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25,*,1$/3$3(56

Z/E&t/EdZt,d;dZ/d/hD^d/shD>͘Ϳh>d/sZ^Z^WKE/&&ZEd>zdK/Ed'Zd&Zd/>/d/KE/E
W</^dE



0XKDPPDG$DPLU,TEDO-XQDLG5DKLP:DMLG1DHHP6DEU\+DVVDQ<DVVLU.KDWWDE$\PDQ
(O6DEDJK

Z>d/KE^,/W^dtEZ<d,/<E^^͕dZ'͕EdZ/DdZ/EW/Eh^Zhd/ dE͘W>Edd/KE^

<XVXI.XUW0HKPHW&DOLNRJOX.DQL,VLN

&&d^K&/&&ZEdEs/ZKEDEd>KE/d/KE^KEKDWK^/d/KEK&t>EhdK/>

+DR%LQJTLQJ=KDR=KLKHQJ&DL<D:DQJ/LKRQJ/L0,LQJVKX5XL<XNXL

d,/DWdK&tdZWE/&&ZEd/ZZ/'d/KE>s>^KEd,z/>͕W>Eds>KWDEdE^KDYh>/dz
&dhZ^K&d,WWWZ





6HOFXN6R\OHPH]

h^K&&KhZ/ZdZE^&KZD/E&ZZ^WdZK^KWzEZd/&//>EhZ>EdtKZ<^dKWZ/dd,tKK
E^/dzK&Zh^>/E/͘Z/,͘



$OL,KVDQ.D\D$KPHW&LIFL0XKDPPHU,ONXFDU

yD/E/E's'dd/KE^dZhdhZ͕^W/^/sZ^/dz͕Z/,E^^E s'dd/KEͲEs/ZKEDEd>Z>d/KE^,/W^/E
d,^hdZKW/>&KZ^d^K&<Kd>//^dZ/d;:<Ϳ͕W</^dEh^/E'Dh>d/sZ/dWWZK,



0XKDPPDG6KRDLE$PMDG6XQEDO.KDOLO&KDXGKDUL$VLD%LEL1RVKHHQ$]KDU6DPPHU
)DWLPD6DPLXOODK.KDQ1DIHHVD=DKLG0DOLN.LUDQ+LQD0XKDPPDG$UVKDG

/^K>d/KEK&dtKDdZzEͲ'Z/E'dZ/Ed,KE^dZhd/KEK&D/ZK/>'Ed &KZd,
/K'Zd/KEK&DdZzE



<DQ=KDR&KHQJ[LDR=KDR/HL6KL&KXQKRQJ6RQJ<XDQ\XDQ<X<LQDQ=KDQJ4LQIHQJ4X

^>ddK>ZEd/sd/KE/E&EW>Ed^h^/E'WZK>/EE^>/z>//^^K/dt/d,W,z^/KͲ
/K,D/>Ez/>,ZdZ^/DWZKsDEd



.KDOHG$EGHODDO0RKDPHG(O$IU\0HWZDO\0HWZDO\0RKDPHG=LGDQ(PDG5DVKZDQ

dEE//͕^KD,szDd>^EdZ/>/E&d/KE&&d>>h>Z/DDhE/dzEEd/Ky/EdEzD^
K&,zW,EdZ/hEZhZz;>W/KWdZ͗Zd//Ϳ>Zs



2JX]KDQ<DQDU8ONHU5L]YDQOL(OLI)DWPD7RSNDUD6HYFDQ0HUFDQ)DWPD*RQXO6ROPD]

^d/Dd/KEK&'Ed//sZ^/dzEKD/E/E'/>/dz/EKddKEhEZtdZ^dZ^^KE/d/KE

6RURXU)RXDG+DPRXG+HVKDP0RVDOHP0RKDPDG(O0RXVVD6DP\

d,ZK^/'ZE^W^Ed,/ZWK^^//>/d/^dKDK/&zD/ZK>/Dd KE/d/KE^/Ed,hZE
Es/ZKEDEd




1DGH]GD6WRMDQRYLF0LUMDQD7HVLF1HQDG6WDYUHWRYLF-RYDQD3HWURYLF$OHNVDQGDU/LVLFD
6DVD0DWLF

KE^dZhd/KEK&KWd/D>s>KWDEdWd,K&dKhZ/^DDE'DEd/Ed'Zd/KEW>EE/E'&ZKDd,
WZ^Wd/sK&&KZ^dZZd/KE



3HQJ/LX6KXQORQJ/L'DQGDQ*DR

KDWZ,E^/ss>hd/KEEE>z^/^K&tdZZ^KhZ^s>KWDEdEhd/>/d/KE'Z

-LQ;LD=KDQJ

Z^Z,KEd,/DWdK&'ZEWZKhdW<'/E'^/'EKEK>K'/>Es/ZKEDEd

;LDRTLQJ*RQJ%LQJ:X)HL:X

/Ed/&/d/KEK&Z/ZKKd<EKdEDdK/E,/EEE>KE/E'͕>K>/d/KEE^/>E/E'E>z^/^K&&>W
'E^





0HL\LQJ)X-LJXDQJ/XR7DR=HQJ.DL5XL+XLIDQJ:DQJ;XQFRQJ-L0LDQFDL&KHQ

Z^Z,KEYh>/dzDE'DEdK&KEKD/^z^dD^KEK>K'/>WZ^Wd/s

6KL$Q<LKXDQ+H
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Z^Z,WZK'Z^^K&Es/ZKEDEd>&Z/E>zZD//d/sd,EK>K'z;ϯWZ/Ed/E'Ϳ

%LQJ:X)HL:X

Z^Z,KEK>K'/>^/'EK&d/E:/EWKZd>K'/^d/^^Zs/Yh>/dz^z^dD^KEY&

:DQHU=KDQJ

^dhzKEZ'EZd/KE^/'EK&>E^WK>K'/>W>EE/E'

+XLVKDQ:DQJ+DLWDR:DQJ

^dhzKEd,KhW>/E'D,E/^DEKhEdZD^hZK& dKhZ/^D/Eh^dZzK^z^dDEK>K'/>
Es/ZKEDEd/EK>K'/>KEKD/KE






:HLMXDQ)HQJ

Z^Z,KEd,KEdZ/hd/KEE/E&>hEK&'Z/h>dhZ>KdKhZ/^DdKZ'/KE>KEKDz

<LQJKXL=KDQJ

Z^Z,KEd,ZK>K&KdKhZ/^D&ZKDd,WZ^Wd/sK&K>K'/>/s/>/d/KE

-LH'RQJ=KLFDQJ;LQJ=KL\H6RQJ7DQD%DR

Z^Z,KE>KtZKEKEKDzEEs/ZKEDEd>&/EE/E'hE'KE'WZKs/E

=LKDR/LQ

d,hdKDd/dd/KEK&dKDdK^>&/^^^






2NDQ2UDO*XUNDQ%LOJLQ

,/',Z^K>hd/KEZDKd^E^/E'/D'>^^/&/d/KEK&E/Eds/>>'^^KE W>ZE/E'

)HL&KHQ-XQ)DQJ-XQ+X

^^^^/E'd,^^KE>zED/^E/E&>hE/E'&dKZ^K&W,zdKW>E<dKEKDDhE/dz^dZhdhZ/E
,E',hE^d/KEK&z/dKE'Z/sZ




.H=KDR;LDRWLDQ%DL-LIHQJ&KHQ+DL/X

^>/E/dzdK>ZEK&KDDKE>z'ZKtE'ZWh>d/sZ^

+DWLFH%LOLU(NELF+DVDQ8\DU+DOLO(UGHP

^KD/K>K'/>d/s/d/^K&ED/^sKZz͖^dhZ:/>//W͘,͘s/^

(OD1XU6LPVHN6H]HU7XQD8\VDO

&&dK&hZEKE^dZhd/KE>E,E'KE^dKZDtdZZhEK&&EWK>>hd/KEWZK^^

*DROHL=KDR+DR&KHQ=KLZHQ/HL;XHMXQ/LX5XLIHQJ/LDQJ.HIHQJ/L<DQOHL:DQ
;XQFKL3X

Z^Z,KEYh>/dzDE'DEdK&KEKD/^z^dD^KEK>K'/>WZ^Wd/s

<DOL:DQJ7LQJ<DR

^d/Dd/KEK&'Ed/KDWKEEd^E,dZK^/^&KZEhZ^ZzdZ/d^/EdKDdK,zZ/^;^K>EhD
^h>EdhD͕D/>>Ϳ








,UXP$]L]$VLI$OL.KDQ$KODP.KDORIDK$TVD7DEDVXP0XKDPPDG$PMDG%DVKLU
0XQD]D%DWRRO.KDOLG$OL.KDQ+DVQDLQ)DURRT5HHP$WDOOD$ODMPL'LQD00HWZDOO\
0XKDPPDG-DYHG$QVDUL

WW>/d/KEK&'KW,z^/>d,EK>K'z/EEdhZ>&ZdhZ^K&hEKEsEd/KE>Z^ZsK/Z^

=KXR/LX-LQJRQJ=KDQJ-XQ%X<LGRQJ<XDQ/LQ%DL

dZ>DEd>KEEdZd/KE^/Ed,^K/>K&d,hZEͲZhZ>&Z/E'KE͗WK>>hd/KE^^^^DEd͕^Wd/>
/^dZ/hd/KEE^KhZWWZKy/Dd/KE




;LDQJKRQJ/LX/LQKXD6XQ+DLWDR=KDQJ

^dhzKEKE^dZhd/KEEs>hd/KEDd,KK&KͲEs/ZKEDEd/Ey^z^dD&KZZ'/KE>KEKD/
s>KWDEd



<XDQ*DR<L0HQJ

^dhzKEd,E>z^/^K&^>dZd/K^/Ed,,Z,^K'h>dt/d,/dZh^Zd/h>d>EKZh
&>KtZ^ydZd^E/^h^^/KEK&KWd/D>^>dZd/K^/E,hDE,>d,

%HWXO2]GHPLU8VPDQ0LU.KDQ=HOLKD6HODPRJOX
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&&dK&^Kt/E'd/D^KEd,'ZKtd,͕z/>EYh>/dzK&Dh^<D>KE;hhD/^D>K >͘ͿsZ/d/^

(MD]$KPDG*KXODP1DEL0XKDPPDG,PWLD]=XOILTDU$OL0XKDPPDG<DVLU$OL$VDG$OL
.KDQ

>/&Z^WKE^K&^/dKW,/>h^KZz;>͘ͿZZKEdtK/d^hEZ/&&ZEdDK/&/dDK^W,Z^

0XKDPPDG0RKVDQ0DQVRRUXO+DVVDQ$PHU+DELE0XKDPPDG=HHVKDQ0DQVKD
0XKDPPDG5DKHHO&K0XKDPPDG6KDKLG+DQLI+DIL]0XKDPPDG$DWLI.DPUDQ,NUDP
-DYHULD.KDOLG







dZD/Ed/KEK&Ed/Ky/Edd/s/dzEED'WZKdd/KEK&DZ,Ed/WK>zDKZW,>͘

2]OHP7RQJXF<D\LQWDV1HVOLKDQ'HPLU

'/^Ͳ^KE/E'K&D/>>d/E,/>KE':/E'

0LQJ\X&DR/LDQJ\L0D/L=KDQJ6KDQ:HQ<DQ-LQJMLQJ=KDR'LDQIHQJ=KHQJ1DLMLH
)HQJ;LDRPDR/LQ

KWd/D/d/KEDK>K&K>,/E>K'/^d/^KDDKE/^dZ/hd/KEWd,&KZ&Z^,'Z/h>dhZ>WZKhd^
hEZd,WZ^Wd/sK&>KtZKE






<XFKHQ3DQ

&&dK&^Kt/E'dE^/E'Zd^KE'ZKtd,͕z/>E/d^KDWKEEd^K&t,dhEZEts>>z
Z'/KE



'DOLD$(O+DJ$GGHO<RXVVHI5DJDE0RKDPHG$KPHG(GUHVV0RKDPHG0RQWDVHU0
+DVVDQ<DVHU0+DIH].KDOHG$$EGHODDO$KPHG0RKDPHG$KPHG$EG(O0RQHP

W^dZK'E/d/KE&KZ&KZ^dZ/>/D'^h^/E'/DWZKs'KK'>ĞEdEdtKZ<^KEdZE^&Z>ZE/E'

<RQJMLH7DQ-LH4LQ

^h^d/E/>/dzZWKZd/E'/EhZKWEhE/KEKDWE/^




'HMDQ-RYDQRYLF/MLOMDQD%RQLF.ULVWLQD0LMLF

D,E/^DK&E,EDEdKKEd/KEzh>dZ^KhE&KZ'Zd/KEK&WK>zZz>D//E^WWZKh
tdZ



/HL=KDQJ-LD[LQ=KXR<XH0LDR:HLNDL&DR<XHVXR<DQJ

d,KDWZd/s^dhz&KZZKE&KKdWZ/EdK&Z&Z/'ZdKZ^/E>/&z>

1RK+\XQ/LP-RQJVHN.LP-LQ:RRN.LP

^dhzKEd,/E&/>dZd/KEEWZd/K&Es/ZKEDEd>WZKdd/KE/EE'>/^,d,/E'

=KHQ=HQJ

KDWZd/s&&dK&^K/>E&K>/ZWW>/ &Ğ^Kϰ EŶ^Kϰ &KZD/'ZKtd,hEZ^>/EKE/d/KE^

0XQD]D%DWRRO0XKDPPDG$EGXO4D\\RXP$KODP.KDORIDK$ULI+XVVDLQ0XKDPPDG
$PMDG%DVKLU$KPDG.DPUDQ.KDQ.KDOLG$OL.KDQ6\HGD$PEHU+DPHHG+DLID$
$OKDLWKORXO6XODPDQ$*KDQHP0XKDPPDG6DGLT+DVKPL)DUKDW%DVKLU,UXP$]L]
7D\\DED1D]

&&dK&'ZE^zEd,^//EKy/EEKWZd/>^^WKddK'ZKtd,KK^dZhEZ/Es/dZKKE/d/KE

$ULID.KDQ1DYHHGD5LD]6KD]LD(UXP$EGXOODK,NUDP,PUDQ+XVVDLQ0XKDPPDG4DVLP
0XKDPPDG$UVKDG

'/^EZDKd^E^/E'Zh^zDh>d/Z/dZ//^/KEE>z^/^Dd,KdKdZD/Ed,>E^>/
^E^/d/sZ^K&D>dzWZKs/E









0(UHQ2]WHNLQ0LUDF.RVDU

/Es^d/'d/KEK&^K/>dZ/>KDDhE/d/^E&hEd/KE>/d/^t/d,/EdzW/><Z^dWz&/>^K/>^/E
^Khd,ZE,/E



-XQER=KRX=KHQMLDQJ-LQ0HQJ/HQJ;LDR\L;LDR;LDRWRQJ:DQJ)XMLQJ3DQ4LDQJ/L

^dhzKEKWd/D/d/KEK&K>K'/>'Z/h>dhZ>K'/^d/^/^dZ/hd/KEWd,^KEK>K'/>d,KZz

+XLZHQ/DL
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/EdZd/s&&d^K&^>/EtdZ/ZZ/'d/KEEE/dZK'E&Zd/>/d/KEKEdKDdK'ZKtd,Ez/>

+DVQDLQ)DURRT0XKDPPDG$PMDG%DVKLU$KODP.KDORIDK.KDOLG$OL.KDQ0XVDUUDW
5DP]DQ$ULI+XVVDLQ/DRVKHQJ:X-LUL6LPXQHN,UXP$]L]0RKDPPDG6KDK]DG6DPGDQL
6XLOPDQ0RKDPPDG$OJKDQHP+DLID$$OKDLWKORXO0LOW0F*LIIHQ=XEDLU$KPDG

Et&KhZDzdKKZKZ^&ZKD^Khd,^dEdK>/ͲdhZ<z

+D\UL%DED0XVWDID6HYLQGLN$EGXOODK(U0LQH$WD\<XFHO'RJDQ%HWXO$OWDV+DVDQ$NJXO

d,/E&>hEK&>^>/',dYh>/dzKEd,'ZKtd,W/'DEd^/K,D/>E,>KZKW,z>>&>hKZ^E
,ZdZ/^d/^K&dKDdK^>/E'^;^K>EhD>zKWZ^/hD>͘Ϳ






$KPHG)DWK\<RXVHI<RQJ;X)D[LQJ&KHQ.XL/LQ;LZHQ=KDQJ+HOOLR*XLDPED
0XKDPPHG0XVWDSKD,EUDKLP+DIL]0XKDPPDG5L]ZDQ0XKDPPDG0RDD]$OL

^^^^DEdK&d^zZhWdKy/&/d/KE^&ZDEdd/KE^h^dZdzZDKs/E'WK>zW,EK>^t/d,
d/sd,ZK>



6DODK0RKDPPHG$OHLG-DPDO6DOHK+DGGDGLQ=KHQ;LQJ7DQJ

Z^Z,KEZ'/KE>ZhZ>dKhZ/^DKE^dZhd/KEEs>KWDEd^dZd'/^^KEdKhZ/^d^ΖWZ/s
s>hͲd</E'd,'ZdZzZZKhE,E',Khz^EyDW>



&KXQKRQJ;X/HL'LQJ-XQ=KX6KLZHL6KHQ

Z^Z,KEWW>/d/KEK&'ZEh/>/E'd,EK>K'z/E'ZEK>K'/>/dz

.DLIHQJ&KX

,ZdZ/^d/^K&KKEhWd</EhZE&KZ^dEKWz^KE^W&>KtD^hZDEd^

-LQJMLQJ;X;LQELQJ<DQJ%R&KHQ'RQJKXDQ/LX6KDRZHL/X6KDRQLQJ/L

D,E/^DK&^t>>/E'ZK<E^K/>>E^>/^E<zd,EK>K'/^&KZdZdDEd

7LDQ\X/L4LX\DQ)DQ;LDQ/L/LDQJ-LDKXL

^dhzKEd,/E&>hED,E/^DK&KE^hDZs>h^KE'ZEKE^hDWd/KEt/>>/E'E^^hEZd,
<'ZKhEK&,/E^h>dhZ






:HLPLQ<DQJ/LOL*DR5RQJKX=KRX.H/L

/DWZKsdZ:dKZzW/t/^>/EZKD/Et/d,<Zz>KsE,EWKDK>KZZZhd/KE&KZ
^h^hZ&&>Kt^/Dh>d/KE



-LQJ&DR

hZZEd/^dZ/hd/KEDWK&KDDKEK<>hZ;yEd,/hD^dZhDZ/hD>͘Ϳ/EdhZ<z

&XPDOL2]DVODQ

Z^Z,KEd,s>KWDEdWd,K&Η^WKZd^нdKhZ/^DΗ/Eh^dZz/E,/E^KE'ZEKEKDz
s>KWDEd




4LXGDR=KDQJ-LQJOX:DQJ)DQKDL0HQJ

Z^Z,KEKDWKhE&h>dK&^t'dZdDEd >dZKD,E/>Yh/WDEd^KE>/&d/E'
Dh>d/ts>d



7RQJ[LQJ=KDQJ<X[LDQJ&KHQ-LDQ[XH<H

^/DEdWZKsEE/Ed/&/d/KEEW>KEs/ZKEDEd>,ZdZ/^d/^^/ED/^ϱ/Ed,t^dZE^,>&
ZK&d,^Khd,z>>Kt^



<LIDQJ6XQ=KDRMXQ6RQJ;LDQJZHQ5HQ;LQUX:DQJ<XMLH+X=LZHQ=KDQJ

D/ZK/K>K'/>Yh>/dzK&&ZKE^&KK^KE^hD/EdhZ<z

$(]JL7HOOL<XVXI%LFHU*DP]H7XUNDO7DKLU<LOPD]<XVXI'RJUXHU

D/E/E'&KZWZ^WKZ/EdKy/E'E^/E:KZE/E/>>h^d,hZ/E'/E^/^ ^dZ/E^

$OLD)6QRXSHU0RQWKHU76DGGHU/XPD$O%DQQD6DOHP$O6D\HT(NKODV$O0DMDOL
$KPDG$O6KLEO\7DZILT0$O$QWDU\
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CULTIVARS RESPOND DIFFERENTLY TO INTEGRATED
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ered to be the major cause of sub-optimal productivity of wheat especially in developing countries
such as Pakistan, India, Afghanistan, Iran and many
central Asian states [2]. The extensive use of chemical fertilizers for cereals imparts drastic impacts on
terrestrial ecosystems and non-feasibility of recycling organic wastes suggests their utilization in
crops production. Wheat has been found to be responsive to organic manures applied solely or in
conjunction with chemical fertilizers [3, 4]. The coapplication of nitrogen fertilizers (160 kg ha-1) and
compost (30 Mg ha-1) recorded significantly higher
wheat yield but it performed below par to chemical
fertilizers under irrigated conditions. The spike
length, number of grains per spike and 1000-grains
weight of wheat was considerably improved by
increasing organic material doses [5]. The use of
chemical fertilizers and its amalgamation with
compost, farm yard manure and green manure improved yield appreciably owing to better nutrient
use efficiency [3]. Compost (12.5 t ha-1) + NPK
fertilizers (66-42-31 kg ha-1) remained outstanding
as far as and yield contributing traits were concerned. The co-application of green manure (12.5 t
ha-1) + NPK fertilizers (66-42-31 kg ha-1) and farm
yard manure (12.5 t per hectare) + NPK fertilizers
(66-42-31 kg per hectare) remained superior to others [6] (Ali et al., 2012), but this study did not suggest reducing the doses of chemical fertilizers.
The rapidly increasing population and decreasing agricultural lands demand higher productivity
of staple crops, but organic manures have not obtained much appreciation as yield decreases compared to chemical fertilizers [3]. The utilization of
organic materials as a sole source of plant nutrients
or in combination with chemical fertilizers requires
dose optimization [7]. A study revealed that humic
acid applied in combination with chemical fertilizers improved yield attributes which led to significantly higher wheat yield, however this study remained inconclusive as response of multiple varieties of wheat was not evaluated [8]. Similarly, organic manures (0.625 t ha-1) applied solely and in

ABSTRACT
Environmental pollution caused by synthetic
fertilizers necessitates source and dose optimization
of organic manures of animal origin for rainfed
wheat accessions. A field trial was executed to determine the impact of chicken manure and farm
yard slurry applied as sole sources of nutrients and
in conjunction with chemical fertilizers on wheat
accessions. Yield attributes, grain yield (Gy), biological yield (By) and harvest index (Hi) of wheat
were recorded as response variables. Wheat (cv.
NARC-2009) under chemical fertilizers alone remained unmatched in terms of yield attributes along
with Gy (4.32 t ha-1), By (9.85 t ha-1) and Hi (44%).
The same accession under co-application of chicken
manure and chemcial fertilizers followed it with Gy
of 4.08 t ha-1, which in turn was followed by coaapplication of farm yard slurry and chemical fertilizers. The minimum Gy (2.94 t ha-1) was recorded
by wheat (cv. Pakistan-2013) under no fertilization
owing to significantly lesser peduncle and spike
lengths, grains per spike, number of spikelets and
1000-grains weight. Thus, it can be inferred that
wheat accessions respond differently to organic
manures applied alone and in conjunction with reduced doses of chemical fertilizers under rainfed
conditions and these research findings also suggest
evaluating organic manures from plant and animal
origins to obtain comparable wheat yield as that of
chemical fertilizers.
KEYWORDS:
Chicken manure, Farm yard slurry, Plant nutrition, Organic farming

INTRODUCTION
Wheat constitutes the third most leading crop
after maize and rice with an area of 651 million
hectares globally [1]. Poor plant nutrition is consid-
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TABLE 1
Physico-chemical properties of experimental soil determined before the sowing of crop from a depth up to
30 cm (2-years pooled data).
Soil characteristics
Values
Mechanical characteristics
Sand (%)
64
Silt (%)
21
Clay (%)
15
Textural class
Sandy loam
Chemical characteristics
Organic matter (%)
0.86
Available nitrogen (mg kg-1)
1.81
Available phosphorous (mg kg-1)
2.94
Available potassium (mg kg-1)
89.67
combination with humic acid (10 kg ha-1) and sea
weed extract (625 ml ha-1) significantly triggered
wheat growth as indicated by higher plant height,
leaf area and number of spikes along with 1000grains weight, however the research findings were
limited as organic manures from plant origin were
tested [9]. The impact of solo and combined uses of
organic and inorganic fertilizers on eleven winter
wheat cultivars was assessed and results revealed
that chemical fertilizers remained unmatched in
terms grain yield while organic materials applied in
amalgamation with chemical fertilizers performed
better than solo organic manures indicating that
integrated fertilization regimes could be optimized
to obtain wheat yield comparable to inorganic fertilizer [10]. It was also demonstrated that integration
of inorganic fertilizers with organic manures was
effective in boosting wheat yield on sustainable
basis; however this study was limited in scope for
being conducted under irrigated conditions [11].
It was hypothesized that organic materials
(chicken manure and farm yard slurry) could produce comparable wheat yield as that of chemical
fertilizers under rainfed conditions. It was also hypothesized that wheat accession might differ in
their response to integrated fertilization regimes.
Thus, the primary objective of this field trial was to
fill the existing knowledge and research gap by
determining the most appropriate source and combination of manures for achieving the comparable
wheat yield under rainfed conditions.

area as per Koppen-Geiger with a reasonably good
annual precipitation (450-750 mm) for crop production, while 10-23 ƕC is the mean daily temperature
range [12]. The representative soil samples collected from four corners and middle of the field up to a
depth of 30 cm, were subjected to pre-sowing physico-chemical analyses. The textural class of the soil
was sandy loam and was deficient in organic matter
and all primary nutrients (Table 1).
Chemical analyses of organic materials. To
determine the nutritional profile of organic manures, representative samples were collected from
solo organic manures as well as their combinations.
The representative samples were stored in ziplockable plastic bags in triplicate. The pH and nitrogen content off organic manures were determined using a pH meter and Parkin-Elmer analyzer
respectively [13]. Phosphorous, potassium, calcium,
magnesium and zinc contents were also quantified
as described by AOAC [14]. The nutritional profile
of organic manures alone and in different combinations has been illustrated in Table 2.
Experimental details. The field trial was
comprised of two organic manures (chicken manure
and farm yard slurry). Treatments included three
sources of plant nutrients including farm yard slurry
(20 tons ha-1), chicken manure (12.5 tons ha-1) and
the NPK fertilizers (120:100:80 kg ha-1). The quantity of organic manures was calculated based on
their chemical composition to obtain comparable
nutrients (120:100:80 kg ha-1). The experiment was
comprised of following treatments; no fertilization,
chemical fertilizers alone, farm yard slurry alone,
chicken manure alone, co-application of chicken
manure and farm yard slurry, co-application of
chicken manure and chemical fertilizers and coapplication of farm yard slurry and chemical fertilizers. Two accessions of wheat approved for rainfed areas (NARC-2009 and Pakistan-2013) were
also evaluated using the seed rate of 120 kg ha-1. In
this way, this field trail was comprised of fourteen
treatment combinations. The research trial was

MATERIALS AND METHODS
Study Area. The field trial was executed at
the Research Farms of Department of Agronomy,
Faculty of Agriculture, The University of Poonch
Rawalakot (AJK) (33° 51' to 33° 85' ƕN and 73° 48'
to 73° 80' ƕE) Pakistan. The experimental site is
located at an altitude of 1640 meters above the sea
level. The field trial was conducted during two consecutive autumn seasons of 2014-15 to 2015-16.
Sub-tropical highland is the type of climate of the
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TABLE 2
Chemical composition of organic manures and their combinations (2 years pooled
data).
Manure source
pH
N
P
K
Ca
Mg
Zn
(g kg–1)
(g kg–1)
(g kg–1)
(g kg–1)
(g kg–1)
(mg kg–1)
Chicken manure
7.1
31.7
10.9
8.4
7.4
2.9
148.2
Farm yard slurry
6.4
18.1
16.6
13.5
6.0
3.2
84.5
Chicken manure +
6.9
24.3
13.8
10.0
6.6
3.1
102.7
Farm yard slurry
executed in factorial arrangement of randomized
under chemical fertilizers alone especially of wheat
complete block design having four replicates. The
cultivar NARC-2009 (Table 3). The same cultivar
net plot size was maintained at 5 × 14 m having
under co-application of chicken manure and chemitwenty rows per plot. A uniform space of three mecal fertilizers followed chemical fertilizers alone for
ters was left as separation between replications, half
plant height, number of tillers and number of spikea meter was the spacing between experimental
lets, while it was statistically at par to it for pedunplots. Uniformity was maintained regarding cultural
cle and spike lengths. Wheat cultivar NARC-2009
practices across the experimental plots. The organic
under co-application of farm yard slurry and chemmanures were applied 35 days before sowing, while
ical fertilizers remained below followed cochemical fertilizers were applied as a basal dose.
application of chicken manure and chemical fertilizers for plant height and number of tillers and
Data recordings. All yield attributes were
spikelets however, both fertilization regimes rerecorded at the time of harvesting of the crop. Plant
mained statistically non-significant for peduncle
height, peduncle length and spike length were recand spike lengths (Table 3). Chicken manure alone
orded using a measuring tape, while 1000 grains
also remained superior to farm yard slurry alone for
weight was recorded by manually separating 250
both cultivars of wheat. Pakistan-2013 under congrains, weighing them with an electric balance and
trol conditions recorded the minimum yield attribfinally multiplying it to obtain 1000-grains weight.
utes under all fertilization regimes.
Biological yield was estimated by harvesting all
Similarly, wheat cultivar NARC-2009 replants of each plot and weighing them using a
mained outstanding by recording the highest numspring balance after threshing. Harvest index (Hi)
ber of grains per plant and 1000-grains weight
was calculated with the help of equation 1 [15].
when chemical fertilizers were applied a sole
Hi (%) =
Grain yield x 100
(1)
source of plant nutrients. The significantly higher
Biological yield
yield attributes recorded by chemical fertilizers
alone led to the highest grain yield (4.32 t ha-1),
biological yield (9.85 t ha-1) and harvest index
Statistical analysis. Barlett’s test indicated
(44%) (Table 4). The same wheat cultivar under cothat the interactive effect between year and treatapplication of chicken manure and chemical fertiments was non-significant (P < 0.05) [16], thus
lizers closely followed the chemical fertilizers
combined statistical analysis of data was performed
alone by recording the grain yield and biological
as a regular arrangement of randomized complete
yield of 4.08 and 9.31 t ha-1 respectively, which was
block design. The technique of analysis of variance
followed by co-application of farm yard slurry and
(ANOVA), using statistical package of “SAS”
chemical fertilizers, while wheat cultivar Pakistan(SAS Inc. 2003), was employed. The significant
2013 remained below par to NARC-2009 under
interaction effects were subjected to pairwise comchemical fertilizers alone as well as integrated fertiparison using Tukey’s honestly significant differlization.
ence (HSD).
RESULTS

DISCUSSION

The interaction effect (P<0.05) of wheat accessions (P<0.05) and fertilization regimes
(P<0.01) was significant, while the interaction effect of year with treatment factors was found to
non-significant (Tables 3 & 4). The wheat accessions under study were found to respond differently
to integrated fertilization regime.
All agronomic variables (plant height, number
of tillers, peduncle length, spike length and number
of spikelets) were recorded to be the maximum

Chemical fertilizers remained superior to organic manures applied solely or in combination
with each other and chemical fertilizers, as far as
yield attributes of wheat were concerned (Table 3).
The instant provision of ready to use nutrients by
chemical fertilizers has been previously stated as
the possible reason behind significantly higher
growth of wheat [17]. However, organic materials
recorded comparatively lesser losses and kept on
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TABLE 3
Agronomic yield attributes of rainfed wheat cultivars under chemical fertilizers and integrated fertilization regimes (2-years pooled data).
Treatments
Ph
Nt
Pl (cm)
Sl
Ns
(cm)
(cm)
Wheat (cv. NARC-2009) under no fertilization
71.72j 3.63h 32.64fg 8.58gh
11.21i
a
a
a
a
Wheat (cv. NARC-2009) under chemical fertilizers alone
96.31
6.49
46.98
11.61
18.74a
9.60d
13.33gh
Wheat (cv. NARC-2009) under farm yard slurry alone
77.53fg 4.25ef 35.84ef
Wheat (cv. NARC-2009) under chicken manure alone
76.21gh 4.45d 41.68bc 10.47d 14.29ef
Wheat (cv. NARC-2009) under co-application of chicken
90.41c 4.88c 41.60bc 10.64bc 15.70c
manure and farm yard slurry
Wheat (cv. NARC-2009) under co-application of chicken
93.98b 5.62b 44.50ab 11.10ab 16.68b
manure and chemical fertilizers
Wheat (cv. NARC-2009) under co-application of farm yard 80.03e 4.85c 40.15cd 10.36c 15.30cd
slurry and chemical fertilizers
3.29i
27.08h
7.27i
10.06j
Wheat (cv. Pakistan-2013) under no fertilization
70.19j
Wheat (cv. Pakistan-2013) under chemical fertilizers alone
88.69c 4.90c 40.66cd 9.54de 15.43cd
Wheat (cv. Pakistan-2013) under farm yard slurry alone
73.68i 3.66h 31.34g
8.46h
12.51h
hi
g
fg
fgh
Wheat (cv. Pakistan-2013) under chicken manure alone
75.31
3.94
33.43
8.73
13.38fgh
d
de
ef
efg
4.38
35.65
9.06
14.20efg
Wheat (cv. Pakistan-2013) under co-application of chicken
83.53
manure and farm yard slurry
Wheat (cv. Pakistan-2013) under co-application of chicken
85.26d 3.63h 37.73de 9.19def 14.52de
manure and chemical fertilizers
Wheat (cv. Pakistan-2013) under co-application of farm
78.54ef 6.49a 34.49efg 8.84fgh 13.63efg
yard slurry and chemical fertilizers
Cultivar
*
*
*
*
*
Fertilization
**
*
**
**
*
Cultivar × Fertilization
*
*
*
*
*
Cultivar × Fertilization × Year
ns
ns
ns
ns
ns
Means having similar letters within the same column did not vary significantly at P<0.05.
*= P<0.05, **= P<0.01, ns= non-significant at P<0.05.

providing macro and micro nutrients for a longer
period of time in comparison to chemical fertilizers
which recorded significantly higher losses as nitrate
leaching and nitrous oxide emissions [18]. As per
research findings of this field trial, chicken manure
remained unmatched when applied solely or in
combination with chemical fertilizers as far as yield
attributes such as plant height, number of tillers,
peduncle length, spike length, number of spikelets
and 1000-grains weight were concerned. The better
performance of co-application of chicken manure
and chemical fertilizers could be due to provisions
of nutrients such as nitrogen and phosphorous slowly for a longer duration by chicken manure [19],
while chemical fertilizers proved to be the immediate and instant source of nutrients which increased
vegetative growth as well as biological yield of
wheat. The comparatively better agro-botanical
traits such as plant height, number of tillers and
peduncle length led to significantly higher 1000grains weight under co-application of chicken manure and chemical fertilizers. These research findings correspond to conclusions made by [5, 20],
where organic materials proved to be instrumental
in improving soil bulk density which led to increased water holding capacity and ultimately
wheat productivity was increased under water limited conditions. The grain yield of wheat is the sum

total of all yield attributes particularly number of
tillers, spike length and number of spikelets per
spike, thus the binary application of chicken manure and chemical fertilizers increased these yield
attributes (Table 4). The presence of micronutrients in addition to macro-nutrients and greater
amounts of assimilates transferred to reproductive
parts constituted the major reasons behind significantly higher yield attributes of wheat [6, 18]. The
better bio-agronomic traits under co-application of
chicken manure and chemical fertilizers led to
higher grain yield (23%) of wheat. These findings
are in line with those of [21, 22, 23], who concluded that chicken manure recorded higher nutrient
absorption and nutrient use efficiency which led to
greater productivity of wheat. In addition, it was
reported that organic materials were instrumental in
boosting soil organic carbon even in short run
which assisted in obtaining yield as per varietal
potential [24, 25].
As per findings of this field investigation,
farm yard slurry applied as a sole source of nutrients or in combination with chemical fertilizers
remained below par to chicken manure (Table 4).
However, another study reported that farm yard
slurry remained superior to chicken manure as far
as yield attributes contributing to grain yield of
wheat and soil fertility were concerned owing to
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TABLE 4
Agronomic yield attributes, grain and biological yields and harvest index of rainfed wheat cultivars under
chemical fertilizers and integrated fertilization regimes (2-years pooled data).
Treatments
Gs
1000Gy (t
By (t
Hi (%)
Gw (g)
ha-1)
ha-1)
Wheat (cv. NARC-2009) under no fertilization
33.49gh 34.47def 3.24i
7.32j
37.59f
a
a
a
a
Wheat (cv. NARC-2009) under chemical fertilizers alone
46.22
43.15
4.32
9.85
43.96a
8.15g
34.55e
Wheat (cv. NARC-2009) under farm yard slurry alone
36.49def 35.85cde 3.40g
Wheat (cv. NARC-2009) under chicken manure alone
36.33def 36.57cde 3.51ef
8.44f
35.60de
bc
ab
c
c
Wheat (cv. NARC-2009) under co-application of chicken
40.67
40.16
3.91
9030.8
38.96c
manure and farm yard slurry
41.82a
4.08b
9.31b
41.79b
Wheat (cv. NARC-2009) under co-application of chicken
43.17b
manure and chemical fertilizers
Wheat (cv. NARC-2009) under co-application of farm
38.62cd 37.53bcd 3.72d
8.87d
36.18d
yard slurry and chemical fertilizers
31.30f
2.94k
6.78l
28.69h
Wheat (cv. Pakistan-2013) under no fertilization
29.83i
Wheat (cv. Pakistan-2013) under chemical fertilizers alone
39.67c
38.42bc 3.74d
8.65e
36.50d
Wheat (cv. Pakistan-2013) under farm yard slurry alone
32.73h
33.52ef
3.15j
7.13k
29.42h
gh
def
hi
j
Wheat (cv. Pakistan-2013) under chicken manure alone
33.41
34.40
3.25
7.34
29.89gh
efg
cde
f
h
35.48
3.48
7.96
32.18f
Wheat (cv. Pakistan-2013) under co-application of chick35.53
en manure and farm yard slurry
8.24g
34.32e
Wheat (cv. Pakistan-2013) under co-application of chick36.90de 36.49cde 3.56e
en manure and chemical fertilizers
7.61i
30.93fg
Wheat (cv. Pakistan-2013) under co-application of farm
33.98fgh 34.28def 3.32h
yard slurry and chemical fertilizers
Cultivar
*
*
*
*
*
Fertilization
**
*
**
**
*
Cultivar × Fertilization
*
*
*
**
*
Cultivar × Fertilization × Year
ns
ns
ns
ns
ns
Means having similar letters within the same column did not vary significantly at P<0.05.
*= P<0.05, **= P<0.01, ns= non-significant at P<0.05.

slow release of nutrient from chicken manure [26].
It was also noted that farm yard slurry took less
time in the field to decompose completely in comparison to chicken manure Furthermore, it was concluded that farm yard slurry remained superior to
chicken manure in lowering the pH of the soil
which resulted in in contrast to our findings, it was
noted that farm yard manure was instrumental in
lowering the which resulted in significantly higher
nutrients release and availability to wheat [27, 28,
29, 30]. Our study recorded that both of wheat varieties (cv. NARC-2009 and cv. Pakistan-2013)
differed in their response to integrated fertilization
probably owing to difference of their genetic potential and agro-botanical architecture. These finding
are in agreement with those of [31, 32, 33, 33], who
reported that rainfed wheat varieties differ in their
response to integrated fertilization, however the
difference in their drought resistance was more
pronounced.

nure proved at par to chemical fertilizers as far as
yield attributes, grain yield and biological yield of
wheat was concerned. Chicken manure applied in
conjunction with chemical fertilizers remained outstanding by yielding the highest grain yield of
wheat. Farm yard slurry applied solely or in coapplication with chemical fertilizers remained below par to chemical fertilizers alone and coapplication of chicken manure and chemical fertilizers. Wheat cultivars also varied in their potential
under integrated fertilizers regimes which necessitates evaluating more varieties to maximize wheat
yield under rainfed conditions. The research findings also encourage testing organic materials from
plant and animal origins in order to obtain comparable yield of wheat as that of chemical fertilizers.
ACKNOWLEDGEMENT
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CONCLUSIONS
It was postulated that wheat cultivars respond
differently to integrated fertilization regimes under
rainfed conditions and research findings proved in
line with the hypothesis. However, no organic ma-
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volume in most tree species [4-6]. Before wood harvest in a forest, harvesters often need to estimate diameter under bark (diameter without bark) of standing trees for optimal merchandising purposes [7].
Bark thickness, for being species-specific, needs to
be investigated for each forest tree species [3, 7-9].
Turkish red pine (Pinus brutia Ten.) is a fast
growing and one of the main forest tree species distributed naturally in the eastern Mediterranean basin,
from sea level up to about 1400 m on the Taurus
Mountains. It covers 5.61 million ha of forestland in
Turkey [10]. Its timbers are used in diverse areas,
ranging from pulp and paper industry to construction
[10, 11]. Natural stands are found on an extremely
wide range of soil types and under a variety of climatic conditions, with a significant amount of genetic variation in various form and growth characteristics [12-16].
For most species, relative bark thickness was
reported to correlate with diameter at breast height
(dbh), tree age, altitude, site conditions and stem tapering [3, 5, 8, 9, 17, 18]. Thick bark, among other
things, protects living part of the stem against ground
and surface fires [19-22]. General evaluations in the
literature indicated that P. brutia has relatively thick
barks starting from root collar up to a height of 2.5
m of the stem [11, 23-26]. Bark thickness of the species in natural forests varies from 1.0 to 7.0 cm, depending on tree age, tree diameter, altitude, site, and
provenance of populations [23-26]. Also, bark thickness of the species at ground level as well as at breast
height were found statistically different among and
within populations [11, 13]. However, information
on the relationships between bark thickness (BT) and
tree age, and BT and tree diameter in relatively
young P. brutia plantations in the region is lacking.
If relationships among tree characters of interest are known, it would be possible to predict an unknown character by using data on a related character
which is easily measurable and/or clearly observable. The main purpose of the present study is to investigate relationships between bark thickness (BT)
and tree age, BT and tree diameter, and tree diameter
and tree age in P. brutia. The second aim is to develop a model for estimating bark thickness at breast

ABSTRACT
The main purpose of the present study is to investigate relationships between bark thickness at
breast height (BTbh) and tree age, BTbh and tree diameter, and tree diameter and tree age in Pinus brutia Ten. plantations. Seven Pinus brutia plantation
sites at different age groups (ages 10, 15, 18, 20, 25,
30, 35 years) were chosen at Duzlercami Forest District, about 20 km north of Antalya city, Turkey. We
sampled 50 trees at each of these even-aged test sites
and measured stem diameters at breast height (dbh)
(with and without bark) and diameter at ground level
(with bark). We used bark thickness (BTbh) on one
side of the stem and performed regression and correlation analyses. The results showed that BTbh in P.
brutia increased as the tree age increased up to age
30 years, after which it smoothly flattened. The relationships between BTbh (y) and tree age (x) was curvilinear (quadratic) with R2 > 93%. Tree diameter (at
dbh, with bark) as a function of tree age exhibited
similar -yet stronger- trends (R2 > 95%). BTbh and
tree diameter also showed a significant linear relationship. Ground level diameter (with bark) and diameter at dbh (with bark) showed very high correlations (R2 > 99%). Based on data obtained from trees
younger than age 36, BTbh in even-aged P. brutia
plantations can be predicted with very high confidence by using tree age and/or dbh. Likewise, dbh
(with or without bark) can also be estimated by using
tree age.
KEYWORDS:
Bark thickness, Diameter, Pinus brutia, Tree age.

INTRODUCTION
Tree bark is the outer cover or shield of stem
and branches on a tree, protecting tree against internal and external injurious such as fire, insects, and
diseases [1-3]. Relative bark thickness on a tree has
to be known in an acceptable accuracy, in order to
estimate net wood volume and bark volume. Bark
volume represents 5 - 20% of the total (raw) stem
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height by using tree diameter and/or age data for P.
brutia growing at even-aged plantations.
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and diameter without bark gives bark thickness on
two sides of the stem. We used bark thickness on
only one side of the stem and performed regression
and correlation analyses by using SAS 9.3 programs
[27].

MATERIALS AND METHODS
Study areas. Seven P. brutia plantation sites,
each at different ages (ages 10, 15, 18, 20, 25, 30, 35
years) were taken at Duzlercami Forest District, at
the foothills of Taurus Mountains, about 20 km north
of Antalya city, in southwestern Turkey. Fifty (50)
trees at each plantation site, totally 350 individuals,
were sampled (Table 1). The plantation sites are located at lower–middle elevations which are known
to be fire-prone ecosystems. Establishment years of
each plantation sites (to find ages of trees) were
checked from records of Southwest Anatolia Forest
Research Institute, Antalya. In addition, wood increment cores were taken at breast height (1.3 m) from
three individual trees at each plantation site in order
to double check age records.

RESULTS AND DISCUSSION
The results indicated that bark thickness at
breast height in P. brutia increased as the tree age
increased up to age 30 years, after which it smoothly
flattened. The relationships between bark thickness
and age was curvilinear (quadratic), (y = - 15.41 +
2.18 x – 0.032 x2), with R2 > 93% (Figure 1). Bark
thickness increases almost linearly until around age
25 years in our study. This is a general trend both in
P. brutia [11, 24, 26] and several other forest tree
species [4, 28, 29]. However, as trees become older,
the relationship between bark thickness and age
turns a quadratic curve in this study and previous papers [26, 28], mainly due to slow growth rate and
bark shedding after a certain age [9].
One-side bark thickness at dbh level showed
very significant linear relationships with each of the
diameter variables (i.e., dbh with bark, dbh w/o bark,
and diameter with bark at ground level) (Figure 2).
Three earlier studies [11, 23, 24] on P. brutia also
reported generally linear relationships between bark
thickness and dbh while one study [26] found a curvilinear (quadratic) relationship which originates
from measurements from different age groups and
different site quality (bonitet) classes. It was reported
that relationship between bark thickness and diameter at breast height is generally linear in most of forest tree species [8, 30-32]. In general, bark thickness

Measurements and statistical analyses. Tree
diameters over bark (diameters with bark) both at
breast height (dbh, i.e., at 1.3 m) and at ground level
(0.3 m from the ground) were measured using a set
of calipers (Haglof, Sweden). In order to measure diameter without (w/o) bark at breast height and find
bark thickness, we first removed a narrow band of
bark layers (only on two points at 180 degrees opposite sides) at dbh level of stem on each tree. Removal
of bark layers was performed carefully with a special
tool that prevents damaging cambium layer under
the bark. The under bark (w/o bark) diameters at
breast height were then measured with the same calipers. The difference between diameter with bark

FIGURE 1
Relationship between one-side bark thickness and age as determined in seven P. brutia plantations each at
different ages (Each dot in the figure represents the average of 50 trees.
Standard error bars show 95% of the mean).
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TABLE 1
Information about Pinus brutia plantation sites included in the study.
The nearest settlement to the
Age
Altitude (meLatitude (N)
Longitude (E)
Sample size
sampled plantation
(year)
ter)
Eksili village
10
37º 08' 72''
30º 41' 02''
360
50
'XDFÕODUYLOODJH
15
37º 00' 39''
30º 40' 37''
278
50
'XDFÕODUYLOODJH
18
36º 58' 68''
30º 39' 43''
277
50
Kent Forest
20
36º 57' 36''
30º 37' 98''
287
50
'XDFÕODUYLOODJH
25
37º 00' 46''
30º 40' 03''
299
50
Kirisciler village
30
37º 01' 86''
30º 42' 15''
295
50
'XDFÕODUYLOODJH
35
37º 00' 47''
30º 40' 10''
297
50

FIGURE 2
Relationships between one-side bark thickness at breast height and diameter at breast height with bark
(middle line) and without bark (upper line), and diameter (with bark) at ground level (lower line) in seven
P. brutia plantations each at different ages.

FIGURE 3
Relationships between tree diameter and tree age in seven P. brutia plantations each at different ages
[ground level diameter with bark (solid squares), diameter at breast height (dbh) with bark (solid circles),
diameter at breast height (dbh) without bark (solid triangles)]
Each dot in the figure represents the average of 50 trees. Standard error bars show 95% of the mean.
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FIGURE 4
Relationship between diameter at breast height (dbh) without bark and diameter at breast height (dbh)
with bark in seven P. brutia plantations.
Each dot in the figure represents the average of 50 trees.

FIGURE 5
Relationships between diameters at breast height [dbh with bark (solid triangles), w/o bark (solid circles)]
and diameter at ground level (mm) in seven P. brutia plantations.
The relationships between bark thickness at
dbh (y) and tree age (x) was curvilinear (quadratic),
(y = - 15.408 + 2.1782 x – 0.0322 x2), again with
strong R2 > 93%. When dbh (with bark) of all individuals was pooled, the relationship between dbh
and BTbh was still found significantly linear (R2 >
80%, Figure 6). Furthermore, bark thickness as a
function of tree age (x1) and tree diameter (x2) in a
multivariate equation can be predicted with a very
high confidence (R2 > 98%) by the equation: y = 5.25 + 0.093 x1 + 0.084 x2. Diameters at breast height
(with bark) and tree age are explained 70% and 80%
of the variations of bark thickness in oriental spruce
[4] and oriental beech [29], respectively.

increased depending on both increasing age and diameter, being linear at early ages followed by curvi
linearity at later ages, although the slope of the linear
relationships varies from species to species [18, 33].
The means of tree diameters (dbh with bark,
dbh w/o bark, and ground level diameters) as a function of tree age exhibited similar -yet stronger- trends
(R2 = 96%) as it is the case in bark thickness character (Figure 3). The relationship between dbh w/o
bark and dbh with bark, as expected, was literally
linear (R2 ~ 100%) (Figure 4). Similarly, diameters
at breast height (both with bark and w/o bark)
showed literally linear relationships with a diameter
at ground level (Figure 5).
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FIGURE 6
Relationship between one-side bark thickness at breast height and diameter at breast height (dbh) with
bark when all studied individuals of seven P. brutia plantations are pooled.
Our study covers seven P. brutia plantations,
ages of which ranging from 10 years (juvenile age)
up to 35 years (relatively mature age). The study investigates the relationships between three characters
(i.e., tree age, diameter and bark thickness). The
term “age-age correlation” for a given trait on forest
tree species refers to relationships between early (juvenile) ages and later (mature) ages, later ages being
usually ages beyond 25 years [34, 35]. There have
been numerous studies on several forest tree species
concerning age-age correlation and early selection,
all of which help to predict what a trait would be at
subsequent ages, based on data obtained at early ages
[for example, 35-38]. Knowing relationships (or
phenotypic and genetic correlations) between tree
characters has been an efficient tool in tree improvement programs, because it becomes possible to make
indirect selection of a given character based on its
relationships with an easily measurable or observable character [7, 39-41]. In that respect, the results of
this study would contribute primarily to predict bark
thickness if one of age or diameter characters (or
both) are known. In addition, if diameter at any early
age is known, diameter at later ages could be predicted with very high confidence. Such prediction is
especially important in early selection for genetic
improvement programs of P. brutia [42, 43].
Middle and low elevation forests within the distribution range of P. brutia generally lie within the
fire-prone ecosystems of the Mediterranean region.
The species appears to be a relatively fire-adapted
tree because it has at least three advantageous traits,
namely, hard seed coat, serotinous cone and relatively thick bark [2, 14, 16, 20, 22]. The results on
bark thickness in this study show that P. brutia steadily increases (or reinforce) bark thickness up to age
25 years, after which such reinforcement slows down
and eventually terminates. In other words, there is a
steady buildup of thicker barks on the stem at early

ages which support the hypothesis that P. brutia has
developed an adaptive mechanism to resist forest
fires because of its relatively thick bark. On this regard, Isik et al. [13] also reported that barks (as
measured by relative bark basal area) of low elevation populations were significantly thicker than that
of middle and high elevation populations, which
could be attributed to better adaptation to frequent
low-intensity forest fires at low elevations. Indeed,
while low-intensity fires in P. brutia forests occur,
on average, in every 9 years, high-intensity fires take
place in about every 25 years in the region [44].
Most of the pine species (including P. brutia)
and many other tree species have developed a defense system, especially against the ground fires,
with their bark thickness from ground level up to 2.5
m of the stem. The thickest bark formation on tree
stem occurs between the root collar and 2.5 m [2, 18,
20, 30, 32]. The results of detailed studies covering
different tree species indicated that the bark thickness generally shows a linear regression relationship
with increasing age and diameter [4, 11, 18, 24, 26,
30, 32]. In addition to age and diameter, such factors
as site quality [23, 24, 26], seed source origin [13,
45], growth phase [18], tree height [41], latitude and
altitude of provenances, fire regimes [46] are all affecting bark thickness at various scales [9, 18].
The bark volume generally represents 5 - 20%
of the total stem volume over bark. The same factors
that influence bark thickness also influence bark volume on the same direction [4-6, 41]. Determination
of bark thickness is important to estimate net wood
volume harvested from trees and logs. Due to labor
expenses and time required to remove bark in the
forest, harvesters often prefer to use species-specific
bark thickness model to get optimal log merchandising [7, 40]. Therefore, forestry industries apply bark
thickness equations based on various easily measurable characters (such as age, tree height, diameters at
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[18] Richardson, S.J., Laughlin, D.C., Lawes, M.J.,
Holdaway, R.J., Wilmshurst, J.M., Wright, M.,
Curran, T.J., Bellingham, P.J., McGlone, M.S.
(2015) Functional and Environmental Determinants of Bark Thickness in Fire-Free Temperate
Rain Forest Communities. American Journal of
Botany. 102, 1590–1598.
[19] Tapias, R., Climent, J., Pardos, J.A., Gil, L.
(2004) Life Histories of Mediterranean pines.
Plant Ecology. 171, 53-68.

CONCLUSION
Bark thickness of P. brutia (Turkish red pine)
at breast height (BTbh) shows strong positive correlation with tree age and tree diameter at breast
height. In other words, tree age and tree diameter are
the prominent characters (or factors) that determine
bark thickness in P. brutia. We conclude that based
on data obtained from trees younger than age 36
years, bark thickness at breast height (BTbh) in P.
brutia can be predicted with very high confidence by
using tree age and/or dbh in even-aged plantations.
Similarly, dbh (with or without bark) can also be estimated by employing tree age.
ACKNOWLEDGEMENTS
The field works were carried out through logistic support provided by Southwest Anatolia Forest Research Institute in Antalya. This study was part
of a broader research project supported by The Scientific and Technical Research Council of Turkey
(TUBITAK-Project No: 112O251). TUBITAK also
supported Dr. Yusuf KURT as a post-doc research
fellow during a certain period of the project. We
acknowledge the contributions of all involved persons and institutions throughout the study.
REFERENCES
[1] Catry, F.X., Moreira, F., Pausas, J.G., Fernandes, P.M., Rego, F., Cardillo, E., Curt, T.
(2012) Cork Oak Vulnerability to Fire: The Role
of Bark Harvesting, Tree Characteristics and
Abiotic Factors. PLoS ONE. 7(6). Article ID:
e39810.
[2] Pausas, J.G. (2015) Bark Thickness and Fire Regime. Functional Ecology. 29, 315–327.
[3] Rosell, J.A. (2016) Bark Thickness across the
Angiosperms: More than Just Fire. New Phytologist. 211, 90–102.
[4] Sonmez, T., Keles, S., Tilki, F. (2007) Effect of
Aspect, Tree Age and Tree Diameter on Bark
Thickness of Picea orientalis. Scandinavian
Journal of Forest Research. 22, 193-197.
[5] Lawes, M.J., Midgley, J.J., Clarke, P.J. (2013)
Costs and Benefits of Relative Bark Thickness
in Relation to Fire Damage: A Savanna/Forest
Contrast. Journal of Ecology. 101, 517-524.
[6] Murphy, G., Cown, D. (2015) Within-Tree, Between-Tree, and Geospatial Variation in Estimated Pinus Radiata Bark Volume and Weight
in New Zealand. New Zealand Journal of Forest
Science. 45. Article ID: 18.

3127

© by PSP

Volume 30– No. 04/2021 pages 3122-3129

[20] Fernandes, P.M., Vega, J.A., Jimenez, E.,
Rigolot, E. (2008) Fire Resistance of European
pines. Forest Ecology and Management. 256,
246-255.
[21] Lawes, M.J., Richards, A., Dathe, J., Midgley,
J.J. (2011) Bark Thickness Determines Fire Resistance of Selected Tree Species from FireProne Tropical Savanna in North Australia.
Plant Ecology. 212, 2057-2069.
[22] Pausas, J.G. (2017) Bark Thickness and Fire Regime: Another Twist. New Phytologist. 213, 1315.
[23] Alemdag, S. (1962) Growth, Productivity and
Management of Pinus Brutia Forests in Turkey.
Forestry Research Institute Publications, Technical Bulletin No. 11, Ankara, 160 (in Turkish
with English summary).
[24] Erkan, N. (1996) Stand Simulation for Pinus
brutia Ten. Southeastern Anatolia Forestry Research Directorate. Technical Bulletin No: 1,
Elazig, 148 (in Turkish with English summary).
[25] %R\GDN0'LULN+dDOÕNR÷OX0  %L
ology and Silviculture of Turkish Red Pine (Pinus brutia Ten.). OGEM-VAK Publications,
Ankara.
[26] Catal, Y. (2009) Increment and Growth in Brutian Pine (Pinus brutia Ten.) Stands of West
Mediterranean Region. Suleyman Demirel University, Graduate School of Applied and Natural
Sciences, Department of Forest Engineering,
Isparta, 281 (in Turkish with English summary).
[27] SAS. (2011) Statistical Analysis Software. SAS
,QVWÕWXWH,QF6$6Cary, North Carolina.
[28] Wilson, B.G., Witkowski, E.T.F. (2003) Seed
Banks, Bark Thickness and Change in Age and
Size Structure (1978-1999) of the African savanna Tree, Burkea Africana. Plant Ecology.
167, 151-162.
[29] Carus, S, Catal, Y. (2010) The Effects of Diameter at Breast Height, Tree Age and Tree Height
on Bark Thickness at Breast Height of Oriental
Beech (Fagus orientalis Lipsky.). In: Proceedings of the 3rd National Black Sea Forestry Congress held in Artvin, May 20-22, 372-380 (in
Turkish with English summary).
[30] Paine, C.E.T., Stahl, C., Courtois, E.A., Patino,
S., Sarmiento, C., Baraloto, C. (2010) Functional Explanations for Variation in Bark Thickness in Tropical Rain Forest Trees. Functional
Ecology. 24, 1202-1210.
[31] Shekholeslami,
A.,
Kazemnezhad,
F.,
Akhshabi, S. (2011) Bark Measurement of
Beech (Fagus orientalisLipsky.) in TosakotiHyrcanian Forest. International Journal of Forest, Soil and Erosion. 1(1), 1-4.

Fresenius Environmental Bulletin

[32] Brando, P.M., Nepstad, D.C., Balch, J.K.,
Bolker, B, Christman, M.C., Coe, M, Putz, F.E.
(2012) Fire-Induced Tree Mortality in a Neotropical Forest: The Roles of Bark Traits, Tree
Size, Wood Density and Fire Behavior. Global
Change Biology. 18, 630-641.
[33] Dantas, V.L., Pausas, J.G. (2013) The Lanky
and the Corky: Fire-Escape Strategies in Savanna Woody Species. Journal of Ecology. 101,
1265–1272.
[34] Lambeth, C.C. (1980) Juvenile-Mature Correlations in Pinaceae and Implications for Early Selection. Forest Science. 26(4), 571-580.
[35] Isik, K., Kleinschmit, J., Steiner, W. (2010)
Age-Age Correlation and Early Selection for
Height in a Clonal Genetic Tests of Norway
Spruce. Forest Science. 56(2), 212-221.
[36] Mckeand, S.E. (1988) Optimum Age for Family
Selection for Growth in Genetic Tests of Loblolly Pine. Forest Science. 34(2), 400-411.
[37] Kumar, S., Lee, J. (2002) Age-Age Correlation
and Early Selection for End of Rotation Wood
Density in Radiata Pine. Forest Genetics. 9(4),
323-330.
[38] Osorio, L.F., White, T.L., Huber, D.A. (2003)
Age-Age and Trait-Trait Correlations for Eucalyptus Grandis Hill.Ex Maden and their Implications for Optimal Selection Age and Design
of Clonal Traits. Theoritical and Applied Genetics, 106, 735-743.
[39] White, T.L., Adams, W.T., Neale, D.B. (2007)
Forest Genetics. CABI International publication, Wallingford, 704 p.
[40] Li, R., Weiskittel, A.R. (2011) Estimating and
Predicting Bark Thickness for Seven Conifer
Species in the Acadian Region of North America Using a Mixed-Effects Modeling Approach:
Comparison of Model Forms and Subsampling
Strategies. European Journal of Forest Research. 130, 219-233.
[41] Cellini, J.M., Galarza, M., Burns, S.L., Martinez-Pastur, G.J., Lencinas, M.V. (2012) Equations of Bark Thickness and Volume Profiles at
Different Heights with Easy-Measurement Variables. Forest Systems. 21, 23-30.
[42] Isik, F., Keskin, S., Cengiz, Y., Genc, A.,
Dogan, B., Tosun, S., Ozpay, Z., Ugurlu, S., Ortel, E., Dagdas, S., Karatay, H., Yoldag. I.
(2002) Results of Provenance Study at Age 10
on Pinus Brutia: Provenance-Site Interactions
and Defining Breeding Zones. Southwest Anatolia Forest Research Institute, Technical Bulletin No. 12, Antalya, 156 (in Turkish with English summary).

3128

© by PSP

Volume 30– No. 04/2021 pages 3122-3129

[43] Isik, K., Calikoglu, M., Kurt, Y. (2014) AgeAge Correlations and Early Selection of Desirable Genotypes for Diameter (Dbh) in 35-YearOld Open Pollinated Progeny Test of Turkish
Red Pine (Pinus brutia Ten.). Tubitak Project
Report, Ankara, 94 (in Turkish with English
summary).
[44] Neyisci, T. (1993) Ecological Adaptive Traits of
Pinus brutia Ten. to Fires. In: International Symposium on Pinus brutia. 18-23 October 1993,
Marmaris. Forestry Ministry Publications, Ankara, 79-84.
[45] Kohnle, U., Hein, S., Sorensen, F.C., Weiskittel,
A.R. (2012) Effects of Seed Source Origin on
Bark Thickness of Douglas-Fir (Pseudotsuga
Menziesii) Growing in Southwestern Germany.
Canadian Journal of Forest Research. 42, 382399.
[46] Stephens, S.L., Libby, W.J. (2006) Anthropogenic Fire and Bark Thickness in Coastal and Island Pine Populations from Alta and Baja California. Journal of Biogeography. 33, 648-652.

Received:
Accepted:

05.09.2019
26.12.2020

CORRESPONDING AUTHOR
Yusuf Kurt
Molecular Biology and Genetics Department
Harran University
Sanliurfa 63300 – Turkey
e-mail: ykurt@harran.edu.tr

3129

Fresenius Environmental Bulletin

© by PSP

Volume 30– No. 04/2021 pages 3130-3133

Fresenius Environmental Bulletin

EFFECTS OF DIFFERENT ENVIRONMENTAL CONDITIONS
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ter and fertilizer management. In this paper, walnut
samples with different site conditions and management levels were selected to study the effects of
environmental conditions or management level on
the fatty acid content of walnut oil by analyzing the
changes of fatty acid content in walnut oil.

ABSTRACT
Walnut samples from different sites with different site conditions and management levels were
selected to study the effects of environmental conditions or management level on the fatty acid content of walnut oil. The results prove that samples
from different sites containe oils from
566.44-761.58 mg/g, which indicate that site conditions can affect total soil contents in walnut. At the
same time these results also prove that walnut oil
contains very high unsaturated fatty acids which
can reach more than 90% and the contents of fatty
acids and unsaturated fatty acids in samples from
different sources vary greatly, that is, the site environment influences the content of fatty acid. Table
2 proved that 22 fatty acids are all affected by site
conditions of samples.

MATERIALS AND METHODS
Materials. All samples were selected from
Guangxi province of China. The environmental
conditions and management level just show in the
table 1 as the following.
Cultivar: Dapao Walnut
Methods. In this study fatty acid were determined by GC with capillary column and flame detector just according to these references [4-7].

KEYWORDS:
Walnut Oil, Environmental Conditions, Fatty acids

RESULTS AND DISCUSSION
The oil contents in 15 samples from different
sites are showed in Figure 1. The results prove that
samples from different sites containe oils from
566.44-761.58 mg/g, which indicate that site conditions can affect total soil contents in walnut. Samples with the highest oil content are S9 and S10
from Boniaotun, Maoping Village, Chengguan
Town, Nandan County, and Samples with the lowest fat content are S4 and S6 from Xiangjiaping
Tun, Madong Village, Bala Town, Tian'e County
just as Table 1.
The contents of 22 main fatty acids in 15 samples from different sampling sites were determined
(Table 2). The results show that Linoleic acid
(C18:2n6c), Oleic acid (C18:1n9c) and Į-Linolenic
acid (C18:3n3) were the most abundant three fatty
acids in all samples, whose contents ranged from
46.32 to 65.82 mg/g, 14.22 to 35.31 mg/g and 3.93
to 13.25 mg/g, respectively. These results prove
that walnut oil contains very high unsaturated fatty
acids which can reach more than 90% and the contents of fatty acids and unsaturated fatty acids in
samples from different sources vary greatly, that is,

INTRODUCTION
China, one of the origin centers of Walnut, is
the largest walnut producer in the world and has the
largest planting area and yield in the world [1].
At present, China's walnut production investment, cultivation and management technology level
is both low. Compared with the United States, the
yield per unit area is low. The average yield per
plant in China is about 1.5 kg, and the yield per unit
area is less than 20 kg/hm2 [2].
Walnut, has the reputation of "tree oil depot",
contains 65%-70% wainut oil, which is the first of
all woody oils. Walnut oil is called as "Oriental
Olive Oil" by consumers. Walnut oil is fresh, pure,
nutritious, tastes light, fatty acid composition and
proportion is similar to breast milk, easy to digest
and absorb, is a high-level health care edible oil for
children, women during pregnancy and postpartum
rehabilitation [3].
However, the changes of walnut oil composition are affected by environmental conditions, especially temperature difference, soil, light and wa-
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Num
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15

Time
20180919
20180918
20180919
20180919
20180919
20180919
20180919
20180920
20180920
20180920
20180918
20180918
20180918
20180918
20180928
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TABLE 1
Time and place of collection of 15 samples
Sites
Shili bay, Pocha Village, Jinya Township, Fengshan County
Heidong slope, Pocha Village, Jinya Township, Fengshan County
Longzhongtun, Tongle Village, Qiaoyin Township, Fengshan County
Xiangjiaping Tun, Madong Village, Bala Town, Tian'e County
Xiangjiaping Tun, Madong Village, Bala Town, Tian'e County
Xiangjiaping Tun, Madong Village, Bala Town, Tian'e County
Nahuangtun, Dongli Village, Bala Town, Tian'e County
La'e Tun, Longping Village, Liupai Town, Tian'e County
Boniaotun, Maoping Village, Chengguan Town, Nandan County
Boniaotun, Maoping Village, Chengguan Town, Nandan County
Shili bay, Pocha Village, Jinya Township, Fengshan County
Chen Jiatuo, Pocha Village, Jinya Township, Fengshan County
Longlaitun well sill, Chacun, Po Cha Village, Jinya Township, Fengshan County
Pocha Village Langdaotun Mountain Foot, Jinya Township, Fengshan County
Tonggantun, Muyou Village, Dongjiang Town, Jinchengjiang District




:DOQXWRLOVFRQWHQWV








6

6

6

6

6

6

6

6

6

6 6 6 6 6 6

'LIIHUHQWVDPSOHVIURPGLIIHUHQWVLWHV

FIGURE 1
Total oil yield of walnut under different environmental conditions
the site environment influences the content of fatty
acid. Table 2 proved that 22 fatty acids are all affected by site conditions of samples.
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TABLE 2
Fatty acid composition of walnut oil under different environmental conditions
S1
S2
S3
S4
S5
S6
S7
S8
S9 S10 S11 S12 S13

S14

S15

C12:0

0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.02

C14:0

0.02 0.03 0.02 0.03 0.05 0.03 0.03 0.04 0.02 0.02 0.02 0.03 0.02 0.02 0.07

C15:0

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 0.02

C16:0

7.25 6.83 5.68 6.22 6.95 7.09 6.29 7.09 5.89 6.56 6.21 7.21 5.86 5.81 5.31

C16:1

0.17 0.15 0.07 0.10 0.13 0.10 0.08 0.12 0.05 0.13 0.12 0.13 0.11 0.10 0.07

C17:0

0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.08 0.07 0.05 0.08 0.06 0.05 0.06

C18:0

2.47 2.75 3.36 3.28 3.16 2.93 2.50 3.89 3.96 3.13 2.62 3.22 2.25 2.80 3.69

C18:1n9c 35.31 14.34 28.51 17.47 15.01 14.22 24.12 14.50 20.91 23.50 26.82 25.87 18.88 30.80 25.58
C18:2n6c 46.32 62.20 57.23 65.58 65.80 65.82 61.53 66.33 60.67 59.20 54.36 54.72 62.20 50.42 60.85
C18:3n3 7.98 13.25 4.60 6.82 8.37 9.33 4.99 7.52 7.99 6.93 9.34 8.21 10.17 9.56 3.93
C20:0

0.12 0.07 0.10 0.08 0.08 0.08 0.08 0.10 0.11 0.17 0.10 0.11 0.10 0.09 0.09

C20:1

0.14 0.12 0.19 0.13 0.14 0.14 0.17 0.14 0.17 0.13 0.17 0.18 0.15 0.16 0.19

C21:0

0.03 0.05 0.04 0.05 0.06 0.05 0.01 0.05 0.03 0.04 0.04 0.04 0.05 0.03 0.04

C20:2

0.02 0.03 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.03 0.02 0.03 0.03 0.02 0.02

C20:4n6 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
C22:0

0.02 0.02 0.02 0.03 0.03 0.02 0.03 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.01

C20:5n3 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
C22:2

0.03 0.02 0.02 0.02 0.03 0.02 0.02 0.02 0.01 0.01 0.02 0.04 0.02 0.02 0.02

C23:0

0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 0.02

C24:0

0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

C24:1

0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.02

C22:6n3 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01
[6] Ma, J.,, Ye, H., Rui, Y., Chen, G., Zhang, N.
(2011) Fatty acid composition of Camellia
oleifera oil. Journal of Consumer Protecition
and Food Safety. 6(1), 9-12.
[7] Yukui, R., Wenya, W., Rashid, F., Qing, L.
(2009) Fatty acids composition of apple and
pear seed oils. International Journal of Food
Properties. 12(4), 774-779.
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THE IMPACT OF WATERPAD AND DIFFERENT
IRRIGATION LEVELS ON THE YIELD, PLANT
DEVELOPMENT AND SOME QUALITY
FEATURES OF THE PEPPER
Selcuk Soylemez*
University of Harran, Faculty of Agriculture, Department of Horticulture, Sanliurfa, Turkey

ment and yield across the World. The drought stress
influences plant growth through certain anatomical,
morphological, physiological, and biochemical
changes [1]. In addition, it is one of the principal
factors that restrict crop growth and productivity
[2]. By causing stomatas to get closed, drought
decreases CO2 intake and carbon fixation. Moreover, it damages the plant by inducing oxygen radicals to reproduce in plant leaves [3]. The chlorophyll content in the plant which is exposed to
drought decreases, as well [4,5,6]. Root growth is a
continuous process, which is essential for a healthy
plant development. Thus, any retard in root growth
yields negative consequences for the growth and
functionality of aerial organs in the plant, and so
restricts plant growth [7]. In addition, the drought
stress is believed to have indirect negative impacts
on plant growth since it might increase the damages
caused by pests by enhancing their population
through changes in the nutritional value of the plant
[8].
In these contexts, it is crucial to use water
sources in arid regions in an effective way. A
healthy plant growth is ensured by providing adequate water and food substances and making them
available in growth medium. Particularly, in order
to store water in the root zone of the plants that are
grown in sandy and permeable soil, it is necessary
to irrigate at frequent intervals. However, this causes a drawback in terms of labour force, time and
cost. In recent years, some superabsorbent hydrogels and polymers have been used in various sectors. These polymers are called water-retainers
since they can retain water hundredfold as much as
their weight due to their high absorbent and inflatable capacity. These hydrophilic polymers are loosely coupled and cross bonded. The frequency of
using such polymers in agriculture has been gradually increasing in recent years. In the course of
time, these hydrogels that are used for enhancing
the efficacy of water and nutrients will be more
important in arid and sub arid regions. By increasing the efficiency of water use and the interval of
irrigation, these polymers decrease irrigation costs.
In addition, by increasing the water-retaining capacity and porosity of the soil, they ensure a better

ABSTRACT
Drought is one of the most important environmental stress factors that limit plant development and yield. Therefore, new strategies should be
launched to combat with it. One of these new strategies is the use of polymers that enable water storage in the plant root zone. In this respect, this study
aims to examine the impact of waterpad, which is
applied to the plant root zone in order to alleviate
the negative effect of drought, on the yield, plant
development and some fruit quality features. The
study was carried out with peppers, grown in perlite
and cocopeat growing medium greenhouses, and
irrigated at different levels (100%, 75% and 50%).
The study was conducted in randomized blocks in
accordance with factorial experimental designs with
three replications. As plant material, Erciyes F1
pepper variety was used. At the end of the study, it
was found that a decrease in irrigation levels results
in a reduction in the total yield, total fruit number,
fruit diameter, fruit size, fruit weight, shoot and dry
leaf weight, node number, plant length and stem
diameter. However, no significant difference was
observed between 100% and 75% irrigation levels,
depending on the substrate and analysed feature.
With the use of Waterpad, a 17.40% increase was
observed in the yield of perlite medium while, in
cocopeat medium, the rate of the increase was
2.58%. Moreover, in the waterpad-administered
plants, the vitamin C content, brix amount, and
titratable acidity content were found to be higher.
As a result, it can be suggested that waterpad be
used for lessening the unfavorable effect of drought
in places where the irrigation facilities are limited.
KEYWORDS:
Polymer, Irrigation levels, Limited water, Capsicum
annuum, Perlite, Cocopeat

INTRODUCTION
Drought is one of the most important environmental stress factors that limits plant develop-
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B
FIGURE 1
Polymer and its swollen form due to water absorption (A),
waterpad:polymer placed between two jutes (B).

plant growth. They also provide ventilation and
humidity in the soil, which in turn ensures root
development and plant strength [9]. When these
hydrogels are applied to the soil, the volumetric
water content of the soil increases. Therefore, if the
root and its surrounding begin to get dry, the soil is
gradually supplied by the retained water [9]. Under
limited irrigation conditions, polymers are found to
increase the ratio of seed germination in the soil
[10]. On the other hand, waterpad is a commercial
product that is generated by placing water-retaining
polymers between paper and jute. It is like a pad or
a sandwich (Figure 1B). In order for an easier and
more homogenous application, the polymers are
stratified and placed on the root of plant before
sowing or plantation.
This study was carried out to examine the impact of waterpad, which is applied to the plant root,
on the yield and some fruit quality features of peppers, grown in perlite and cocopeat mediums, and
irrigated at different levels.

growbags and slabs. Before plantation, the mediums were irrigated to obtain a field capacity.
Plant Material and Experiment Design. In
the study, a pepper variety called Erciyes F1 was
used. The seedlings were planted with a row spacing of 135x25 cm. In each slab, there were 4 plants.
Nutrient Solution. In this study, a nutrient
recipe, proposed by Gül (2012), was used [11]. The
electrical conductivity (EC) of the nutrient solution
was set at 2.25 dS m-1 through using an EC-meter,
and pH was adjusted to be 5.8-6.5 via nitric acid.
After plantation, all plants were cared under
normal conditions for 10 days. Later, irrigation
level application was initiated. The experiment was
designed in accordance with open feeding system.
Therefore, drained nutrient solutions were not used
again.
Before plantation, mediums for plant growing
were irrigated till they have a field capacity. The
amount of the water used in irrigation was determined in accordance with drainage volumes in
control application in which no waterpad was used.
In order to avoid salt deposit in the substrate, some
of the irrigation water should be drained. Therefore,
in each medium, 25% of the irrigation water, given
to the control plants without waterpad application,
was drained. After obtaining certain percentage
values (75% and 50%), the water was given to other
applications by flowing through the counter.

MATERIALS AND METHODS
Materials. This study was carried out on a
polycarbonate-covered greenhouse, existent in the
Department of Horticulture at the Faculty of Agriculture in Harran University, in autuumn 2016. The
experiment was conducted in perlite and cocopeat
substrates in accordance with soilless agriculture
method. Only in frost days was the greenhouse
heated in order to avoid freezing. As plant material,
Erciyes F1 pepper variety was used in the study.

Data analysis. The study was conducted in
randomized blocks in accordance with three replications factorial experimental design. In each iteration, 4 plants were used. Variance analyses for
perlite and cocopeat mediums were separately conducted. Statistical analyses of the data were carried
out through TARIST package programme. For
group comparisons, LSD test was used.

Methods. This study was carried out to examine the impact of waterpad and different irrigation
levels on the yield and some fruit quality features of
peppers, grown in perlite and cocopeat mediums.
For the study, open feeding method was employed.
Mediums. In perlite medium, perlites were
obtained by filling them into growbags sized
20x20x100 cm. On the other hand, for cocopeat
medium, cocopeat slabs were used. For polymer
application, waterpads were placed under these

RESULTS
The findings of the study that examined the
impact of irrigation levels, substrates and waterpad
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on total yield and fruit size are presented in Table 1.
The impact of irrigation level on total yield and
fruit number was found to be significant. However,
while the waterpad application was determined to
be effective in perlite medium it was found to be
unimportant in cocopeat medium. In both substrates, a decrease in irrigation levels resulted in a
decline in total yield and fruit number. For perlite
medium, 100% and 75% irrigation levels were
statistically included in the same group. In perlite
medium, the highest yield and fruit number were
obtained from waterpad application with 75% irrigation level while, in cocopeat medium, the highest
yield was acquired from the waterpad application
with 100% irrigation level.
A decline in irrigation levels caused a decrease
in fruit diameter, fruit length and average fruit
weight. However, this decline was found to be
statistically insignificant. Similarly, the impact of
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waterpad on fruit diameter, fruit length and average
fruit weight was found to be statistically insignificant. On the other hand, the impact of irrigation
level and waterpad interaction was determined to be
important for fruit weight in perlite medium, and
for fruit diameter in cocopeat medium. Whereas, in
cocopeat medium, the highest fruit diameter was
obtained from waterpad-free application with 75%
irrigation level, the highest fruit length was acquired from waterpad application with 75% irrigation level in perlite medium.
The values of total yield, fruit diameter, fruit
size, and fruit weight were found to be considerably
higher in cocopeat medium than those of the plants
grown in perlite medium.
Findings about fruit quality features and chlorophyll are presented in Table 2. As seen in the
table, the impact of irrigation levels on titratable
acidity was found to be significant for the perlite

TABLE 1
Effects of irrigation levels, waterpad and substrates on total yield, total fruit number,
fruit diameter, fruit length and fruit weight
Number of
Fruit
Total yield
total fruit
weight
Fruit diam- Fruit length
(g m-2)
(number m-2)
(g)
eter (mm)
(cm)
%100
W2907.78
332.35
15.42
14.26 ab
17.13
W+
3553.31
367.65
15.06
13.96 ac
17.30
%75
W2937.76
347.90
14.69
13.09 c
16.99
W+
3643.88
431.60
14.72
14.81 a
17.92
%50
W2623.21
290.86
14.18
14.14 ac
16.77
W+
2745.78
277.28
13.72
13.39 bc
14.94
LSD
ns
ns
ns
1.140*
ns
Perlite
Irrigation
%100
3230.54 a
350.00 ab
15.24
14.11
17.22
levels
%75
3290.82 a
389.75 a
14.71
13.95
17.46
%50
2684.49 b
284.07 b
13.95
13.77
15.85
LSD
422.746*
85.697*
ns
ns
ns
Waterpad
W2822.92 b
323.70
14.76
13.83
16.96
W+
3314.32 a
358.85
14.50
14.05
16.72
LSD
490.700**
ns
ns
ns
ns
%100
W5161.85
507.65
14.37 b
16.39
19.05
W+
5441.06
491.11
15.17 ab
16.16
19.53
%75
W4695.63
379.01
15.69 a
16.73
19.71
W+
4663.99
463.21
14.33 b
15.81
17.99
%50
W3518.45
320.25
14.47 b
15.12
17.16
W+
3614.98
343.70
15.38 ab
15.34
17.37
LSD
ns
ns
1.143*
ns
ns
Cocopeat
Irrigation
%100
5301.46 a
499.38 a
14.77
16.27
19.29
level
%75
4679.81 b
421.11 a
15.01
16.27
18.85
%50
3566.72 c
331.98 b
14.92
15.23
17.27
LSD
414.619*
81.857**
ns
ns
ns
Waterpad
W4458.65
402.30
14.84
16.08
18.64
W+
4573.34
432.67
14.96
15.77
18.30
LSD
ns
ns
ns
ns
ns
Perlite
3068.62 b
341.28
14.63 b
13.94 b
16.84 b
Cocopeat
4516.00 a
417.49
14.90 a
15.92 a
18.47 a
LSD
948.646**
ns
0.251*
0.557**
1.488*
Different letters indicate significant differences at P<0.05 by LSD test.
*,** represent P<0.05 and P<0.01, respectively; ns, not significant.
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medium. However, in cocopeat medium, the impact
of irrigation levels was determined to be important
on brix. A decrease in irrigation levels mostly results in an increase in vitamin C, TSS and pH, but a
decline in the amount of chlorophyll.
With the use of waterpad, the chlorophyll and
vitamin C, TSS, pH and titratable acidity in the fruit
were increased. However, only TSS level was
found to be statistically significant. In both mediums, the highest vitamin C and TSS amounts were
obtained from waterpad application with 50% irrigation level. The vitamin C and TSS amounts in the
fruit were found to be unimportant for the plants
grown in cocopeat medium. However, the chlorophyll was found to be considerably higher.
Findings about plant features of the pepper
grown in different mediums with the waterpad
application and different irrigation levels are presented in Table 3. According to statistical analyses,
the impact of irrigation levels on stem diameter was
found to be important in both mediums. However,
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this impact was insignificant for the node number.
A decrease in irrigation levels caused a decline in
plant length, stem diameter, dry shoot and dry
leaves weights. However, while this decline was
important in cocopeat medium, it was insignificant
in perlite medium.
Likewise, whereas the impact of waterpad usage on
dry leaves weight, node number and plant length
was determined to be unimportant in both mediums,
its impact on stem diameter was found to be important in perlite medium, but unimportant in cocopeat medium. In perlite medium, dry root weight,
dry shoot weight and plant length were increased
with waterpad application in an insignificant manner. However, dry leaves weight, node number and
stem diameter decreased in an unimportant manner.
On the other hand, in cocopeat medium, values of
dry shoot weight, node number, plant length and
stem diameter were found to have a slight increase
as a result of waterpad usage.

TABLE 2
Effects of irrigation levels, waterpad and substrates on Vitamin C, TSS, pH, TA and Chlorophyll contents
TA
Chlorophyll
Vitamin C
TSS
pH
(mg g-1)
%100
W177.50
6.57
5.67
0.17
1.12
W+
184.59
7.17
5.87
0.19
1.12
%75
W166.50
6.73
5.97
0.15
1.13
W+
185.35
6.80
6.00
0.16
1.10
%50
W179.41
6.30
5.93
0.19
0.93
W+
187.10
7.30
6.10
0.21
1.15
LSD
ns
ns
ns
ns
ns
Perlite
Irrigation levels
%100
181.04
6.87
5.77
0.18 ab
1.12
%75
175.93
6.77
5.98
0.16 b
1.11
%50
183.26
6.80
6.02
0.20 a
1.04
LSD
ns
ns
ns
0.034**
ns
Waterpad
W174.47
6.53 b
5.86
0.17
1.06
W+
185.68
7.09 a
5.99
0.19
1.12
LSD
ns
0.540**
ns
ns
ns
%100
W157.58
6.50
5.80
0.17
1.35
W+
164.48
6.77
5.70
0.17
1.34
%75
W161.54
6.80
5.77
0.18
1.32
W+
198.22
7.50
5.83
0.20
1.26
%50
W181.03
7.53
6.10
0.18
1.21
W+
179.53
7.70
5.90
0.17
1.32
LSD
ns
ns
ns
ns
ns
Cocopeat
Irrigation
%100
161.03
6.63 b
5.75
0.17
1.34
level
%75
179.88
7.15 a
5.80
0.19
1.29
%50
180.28
7.62 a
6.00
0.17
1.26
LSD
ns
0.494**
ns
ns
ns
Waterpad
W166.72
6.94
5.89
0.18
1.29
W+
180.74
7.32
5.81
0.18
1.30
LSD
ns
0.329*
ns
ns
Ns
Perlite
180.07
6.81
5.92
0.18
1.09
Cocopeat
173.73
7.13
5.85
0.18
1.30
LSD
ns
ns
ns
ns
0.146**
Different letters indicate significant differences at P<0.05 by LSD test.
*,** represent P<0.05 and P<0.01, respectively; ns, not significant.
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The plant length, stem diameter, dry root
weight, dry shoot weight and dry leaves weight
levels of the plants grown in cocopeat medium were
found to be considerably higher when compared to
those of the plants grown in perlite medium.
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since the plants are not adequately irrigated due to
limited water sources, the yield decreases [12].
Similarly, it is claimed that the drought stress decreases the yield by impairing growth parameters
[13]. However, it is argued that the SAP (super
absorbent polymer) application might decrease the
negative impact of the limited irrigation [12].
Moreover, by obtaining an increase in the yield, the
SAP costs might be covered under not only drought
stress conditions but also adequate irrigation levels
[13].

DISCUSSION
There are many studies about the impact of
polymer application on growth parameters of some
plants. For example, Taheri et al. (2017) argue that

TABLE 3
Effects of irrigation levels, waterpad and substrates on node number, plant length, stem diameter, dry
weight of root, shoot and leaves
Node
Plant
Stem
Dry
number
Dry root Dry shoot
length
diameter
leaves
(number
weight
weight
(cm)
(mm)
weight
plant-1)
%100
W19.58
104.67
12.71
4.14 a
44.73
36.47
W+
21.00
102.75
11.26
2.87 ab
45.98
26.72
%75
W21.17
96.42
10.66
2.25 b
38.66
29.72
W+
19.42
112.58
10.65
2.25 b
47.44
21.22
Perlite
%50
W20.58
106.83
10.44
1.82 b
42.25
21.23
W+
19.00
98.50
10.11
4.34 a
36.11
21.67
LSD
ns
ns
ns
1.589*
ns
ns
Irrigation
levels
%100
20.29
103.71
11.98 a
3.51
45.35
31.59
%75
20.29
104.50
10.66 b
2.52
43.05
25.47
%50
19.79
102.67
10.27 b
3.08
39.18
21.45
LSD
ns
ns
0.964**
ns
ns
ns
Waterpad
W20.44
102.64
11.27 a
2.74
41.88
29.14
W+
19.81
104.61
10.67 b
3.15
43.18
23.20
LSD
ns
ns
0.554*
ns
ns
ns
%100
W20.83
126.00
15.63 a
8.29
87.89
81.56 a
W+
21.00
135.67
14.53 ab
7.04
101.08
65.65 b
%75
W19.39
129.83
12.94 c
4.06
98.02
57.85 bc
W+
19.67
137.00
13.44 bc
4.22
107.28
49.76 cd
Cocopeat
%50
W17.83
120.25
10.99 d
7.60
76.43
20.34 e
W+
18.75
110.17
13.29 bc
5.74
82.95
39.13 d
LSD
ns
ns
1.441*
ns
ns
15.684*
Irrigation
levels
%100
20.92
130.83 a
15.08 a
7.66 a
94.49 b
73.603 a
%75
19.53
133.42 a
13.19 b
4.14 b
102.65 a
53.807 b
%50
18.29
115.21 b
12.14 b
6.82 a
79.69 c
29.735 c
LSD
ns
15.257**
1.448**
1.355**
6.180**
15.766**
Waterpad
W19.35
125.36
13.19
6.75
87.44 b
53.25
W+
19.81
127.61
13.75
5.67
97.10 a
51.51
LSD
ns
ns
ns
0.790*
5.046**
ns
Perlite
20.13
103.63
10.97
2.95 b
42.53 b
26.17 b
Cocopeat
19.58
126.49
13.47
6.21 a
92.27 a
52.38 a
LSD
ns
13.295**
1.700**
1.639**
19.893**
9.823**
Different letters indicate significant differences at P<0.05 by LSD test.
*,** represent P<0.05 and P<0.01, respectively; ns, not significant.
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On the other hand, the plant length, stem diameter and dry fruit weight have a negative correlation with irrigation levels. Generally, waterpad use
increases these values, depending on the medium.
In a study carried out by Akhter et al. (2004), it is
argued that as a result of an increase in SAP rates,
water storage of the soil increases, resulting in an
increase in shoot length and dry shoot weight of
wheat and barley [14]. Similarly, in another study,
it is demonstrated that, through polymer application, fresh and dry shoot weight of cucumber seedlings are increased when compared to control implementation [15]. It is also claimed that, under
drought conditions, polymer application increases
root, leaf, shoot and dry plant weights of eucalyptus
and enhances water use efficiency. The SAP application is further found to be effective against
drought stress and therefore it can enhance plant
growth parameters [16]. Sayyari and Ghanbari
(2012) demonstrate that water stress decreases
growth parameters (stem diameter, plant length,
fresh and dry root weights, fresh and dry shoot
weights) and the yield [13]. They also argue that the
SAP application decreases negative impacts of
limited irrigation. Likewise, GünHú HW DO  
argued that an increase in SAP doses results in a
rise in dry matter and chlorophyll content of the
corn, which are often decreased due to limited irrigation [17]. Ingram and Yeager (1987) claim that
an increase at irrigation intervals decreases plant
length, shoot and dry root weight of Ligustrum
japonicum [18]. However, they further argue that
SAP doses do not affect shoot and dry root weight
although they decrease plant length. Similarly,
Jalilian and Mohsennia (2013) illustrate that, under
limited irrigation conditions, dry shoot weight,
plant length and SPAD levels of the barley are
considerably decreased [6]. But, it is also demonstrated that SAP use does not much change dry root
weight, dry shoot weight, plant length and SPAD
levels. On the other hand, in a similar study, it is
revealed that an increase in both irrigation and SAP
amount have a positive impact on growth parameters for tomato [19].
The findings of our study comply to the
above-mentioned studies. For, findings of the study
demonstrate that a decline in irrigation levels causes a decrease in the yield and fruit number. Similarly, in our study, it is also illustrated that, via waterpad application, a significant increase was obtained
in the yield – particularly in that of perlite medium.
Mediums may also influence plant growth and the
yield. Growth parameters, fruit number and the
yield of the plants grown in cocopeat medium are
found to be better than those of the plants in perlite
medium. Similarly, fruit length, fruit diameter and
average fruit weight are correlated with irrigation
levels. Therefore, an impairment in growth might
be stemming from limited irrigation. The first reaction of the plant to limited irrigation is a decrease in
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turgor pressure in the leaves. In addition, in order to
cope with drought, the leaf contracts, which results
in a poor absorption of the light that is necessary for
photosynthesis. As a result, dry matter produce and
the yield decrease. Stomatas are the gaps that enable gas transfer which is necessary for photosynthesis. Under dry conditions do the plants close their
stomatas to decrease water loss. However, closing
stomatas impairs the gas transfer, which results in a
decrease in the ratio of photosynthesis and an impairment in plant growth and the yield. The highest
Vitamin C content was obtained from the implementation where irrigation opportunities are mostly
limited. However, in perlite medium, a decrease at
irrigation levels caused an increase in pH and titratable acidity content of the fruit, but a decline in
chlorophyll content of the leaf. On the other hand,
in cocopeat medium, a decline at irrigation levels
resulted in an increase in the brix of fruit juice ad
pH level, but a decrease in chlorophyll content. As
a result of the waterpad application, all fruit quality
parameters are found to be increased. Due to the
waterpad, the amount of the water retained in the
medium increases. Therefore, since moisture fluctuation is prevented, plant growth and fruit quality
are enhanced.
CONCLUSION
The present study aimed to examine the impact of waterpad, which is applied to the plant root
in the shape of a pad, on the yield and some fruit
quality features of the peppers, grown in perlite and
cocopeat mediums at different irrigation levels.
According to the findings of the study, it can be
claimed that a decrease in irrigation levels results in
a decline in the yield. However, the waterpad application increased the yield in the plants that had
water limitation or no water limitation. This increase can be seen more clearly in perlite medium.
Therefore, it is argued that the use of waterpad
(SAP) can be a good strategy in struggling with
water stress that stems from limited water source or
drought.
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quickly evaluate wood properties. Therefore, several
studies have been carried out to develop effective
methods that can quickly yield results in such determinations. Fourier Transform Infrared Spectroscopy
(FTIR) spectra is a recently developed method used
to determine the physical and chemical properties of
the tree and has been widely studied in the literature
[5-9]. Due to its rapid and non-destructive nature,
FTIR spectroscopy has become a popular method for
density determination and chemical analysis [10].
Therefore, FTIR spectroscopy has found the widest
application in the agricultural and food industry [11].
The structure of wood has been studied in many
studies based on vibrational spectroscopic techniques [12]. In all of these techniques, the molecular
structure of wood can be directly analyzed without
strenuous preparation. Thus, it is possible to obtain
information about the molecular level interactions
between wood polymer components in their natural
state. Moreover, these techniques are both time-saving and non-destructive [5-9]. Appropriate techniques for the rapid assessment of physical properties (density and grain angles [13]) are rapidly evolving. With researches, the use of absorbance bands
corresponding to functional groups in biomass materials and the presence of the relationship between the
bands and their chemical components is increasing
[14]. With FTIR spectrum, the characteristic absorption bands of C-O, O-H, C-H and N-H groups, especially in the chemical structure of the wood material,
can be determined quickly and analyzed clearly [12].
The success of the analysis is to establish a linear relationship between chemical components and density in the structure of the tree [15].
This paper describes the development of empirical models using projection to estimate the density
of Cedrus libani A. Rich wood from FTIR spectrum
of wood samples using principal component analysis.

ABSTRACT
The aim of this study was to measure the wood
density of Cedrus libani A. Rich. samples from its
Fourier Transform Infrared Spectroscopy spectrum.
40 density values were obtained by using 3600 properties belonging to C. libani tree in laboratory environment. Since 1045 properties between 832-1876
from 3600 properties were found to be sufficient to
determine the density, 1045 data between 832 and
1876 were used for training and testing of the network. Data used as attribute were normalized between 0.1 and 0.9. 20% of the data were used as the
test set and the remaining 80% of the data are used
as the training set. This analysis indicated that Fourier Transform Infrared Spectroscopy combined with
Artificial Neural Network can be used to measure the
density of wood in less effort and in less time than
other laboratory methods.
KEYWORDS:
Artificial neural network, Cedrus libani, Fourier transform
infrared spectroscopy, wood density

INTRODUCTION
Density is one of the characteristics that gives a
quick information about the physical and chemical
properties of wood materials. Conventional methods
used for determination of chemical contents (cellulose, hemicellulose, lignin and extractives) as well as
density determination require destructive methods
and are time consuming [1-3]. Conventionally, density and chemical content determination methods are
used to perform statistical analyses on samples taken
from different regions in the forest [4]. This is particularly true for determining chemical properties using conventional chemical analysis methods involving long and tedious procedures [1-3].
New methods should be developed to analyze a
large number of samples with minimum delay and to
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samples determined density were processed with a
Retsch SK1 mill for FTIR analysis and passed
through 40-100 mesh sieves. FTIR spectra were
recorded on a Perkin Elmer (Spectrum BX)
spectrometer in the wavelength range from 4000 and
400 cmí (Figure 1).

MATERIALS AND METHODS
Sample Preparation. The samples were
FROOHFWHGIURPUDQGRPO\VHOHFWHGDUHDVLQ(OPDOÕDQG
Finike district of Antalya for this study. The height
of the test trees varies from 14.8 to 16.2 meters, the
diameter ranges from 35 to 65 cm and the age of the
test trees ranges from 30 to 55 years. Samples were
taken by removing 1 m trunk parts of the test trees
from heights of 2-4 m. Test samples of 2 x 2 x 3 cm
for density determination were cut from these
samples. 30 test samples of juvenile wood and 30 test
samples of mature wood were prepared. Test
samples were prepared to be smooth fibrous,
knotless, without cracks and defects. After predrying, the samples were stored in the airconditioning chamber until they reached 65 ± 5%
relative humidity and 12 ± 2% equilibrium humidity
at 20 ± 2 ºC and their density was measured. The

Artificial Neural Network. Although Artificial Neural Network (ANN) algorithm dates back to
the 1950s, it has become one of the popular machine
learning algorithms especially in recent years. ANN
is frequently used in problems such as text/sentiment
analysis, image processing, sound analysis and autonomous driving. ANN can perform clustering,
classification, pattern recognition and prediction in
many disciplines.
ANN is a computational model inspired by the
working principle of brain cells [16]. As shown in
Figure 2, it consists of perceptrons (nodes) that collect the signals received and generate an output.

FIGURE 1
Typical FTIR spectra of Cedrus libani A. Rich. wood samples
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The perceptrons are interconnected and each
connection has a weight value (wi), as indicated in
Figure 3. Perceptron output value is linear. On the
other hand, since this value is in the form of [iwi,
it has a structure that can be big values. Therefore,
the node is passed through the activation function to
convert the output values to a nonlinear shape and to
draw these values to a certain range. Although there
are many different ANN structures in the literature,
the multi-layer ANN architecture is used in our problem.
A typical ANN structure consists of three layers, called the input layer, hidden layer, and output
layer. The number of input and output layer nodes
depends on the nature of the problem. For instance,

Output Layer

our data set has got 1045 attributes so the number of
input layer occur 1045 nodes. The number of hidden
layers can be one or more. There are no rules about
how many hidden layers to use, it differs according
to the problem. The problem is solved with different
number of hidden layers to determine the most appropriate value. Another case is the number of nodes
on hidden layers. There is no specific rule for determining this number. Grid search or random search is
tried to be determined by.
(1) Activation Function. There are many different activation functions used in the literature. Figure 4 shows the most commonly used activation
functions:

a. Sigmoid Function:
ଵ
݂(= )ݔ
షಿ
ଵା

݂()ݔ

b. Hiperbolik Tanjant Function (Tanh):
݂(= )ݔ

 ಿ ି  షಿ
 ಿ ା  షಿ

݂()ݔ

c. Rectified Linear Unit (ReLU) :
݂( > )ݐ݁ܰ(݂ ݂݅ )ݔ0
݂( = )ݔ൜
0
݂݅ ݂(ܰ݁ )ݐ 0

ݔ
݂()ݔ

d. Leaky Rectified Linear Unit (Leaky ReLU) :
݂( > )ݐ݁ܰ(݂ ݂݅ )ݔ0
݂( = )ݔ൜
ܽ ݂( )ݐ݁ܰ(݂ ݂݅ )ݔ 0

y=0.01x

FIGURE 4
Activation functions
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TABLE 1
Laboratory measurement information of Cedrus libani A. Rich. wood samples
Attribute ( gr/cm3)
Wood Density
4000
3999
3998
3997
…
402
401

400

0,444113198

55,17

55,17

55,17

55,16

…

55,37

53,76

52,53

0,449684211

69,65

69,65

69,64

69,64

…

69,51

68,29

67,32

72,62

…

70,57

69,66

69,34

0,444332405

72,62

72,62

72,62

0,467568338

66,69

66,7

66,7

66,7

…

64,8

64,1

64,08

0,472610097

65,46

65,45

65,45

65,45

…

64,56

63,67

63,46

0,452662268

72,73

72,73

72,72

72,72

…

70,86

69,45

69,07

74,63

…

73,65

72,64

72,15

0,447699653

74,64

74,63

74,63

0,458361648

58,37

58,37

58,36

58,36

…

57,51

56,71

56,35

0,442526316

68,31

68,3

68,3

68,3

…

67,86

67,04

66,57

0,454947368

71,69

71,69

71,69

71,69

…

70,8

70,23

69,95

72,4

…

73,03

72,42

71,94

0,483594798

72,4

72,4

72,4

0,471294855

67,69

67,68

67,68

67,67

…

65,58

64,17

63,79

0,468445165

63,55

63,55

63,55

63,54

…

62,25

61,58

61,15

0,449194415

56,22

56,22

56,22

56,22

…

54,52

54,05

54,32

73,82

…

72,95

72,14

72,03

0,468743287

73,83

73,82

73,82

0,478967097

70,08

70,07

70,07

70,06

…

68,07

67,18

66,93

0,43211162

56,81

56,81

56,8

56,8

…

56,37

55,62

55,3

0,455511958

73,28

73,28

73,27

73,27

…

73,2

72,46

72,24

71,28

…

70,51

70,15

70,09

0,454947368

71,29

71,29

71,27

0,478183301

65,36

65,37

65,35

65,36

…

64,74

64,59

64,83

0,478183301

65,64

65,65

65,63

65,63

…

63,81

62,49

61,96

0,497434052

72,49

72,48

72,49

72,49

…

70,66

69,98

70,12

60,19

…

59,31

58,81

58,68

0,43211162

60,19

60,2

60,19

0,451362371

69,12

69,1

69,1

69,09

…

65,5

63,89

63,88

0,468743287

66,5

66,49

66,49

66,5

…

65,22

64,61

65,2

0,481164339

69,11

69,12

69,1

69,12

…

69,62

69,55

69,93

71,63

…

72,2

70,6

69,47

0,444113198

71,64

71,64

71,64

0,456534251

72,62

72,62

72,62

72,62

…

70,57

69,66

69,34

0,447699653

67,79

67,8

67,77

67,77

…

66,8

65,15

63,99

0,466950404

75,43

75,39

75,4

75,4

…

71,41

69,69

70,4

72,78

…

67,01

64,75

65,67

0,466950404

72,82

72,76

72,79

0,456726593

68,77

68,78

68,75

68,76

…

65,17

64,21

63,86

0,43211162

67,83

67,79

67,82

67,82

…

63,92

63,35

65,09

0,42188781

71,88

71,77

71,86

71,84

…

65,76

63,89

66,9

71,02

…

71,73

69,18

64,01

0,434308863

71,04

71,04

70,97

0,446729915

70,15

70,05

70,11

70,03

…

70,76

70,87

70,41

0,436506105

68,81

68,77

68,8

68,81

…

62,29

62,41

64,96

0,413270173

71,84

71,78

71,81

71,79

…

68,64

65,69

65,8

62,72

…

62,14

61,18

60,56

74,76

…

74,2

73

70,8

0,425691225
0,413270173

62,74
74,77

62,73
74,81

62,72
74,75
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The sigmoid function output value is bounded
in the range [0,1]. Therefore, it ignores negative values. Another point is that after a few derivatives of
the sigmoid function, the derivative result will converge towards zero (the vanishing gradient problem).
The Tanh function output value ranges from -1 to 1,
so that it takes into account negative data. However,
as in sigmoid, convergence towards zero is also present here. The ReLU activation function is used to
avoid convergence to zero. This function can be calculated very quickly when giving linear output for
positive values, but ignores negative values. The
Leaky ReLU activation function can be used to allow
ReLU to leak negative values to a certain extent.

ܴ)ܧܵܯܴ( ݎݎݎܧ ݀݁ݎܽݑݍܵ ݊ܽ݁ܯ ݐ

ୀଵ

(3)
where p is the predicted value, y is the actual
value.
RESULTS AND DISCUSSION
40 density values were obtained by using 3600
properties of C. libani tree in the laboratory (Table
1). The absorbance values in the range of 1887 and
843 cm-1 were used for training and testing of the
network (Figure 1). The density values of the data
were rounded to three digits after the comma. The
dataset was normalized between [0.1, 0.9]. 80% of
the dataset was assigned as the training set while
20% of the dataset was assigned as the testing set.
The initial weight values of the network were
determined randomly. No dropout was needed during learning. The hyper parameters used in the network are given in Table 2.
ANN was tested with different network models
to obtain the best performance with the most economical network structure (Table 3). Thus, the complexity of the network and the computations will be
reduced, increasing the possibility of operating on
simple devices (such as microcontroller) of a smaller
scale (RAM, CPU, etc.). Since the output data set is
continuous, it is not appropriate to carry out analyzes
such as validity and consistency with the help of confusion matrix.



= )ܧܣܯ( ݎݎݎܧ ݁ݐݑ݈ݏܾܣ ݊ܽ݁ܯ

1
൫ห െ  ݕ ห൯
݊
ୀଵ

Optimizer

Learning
Rate

SDG

0.001

NN1
NN2
NN3
NN4
NN5
NN6
NN7
NN8



1
= ඩ ( െ  ݕ )ଶ
݊
మ

(2) Loss Function. ANN learning is the process of calculating the weight values that get the output values (feed forward) as close as possible to the
expected actual value. The amount of difference (error) between the output value obtained and the actual
value is reflected back to the weight values of the
network and the weight values are changed (back
propagation). The output error amount can be measured with the various types of loss functions (Mean
Squared Error-MSE, Mean Absolute Error-MAE,
Root Mean Squared Error-RMSE, etc.). In Equations
(1), (2) and (3), MSE, MAE, RMSE are given, respectively. The loss function value is a parameter
that affects learning because it will be reflected back
to the weight values of the network.
= )ܧܵܯ( ݎݎݎܧ ݀݁ݎܽݑݍܵ ݊ܽ݁ܯ

ଵ
ୀଵ( െ  ݕ )ଶ
(1)


Fresenius Environmental Bulletin

(2)

TABLE 2
Hyper parameters of ANN model
Hidden Layer
Activation
Decay
Momentum
Epoch
Function
0.0001
0.6
1000
ReLU

TABLE 3
Various ANN model for training and testing process
Model
Training Loss Function
Test MSE
1045-520-1
Figure 5(a)
0.023
1045-260-1
Figure 5(b)
0.020
1045-180-1
Figure 5(c)
0.021
1045-90-1
Figure 5(d)
0.022
1045-45-1
Figure 5(e)
0.023
1045-22-1
Figure 5(f)
0.020
1045-11-1
Figure 5(g)
0.022
1045-6-1
Figure 5(h)
0.035

3145

Output Layer
Activation
Function
Sigmoid

© by PSP

Volume 30– No. 04/2021 pages 3141-3148

Fresenius Environmental Bulletin

(b)

(a)

(d)

(c)

(f)

(e)

(g)

(h)
FIGURE 5
Training loss function (a) model NN1, (b) model NN2, (c) model NN3, (d) model NN4, (e) model NN5, (f)
model NN6, (g) model NN7, (h) model NN8
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[6] Meder, R., Gallagher, S., Mackie, K.L., Bohler,
H., Meglen, R.R. (1999) Rapid determination of
the chemical composition and density of Pinus
radiata by PLS modelling of transmission and
diffuse
reflectance
FTIR
spectra.
Holzforschung. 53, 261-266.
[7] Haukson, J.B., Bergqvist, G., Bergsten, U.,
Sjostrom, M., Edlund, U. (2001) Prediction of
basic wood properties for Norway spruce. interpretation of near infrared spectroscopy data using partial least squares regression. Wood Science and Technology. 35, 475-485.
[8] Kelley, S.S., Rials, T.G., Snell, R., Groom, L.,
Sluiter, A. (2004) Use of near infrared spectroscopy to measure the chemical and mechanical
properties of solid wood. Wood Science and
Technology. 38, 257-276.
[9] Yasar, S. (2010) Fourier transform infrared
spectroscopic estimation of residual lignin content in wood holocellulose (Pinus brutia Ten.)
using artificial neural network modelling. Asian
Journal of Chemistry. 22(4), 2853-2860.
[10] Wesley, I.J., Larroque, O., Osborne, B.G.,
Azudin, N., Allen, H., Skerritt, J.H. (2001)
Measurement of gliadin and glutenin content of
flour by NIR spectroscopy. Journal of Cereal
Science. 34, 125-133.
[11] Delwiche, S.R. (1998) Protein content of single
kernels of wheat by near-infrared reflectance
spectroscopy. Journal of Cereal Science. 27(3),
241-254.
[12] 8QHU%.DUDPDQø7DQULYHUGL, H., Özdemir,
D. (2009) Prediction of lignin and extractive
content of pinus nigra arnold. var. pallasiana
tree using near infrared spectroscopy and multivariate calibration. Journal of Wood Chemistry
and Technology. 29(1), 24-42.
[13] Evans, R., Downes, G., Menz, D., Stringer, S.
(1995) Rapid measurement of variation in tracheid transverse dimensions in a radiata pine
tree. Appita Journal. 48(2), 134-138.
[14] Schwanninger, M., Rodrigues, J.C., Gierlinger,
N., Hinterstoisser, B. (2011) Determination of
lignin content in Norway spruce wood by Fourier transformed near infrared spectroscopy and
partial least squares regression. Part 1: Wavenumber selection and evaluation of the selected
range. Journal of Near Infrared Spectroscopy.
15, 319-329.
[15] Li, X., Sun, C., Zhou, B., He, Y. (2015) Determination of hemicellulose, cellulose and lignin
in moso bamboo by near infrared spectroscopy.
Scientific Reports. 5, 1-11.
[16] Suzuki, K. (2011) Artificial neural networks methodological advances and biomedical applications. InTech series of numerical analysis and
scientific computing, Rijeka, Croatia

CONCLUSION
In this study, the determination of the wood
density of Cedrus libani A. Rich. from FTIR test
data was estimated by multilayered ANN. For this
purpose, different ANN parameters were tried with
different hyper parameters and the most suitable
structure was tried to be obtained. When using SDG
as the learning algorithm and 1045-22-1 as the network architecture, the test data was estimated with
an error of 2%. Since the actual output data is continuous, the analysis such as validity and consistency
which can be obtained with the help of confusion
matrix has not been performed. The output error
amount is considered as the performance criterion of
the network. The proposed approach can be considered as a time-saving, non-destructive and alternative way.
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ABSTRACT

INTRODUCTION

A phytosociological survey was carried out
during 2014-2016 using a stratified random sampling design at 15 different localities in Kotli District, AJK Pakistan. Quantitative data on species
composition and environmental variables were collected from 450 quadrats. Based on cluster analysis,
three different plant associations were recognized
viz subtropical scrub forest association, subtropical
pine forest association and subtropical broad leaf humid association which are clearly separated on a two
dimensional Detrended Correspondence Analysis
(DCA) diagram. The number of plant species per
site varied from 17 to 47; Shannon and Simpson diversity indices were 1.83-3.19 and 0.75-0.95 respectively; Menhinick and Margalef species richness
values were between 0.68-1.35 and 2.48-5.95 respectively, Equitability values between 0.65-0.90
and Evenness values between 0.37-0.71. DCA and
Canonical Correspondence Analysis (CCA) indicated altitude and aspect to be the main determinants
of the plant species distribution patterns and classification and grouping of vegetation into different associations. CCA indicated that both species diversity
and richness showed strong correlations with altitude
as well as aspect and grazing intensity. All the forest
stands were immature (33.8-54.7%) with average
tree density varying between 280 to 2060 ha-1, and
basal area between 1.99-19.18 m2/ha-1. The results
clearly reflect the deteriorating forest structure in
this region, demanding urgent conservation
measures involving effective participation by local
communities.

Vegetation structure reflects habitat, climate,
edaphic factors and other prevailing environmental
conditions [1-3]. Many of these components have a
direct relation with each other so the associated components will change due to change in any of one
component [4-5]. In mountainous areas, regional climate and geographical/topographical factors like elevation, slope and aspect play major roles in structuring vegetation composition [6-10]. Grazing intensity can also be an important determinant in the distribution pattern of plant species and have a direct
impact on the floral diversity of an area [6-7, 11].
The examination of vegetation-environment relationships has always been a central issue in ecology
[12-13] while phytosociology, which itself is a discipline of the plant sciences, addresses the specifics
of floristic composition, structure and the development of plant communities through the interrelationships between species [14]. A number of different
effective methods have been provided by this discipline which are helpful in vegetation mapping, evaluation of ecosystem services, understanding of vegetation-environment relationships and conservation
of biodiversity [2, 6, 15-17]. Different multivariate
statistical techniques such as Cluster Analysis [18],
Detrended Correspondence Analysis (DCA) and Canonical Correspondence Analysis (CCA) [19] have
contributed to the advancement of phytosociology.
Cluster analysis is a classification technique that is
used to classify ecological communities and to
merge them into groups or associations [1]. DCA applies an indirect gradient eigen vector technique to
focus on the analysis of species distribution patterns
[20-21]. It produces the result without distortion as
only species data matrices are required for DCA
analysis. In contrast, CCA is a direct gradient analysis technique in which the plant species distribution

KEYWORDS:
Species composition, Diversity, Richness, Vegetation-environment relationship, DCA, CCA
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is controlled by environmental factors and is used to
determine relationships among them [22-26]. This
latter technique combines regression analysis with
either correspondence analysis or reciprocal averaging. In combination, these techniques can be particularly helpful in the definition of syntaxa and their
environmental interpretation [1, 27].
The productivity and health of any ecosystem
is strongly reflected by the plant biodiversity [28].
The precise measurement of biodiversity can, therefore, lead to a better understanding of the processes
involved in the organization of plant communities
and their developmental changes in both time and
space [29-30]. In addition, measures of species diversity and richness may reflect the impact of different factors such as deforestation, overgrazing and
other environmental stressors to the susceptibility of
species which will lowers the species richness and
diversity [31-32]. These measures are also directly
correlated with spatial heterogeneity, evolutionary
time and stability [33]. Thus assessment of vegetation biodiversity and its different components, along
with knowledge of vegetation environment relationships are a prerequisite for ecosystem management
and biodiversity conservation, particularly where
there is environmental disturbance, e.g. due to deforestation or urbanization.
The Azad Jammu and Kashmir State of Pakistan has a diversity of climatic, edaphic and ecological zones with a rich plant diversity. Some previous
studies on vegetation composition and community
structure have been carried out in different parts of
this region by various researchers [1, 5,7,26, 30, 3342]. However despite the number of studies and the
potentially diverse sub-tropical forest vegetation in
this area, district Kotli has not been subject to vegetation assessment using advanced multivariate approach. Previous studies were limited either just to
inventories of local flora or their quantitative attributes such as density, frequency cover and importance
value. Moreover the forests in this region are highly
disturbed both by anthropogenic and natural activities. Therefore the present research work was conducted with the objectives of determining the vegetation structure, the spatial patterns of plant species
diversity and richness, and the vegetation-environment relationships of the forest vegetation of the Kotli District using a range of appropriate multivariate
techniques. Beyond providing the first detailed phytosociological description of the vegetation, this information will be important in providing a base line
for effective plant conservation strategies in support
of sustainable management of natural resources, particularly with regard to limiting anthropogenic disturbances.
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MATERIALS AND METHODS
Study area. Kotli District, Azad Jammu and
Kashmir is situated in Pakistan some 130 km to the
north of the capital, Islamabad (73°.47.180´ E to 74°
04.613´ E longitude; 33° 23.069´N to 33° 29.344´ N
latitude and altitude range 450 m to 1900 m). A map
showing the location of the different study sites was
produced by using Arc-GIS (Figure 1).The District
is mountainous and has an area of about 1860 km2.
It is surrounded by Bimber and Mirpur on the southern side, Rawalpindi and Mirpur on the western side,
Sudhonooti and Poonch on the northern side and Rajori on the east. The climate of the area varies from
dry sub-tropical to subtropical humid [42] with 96
mm mean monthly precipitation. The most extreme
precipitation happens amid July adding up to 252
mm, while the slightest precipitation happens amid
November adding up to 14 mm. The most blazing
months of the year are June and July, with mean
every day maximum temperatures of 37.7°C and
34.8°C respectively and minimum temperatures of
23.6°C and 23.6°C respectively, while December
and January are extremely cold with mean maximum
temperatures of 20.0°C and 18.1°C respectively and
minimum temperatures of 5.5°C and 4.4°C respectively. The mean minimum and maximum relative
humidity in the area are 30.8 % and 79.6% respectively (Source: Pakistan Meteorological Department,
Lahore ) [1, 33].
Field sampling. Field sampling was carried out
during spring and Monsoon 2014-2016 by following
specific locality procedures [7, 43-44]. Fifteen sites
were selected based on altitude, aspect and physiognomy of the vegetation (). A quadrat method was
used for vegetation sampling using 1×1 m2 for herbs,
5×5m2 for shrubs and 10×10m2 for trees. At each
sampling site, five quadrats were laid out for trees,
10 for shrubs and 15 for herbs. A total of 450 quadrats were recorded at 15 different sites. Density, frequency and cover of each species were recorded in
each quadrat following the methods of MuellerDombois & Ellenberg [45] and absolute values were
converted into relative values. The relative density,
frequency and cover data were subsequently combined to obtain an importance value [46]. Five different soil samples were taken at each site at a depth
of 15 cm and then mixed to make a composite sample. Different physico-chemical properties of the soil
were subsequently measured in the “soil and water
testing laboratory Rawalpindi” namely organic matter, saturation, pH, electrical conductivity, texture,
and amounts of available phosphorus, potassium and
calcium carbonate, all determined by using standard
methods [47-48]. Altitude and the geographical coordinates of each site were measured using a Global
Positioning System (GPS) while slope and aspect
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TABLE 1
Site characteristics of Kotli District, Azad Jammu & Kashmir, Pakistan.
Location
Site code Altitude (m) Aspect
Slope
Longitude N°.
Site 1
473
SW
72
33N 23.069’
Jandi Gala
Site 2
587
W
40
33N 27.883’
Maneela
Site 3
593
N
40
33N 26.848’
Seh mandi
Site 4
667
S
52
33N 28.652’
Kurti
Site 5
687
E
44
33N 25.268’
Dana
Site 6
757
SW
63
33N 31.219’
Chitti Bakri
Site 7
847
SW
58
33N 27.334’
Nar mahando
Site 8
850
NE
47
33N 24.853’
Mansuh
Site 9
919
SW
58
33N 29.410’
Allan
Site 10
1125
NW
49
33N 30.745’
Powarmora
Site 11
1233
N
53
33N 28.441’
Supply
Site 12
1550
NW
52
33N 28.564’
Pir lasoor_I
Site 13
1704
N
54
33N 29.344’
Pirkalanjar
Site 14
1725
N
68
33N 28.379’
Pirlasoora II
Site 15
1897
N
55
33N 28.169’
Pir Lasoora III
were determined using a Suunto Tandem survey
master clinometer and compass. Grazing intensity at
each examined site was measured at scale of 1-3
(low, moderate and high ) by observing important
visual indicators of grazing activity such as cattle
droppings, browsed vegetation, trampling trails and
hoof marks[6, 49 ]. Soil erosion was recorded on a
scale of 1-4 (low, moderate, high and severe) by observing the recent signs of erosion including absence
of vegetation cover, gullies and water channels [49].

ଶ

I. S = 1 െ
where C is the sum of the least imା
portance value of species common on two sites/communities, A is the importance value of all the species
in the community A and B is the importance value
of all the species in community B.
Quantitative data for 450 quadrats and 202 species from 15 different study sites were subjected to
multivariate analysis. Both cluster analysis and ordination techniques were used for grouping of vegetation and determining interrelationships between
plant species distribution patterns and underlying environmental gradients. The importance value of
each species was used for the quantitative analysis
of the vegetation as this is the most popular method
for data evaluation according because it provides
more information about dominance and distribution
of plant species in a community rather than using
single attributes like density, frequency or cover [2,
34, 45, 57-58].
For classification and grouping Ward’s Hierarchical
agglomerative clustering technique was employed in
statistical software PC ORD version 5.0 [59-60]. The
whole data was then subjected to ordination techniques without down weighting the rare species in
statistical software CANACOO version 5.00 [19].
DCA was performed to check for faithfulness of various associations/groups and to explain the ecological gradient for the plant association or habitat type
identified by cluster analysis. CCA was used to test
the relationship of environmental factors to the species composition of the vegetation data, to see
whether the clustering pattern was due to measured
environmental variability or something else. Monte
Carlo Permutation test was used to test the explan
atory power (strength) of each environmental variable (reduced model, 4999 permutations). The most
important variables were detected by manual of forward selection.

Data Analysis. The importance value was calculated following the Curtis and McIntosh index by
ܴ = ܫܸܫ.  ܦ+ ܴ.  ܨ+ ܴ. ܥ. where IVI is importance
value index, R.D is relative density, R.F is relative
frequency and R.C is relative canopy cover [46]. The
plant species diversity was calculated using the

 ()
) where n
Shannon index [50] by,  = ܪσ( ×
ே

Latitude E°
73E 47.636’
73E 55.960’
73E 49.445’
73E 54.608’
73E 58.453’
73E 55.501’
73E 47.180’
73E 56.708’
73E 58.376’
73E 55.661’
73E 59.918’
74E 04.383’
74E 04.613’
74E 04.263’
74E 04.001’

(ே)

is the number of individuals of the of ith species, N
is the total number of individuals of all species and
ே(ேିଵ)
and the Simpson index [51] by D = 1 െ
σ(ିଵ)

where n is the number of individuals of a species,
and N is the number of individuals of all species.
Species richness was calculated following Margalef
ௌିଵ
where R is richness, S is toindex [52] by ܴ =
 ()

tal number of species, n is the total number of individuals of all the species and Mehenick index [53]
ୗ
where d is richness, S is total number of
by ݀ =
ξே
all the species and N is the total number of individuals of all species. Evenness was calculated using the
ுᇱ
where E is
equation of Pielou [54] by = ܧ
୪୬(ௌ)

evenness, H’ is the Shannon index and S is the total
number of species in a stand. The maturity was comி
puted following Pichi – Sermollis [55] by = ܯ
ௌ
whereas M is the maturity index, F is the total frequency of all the species in a community and S is the
total number of species in that community. A similarity index was computed after Sorenson [56] by
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TABLE 2
Phsico -chemical Properties of Soil of different localities of Kolti District, Azad Jammu & Kashmir.
Associations

Altitude
(m)

Saturation
(%)

Texture

pH

EC
(dsm-1)

OM
( %)

P
(mg Kg1)

K
(mg Kg1)

CaCo3
(mg Kg1)

Dry Subtropical
Association

473-919

32-56

Loam-clay
loam

7.00 -7.27

0.55-0.93

0.623.45

5.8-8.5

140

9-12.1

593-1233

32-61

Loam

6.60-7.18

0.39-0.70

0.521.90

5.3-7.3

120-180

7.712.12

1550-1897

28-52

Clay loamSandy Loam

6.02-7.51

0.38-0.60

1.714.25

7.4-8.5

120-160

7.3-10.3

Subtropical Coniferous association
Sub-Tropical Humid
Association

Key: EC= Electrical conductivity; OM= Organic matter; P = Available Phosphorus; K = Potassium; CaCo3= Calcium carbonate

FIGURE 1
Map of District Kotli (produced by Arc GIS) showing location of study sites
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FIGURE 2
Cluster analysis Dendrogram representing three different associations/Habitat type
Oxalis corniculata, and Cynodon dactylon. The species in this association also include many cultivated
species which were not included in the analysis. This
association occurs at relatively low altitudes within
the study area and thus the vegetation is easily accessible to the local people who utilize the plant resources for a range of purposes. The soils in this association are loam to clay loam with an organic matter content of 0.62-3.45%, a pH that varied from 7.00
to 7.27, electrical conductivity from 0.55-0.93 μs
cm-1, phosphorus content from 5.8-8.30 mg kg-1, and
potassium content of 140 mg kg -1 (Table 2).

RESULTS
The detail of site characteristics i.e. site location, code, altitude, aspect and geographical coordinates are given in Table 1 and the location of the
study sites in Koli district is shown in Figure 1. A
total of 202 species of 71 families and 176 genera
were recorded in the study area.
Cluster Analysis. The cluster analysis dendrogram produced by using Ward’s agglomerative
method is given in Figure 2. Three groups of species
were recognized at 4×104 Euclidean distance which
is equivalent to 50% information level based on similar floristic composition and geographical characteristics.

Sub-Tropical Pine Forest Association (Second group). This association occurs at an altitudinal
range between 593-1233m and consists of seven
sites (3, 5, 6, 7, 8, 10, and 11). The association comprises 98 species including 3 tree species, 9 shrubs
and 85 herbs. Pinus roxburghii (IVI=53.91),
Themeda anathera (IVI =26.75) and Mallotus
philippensis (IVI=26.85) are the first three dominants. The shrubby layer is dominated by Dodonaea
viscosa, Mallotus philippensis and Carissa opaca
while the herb layer is mainly characterized by
Themeda anathera, Heteropogon contortus, Oxalis
corniculata, Duchesnea indica, Dicliptera bupleuroides and Micromeria biflora. This association also
occurs at a relatively low altitude thus, similar to the

Subtropical Scrub Forest Association (First
group). This association is found at an altitudinal
range between 473 m and 919 m and consists of four
sites (1, 2, 4, and 9). The vegetation is of a xeric nature and includes 6 species of trees, 9 shrubs and 74
herbs. The first three dominants are Justicia
adhatoda (IVI=31.15), Acacia modesta (IVI=23.90)
and Dodonaea viscosa (IVI=23.81). Olea ferruginea and Carissa opaca were the other important
woody species. The herb layer is mainly characterized by Adiantum incisum, Cyperus niveus, Malvastrum coromandelianum, Boerhavia procumbens,
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first association, the plant communities are easily accessible to local people. The main anthropogenic
pressures include grazing, timber and fuel wood removal. The soils in this association are loam to clay
loam with organic matter content of 0.52-1.59%, a

pH that varies from 6.60-7.18, electrical conductivity from 0.40-0.70 μs cm-1, phosphorus content in the
range 6.1-7.3 mg kg -1, potassium content of 120-180
mg kg -1, and calcium content of 7.7- 12.2 mg kg -1.
(Table 2).

TABLE 3
Phytosociological attributes of Kotli District, Azad Jammu and Kashmir.
Association

Subtropical
scrub
forest
association

Sit
e

Location

Altitude
(m)

1

Dodonaea-ThemedaJusticia
Adiantum-JusticiaAcacia
Carissa-CynodonJusticia
Justicia-AcaciaThemeda
Justicia-AcaciaThemeda

Diversity
N
2
5
1
7
2
9
2
5
2
1

473

2

587

4

667

6

757

9

919

Average

Subtropical
pine
forest
association

3

Pinus-Mallotus-Oxalis
Mallotus-Pinus-Adiantum
Pinus-MallotusThemeda
Pinus- Mallotus- Dodonea
Pinus-Themeda-Dodonaea
Pinus-DodonaeaPunica

5

687

7

847

8
10
11

3
2
3
2
2
4
2
3
3
3
3
0

593

850
1125
1233

Average
Subtropical
broad
leaf humid association

Myrsine-Cotinus-Pinus
Quercus-IndigoferaRubus
Quercus-MyrsineBerberis
Quercus-MyrsineBrachiaria

4
7
4
4
3
6
3
3
4
0

1550
12
13
14

1704
1725
1897

15

Average

H’

D

2.5
8
1.8
3
2.9
7
2.7
0
2.6
5
2.5
5
3.0
8
2.5
4
2.6
1
2.5
7
3.0
5
3.0
6
2.8
2
3.1
7
3.1
9
3.0
7
2.8
2
3.0
6

0.8
9
0.7
5
0.9
3
0.9
1
0.9
1
0.8
8
0.9
4
0.8
8
0.9
0
0.9
0
0.9
4
0.9
4
0.9
2
0.9
4
0.9
5
0.9
4
0.9
2
0.9
4

Richness
Evenness

D

0.53

1.22

0.37

0.68

0.67

1.09

0.59

1.05

0.67

1.35

0.57

1.08

0.68

1.26

0.40

1.16

0.56

0.98

0.57

1.03

0.64

1.14

0.71

0.92

0.59

1.08

0.51

0.99

0.55

1.04

0.60

0.86

0.51

1.23

0.54

1.03

R

Equatia
blity

Maturity

0.80

41.02

0.65

48.23

0.88

42.18

0.84

36.67

0.87

33.81

0.81

40.38

0.89

34.22

0.73

35.66

0.82

41.94

0.82

37.25

0.87

39.99

0.90

48.89

0.84

39.66

0.82

39.93

0.84

43.62

0.86

54.72

0.81

35.39

0.83

43.42

3.9
7
2.4
8
4.2
7
3.7
8
3.6
4
3.6
3
4.8
0
4.6
8
3.5
9
3.5
4
4.7
5
4.1
7
4.2
6
5.9
5
5.7
4
4.6
8
4.8
6
5.3
1

Density
(ha)
580

B.A
(m2/h
a-1)
1.99

1400

19.18

1040

3.50

1220

4.04

280

2.18

904

6.18

540

16.72

880

10.65

500

17.49

780

17.07

360

12.36

380

17.36

573

15.28

1800

4.04

1720

5.24

2060

1.84

1500

10.75

1770

5.47

Key: H’ =Shannon index; D = Simpson index; R= Margalef index, d = Menhenick index; B.A= Basal area

TABLE 4
Comparison of similarity value of subtropical forest sites of Kotli District, Azad Jammu and Kashmir.

I.S

Sites
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

1
X
19.38
16.8
29.74
17.91
39.47
20.14
25.48
40.54
21.77
13.75
4.23
6.31
7.7
3.14

2

3

4

5

6

7

8

9

10

11

12

13

14

X
20.31
30.74
33.24
45.82
14.5
18.87
28.21
11.72
4.26
2.34
4.18
1.49
10.77

X
20.92
58.3
35.21
48.97
43.12
25.61
34.88
26.38
15.53
16.27
11.14
9.69

X
10.31
40.56
6.84
6.87
33.54
11.07
6.81
4.32
5.43
7.04
6.14

X
30.43
49.32
61.09
25.43
51.84
35.15
13.97
16.83
7.38
9.49

X
29.69
24.16
41.88
27
14.92
6.16
8.52
5.48
1.98

X
53.33
22.2
38.61
27.14
15.12
15.22
12.89
9.05

X
31.01
53.68
42.59
16.68
16.86
12.37
10.69

X
27.32
23.05
6.88
8.74
12.08
1.73

X
59.22
24.24
25.3
16.69
17.41

X
31.9
28.55
27.74
24.8

X
38.28
50.43
35.64

X
42.02
33.6

X
41.75
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TABLE 5
Description of the first four axes of the DCA for the vegetation data
(using the matrix species with their Importance Values (IV)
All the species (202) and all the sample/sites (15) were included
Statistic
Axis 1
Axis 2
Axis 3
Axis 4
Eigenvalues
0.6615
0.3353
0.2228 0.1053
Explained variation (cumulative)
19.03
28.68
35.09
38.12
Gradient length
3.89
2.54
2.08
1.86

Total inertia
3.47592

Maturity values varied from 33.81 to 54.72. The average tree density was 1002 ha-1, with the highest
tree density recorded in the subtropical broad leaf
humid forest (1770 ha-1) while the lowest was recorded in the subtropical pine forest (540 ha-1). The
average basal area of the forest stands was 9.63 m2
ha-1, with the highest average basal area recorded in
the subtropical pine forest (15.28 m2 ha-1) and the
lowest in the subtropical scrub forest (6.18 m2 ha-1)
(Table 3).
The study area showed an uneven similarity
pattern with maximum similarity (61.09%) between
sites 5 and 8 and minimum similarity (2.34%) between sites 2 and 12. Not surprisingly, sites within a
particular association had the highest similarity values. Most of the sites showed similarity values of
less than 30% between them. Altitude was identified
as the main factor affecting the structure of the vegetation and dividing the whole area into three groups
(Table 4).

Subtropical Broad Leaf Humid Forest association (3rd group). This association was recorded
at an altitude of 1550-1897m m and consisted of four
sites (12, 13, 14, 15). This association consists of 105
plant species including 4 trees, 19 shrubs and 84
herbs. Quercus incana (IVI=33.61), Myrsine africana (I.V=26.45) and Pinus roxburghii (IVI=15.61)
are the first three dominants. Other important woody
species are Myrsine africana, Berberis lycium, Cotinus coggygria, Viburnum grandiflorum and Indigofera heterantha while the herb layer is mainly
dominated by Themeda anathera, Galium aparine,
Viola canescens, Carex sempervirens, Origanum
vulgare, Duchesnea indica, Hedera nepalensis and
Chrysopogon aucheri. The association occurs at the
altitudinal junction of the sub-tropical and humid climate types and, in contrast to the first two associations, is more mesic in character. This association includes the plant communities of the higher altitudes
in the study area but it still experiences anthropogenic impacts including medicinal plant collection,
fodder, forage and fuel wood collection, and grazing.
Sites in this association are highly eroded with severe grazing intensity. Soils are sandy loams to clay
loams with organic matter contents of 1.71- 4.25%,
a pH that varies from 6.02-7.51, electrical conductivity from 0.38-0.60 μs cm-1, a phosphorus content
from 7.4-8.5 mg kg-1, potassium content from 120160 mg kg -1, and a calcium content from 7.3- 10.3
mg kg -1 (Table 2).

Deterendent Correspondence Analysis
(DCA). The environmental gradient was initially explained by the DCA. The first two axis described
28.68% of the variance of the species data (Table 5)
which was then plotted as ordination plot by using
CANODRAW a utility of CANOCO. For better visual interpretation classification results were used to
categorize the ordination results. The site/sample
scores on the first two ordination axis, along with the
classification results for the three plant associations,
are shown in Figures 3 & 4. The DCA diagram illustrates the environmental gradients and facilitates interpretation of the dendrogram derived through cluster analyses. The diagram presenting the distribution
of plant species further supports the influence of
these gradients on species composition, diversity and
community structure (Figure 4).
The first DCA axis explains the altitudinal gradient among the plant species and habitat. Sites of
lower altitude (subtropical scrub forest association
473m-919 m) grouped to the left-hand side of the
DCA ordination diagram, while sites of the higher
altitude (subtropical broad leaf humid association
1550m-1897 m) are grouped on the right side. This
also illustrate the latitudinal and altitudinal gradient
complex of the Kotli i.e., the sites at the start/opening of District Kotli are grouped on the left part of
DCA diagram (lower latitudes) and the more distant
sites (higher latitudes) are clustered on the right side
with reference to first axis (Figure 3).

Phytosiociological attributes. The number of
species recorded from each site varied between 17
and 47. The average Shannon’s diversity index for
the whole study area was 2.81. The Subtropical
broad leaf humid association had the highest Shannon diversity values with an average 3.06 while the
Subtropical scrub forest association had the lowest
diversity value averaging 2.55. The Subtropical pine
forest association had an intermediate average value
of 2.82. The Simpson’s diversity for the study area
averaged 0.91 and ranged between 0.75-0.95, but
with the Subtropical broad leaf humid association
showing a higher end range of 0.92-0.95. The averaged Menhinick’s richness recorded for investigated
area was 1.06 and ranged between 0.68-1.35. Average Margalef species richness was 4.44 per site varying between 2.48 and 5.95. The average equitability
value was 0.83 and varied between 0.65-0.89. Evenness values varied between 0.37 and 0.71 and the
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The first DCA axis also reflect environmental
gradients amongst the plant species and communities. Plant species and sites of mesic habitats (at
lower latitudes and lower altitudes) are clustered to
the left-hand side of the species ordination diagram
(sub-tropical scrub forest). Plant species and sites of
more xeric habitats (at higher and middle altitudes)
are plotted in the right hand of the diagram while the
species and sites of lower-middle altitudes are plotted in the center of the diagram (Figure 3; Figure 4).

Fresenius Environmental Bulletin

The first axis also separate the sites according to aspect (north and south facing) i.e., by grouping the
sites of north-aspect slopes to the right hand side and
south-aspect to the left side of the plot diagrams
(Figures. 3 & 4).Thus first axis of the DCA ordination diagrams as a whole illustrate complex latitudinal, altitudinal and climatic gradient among the vegetation.

FIGURE 3
Detrended Correspondence Analysis (DCA) diagram showing distribution of 3 plant associations and habitat types among 15 samples/sites
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FIGURE 4
Detrended Correspondence Analysis (DCA) diagram showing distribution of plant species

FIGURE 5
CCA biplot diagram showing the distribution of different sites among the three groups
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TABLE 6
Description of the first four axes of the CCA for the vegetation data
(using the matrix species with their Importance Values (IV)
All 202 species, 15 sites and 6 environmental variables are included in the analysis
Axes
1
2
3
4
Total inertia
0.6349
0.3068
0.2430
0.2212
Eigenvalues
18.27
27.09
34.08
40.44
Explained variation (cumulative)
0.9866
0.9549
0.9438
0.8941
Pseudo-canonical correlation
36.19
53.68
67.53
80.13
Explained fitted variation (cumulative)
Summary of Monte Carlo test (499 permutations under reduced
model)
First Axis
P
F

0.002
1.8

P
F

3.4759

For all four axis
0.001
1.4

FIGURE 6
CCA biplot showing the distribution of species along the environmental gradient
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of a dry subtropical and sub-tropical humid type
[61-63] but due to the distinctive variation in altitude, climatic conditions, edaphic and physiographic
factors and slope variation, the study area supports a
range of different vegetation types [64]. The current
research work delineated three different associations
with respect to micro-environmental conditions and
floristic elements. The spatial distribution of the
plant associations in the area and their floristic composition are determined by a number of environmental factors including topography, climate, biotic influences and the physico-chemical properties of the
soils. The micro-gradient established under the influence of variation in these factors is due to interactions among them [65] that result in the formation of
different vegetation groups and habitats. It is therefore imperative to correlate the vegetation structure
and composition of the area with different environmental variables for a better understanding of the
mechanisms responsible for determining the plant
distribution in this area [66].
Based on the results obtained from the ordination analyses (DCA and CCA) the plant species composition and distribution are mainly governed by altitude (P = 0.002) and aspect (P = 0.008). Similar
findings were also recorded by Shaheen and his coworkers [7] in moist temperate forest in Bagh, Azad
Kashmir. Ilyas and his co-workers [4] came to similar conclusions for the vegetation of Sawat, Pakistan
as did Khan and his co-workers [67] for the vegetation of Chitral, Pakistan and Song [58] for vegetation
along the river Delta in China where altitude was the
main factor controlling vegetation distribution pattern. Altitude is a main determinant of plant species
distribution patterns and vegetation composition because of its direct impact on habitat microclimate [4,
7, 57, 68-69]. In our study, the species of subtropical broad leaf humid forest were mainly distributed
at higher altitudes (1550 to 1897 m), while those of
subtropical scrub forest were found at lower altitudes
(473m to 919 m), with the subtropical pine forest association at an intermediate altitudinal range (593m
to 1233m). Within the same altitudinal range, aspect
and other topographical factors like slope can also
affect the distribution pattern of plant species. Slopes
with a northern aspect have higher soil and air moisture contents and experience lower temperatures due
to less exposure as compared to southern aspect
slopes [7, 70]. At our research location, the sites at
lower altitudes but with a northern aspect supported
subtropical pine forest but sites at lower altitudes but
with a southern aspect were covered in subtropical
scrub forest. Similarly Quercus incana showed a
very strong relationship with aspect as it was located
only on northern slopes indicating its schiophytic nature. The results also indicate that grazing intensity
is an important factor affecting the species distribution pattern and favouring an increased dominance
of rosette-forming herbaceous plants [49]. The re-

CANONICAL
CORRESPONDENCE ANALYSIS (CCA)
The relationship among the plant species distribution pattern with environmental gradients was explained by performing CCA Analysis. The summation of all the canonical eigenvalues (explained variance) was 1.753. The first eigenvalue was quite high
(0.6349) which is a reflection of the high gradient
strength for plant species distribution along this axis.
The first axis explained 18.27% of the total explained variance while the first and second axis together explained nearly half (45.5%) of the total inertia, accounting for 53.68% of the species environmental gradient correlation. The cumulative percentage variance of the species environmental gradient
relation in the 3rd row of the data table represents the
amount of variance explained as a fraction of the total inertia. A high species and environmental cumulative percentage variance was observed (Table 6).
The CCA bi-plot diagrams and Pearson‘s correlations with ordination axis show that both the plant
species composition and the abundance are reflection of the differences in the environmental variables
mainly altitude (P = 0.002) and aspect (P = 0.008)
followed by the distance from settlement (P = 0.098),
grazing intensity (P =0.4) slope (P= 0.59) and erosion (P=0.83). The first axis of CCA ordination diagrams (site and species biplots) clearly recognized
the strongest ecological gradient (Table 6; Figures 5
& 6). The species + environmental bi-plots and site
+ environmental bi-plots confirm each other by establishing relationship between the habitat and community data with the environmental variables. The
Pearson‘s correlations showed that the first axis (e
=0. 0.531) is mainly correlated with altitude (r =
0.97) and aspect (r = -0.692); the second axis (e =
0.252) is correlated principally with grazing intensity (r = - 0.643) and partially with erosion (r = 0.307); while the third axis (e = 0.096) is correlated
mainly with slope pressure (r =0.781) and partially
with distance from settlement (0.366).
The sites with the subtropical humid forest association were distinguished by the effect of high altitudinal range (p value  0.002) and were separated
from sites with subtropical scrub forest under the cumulative effect of aspect and grazing intensity. The
sites with subtropical pine forest are located mainly
in the center of the diagram so they are not affected
by any environmental factor except for sites 3 and 5
which are under the influence of aspect and grazing
intensity.
DISCUSSION
Plant associations of any area reflect the available plant species and habitat conditions under
which they exist and develop [5]. In general terms
the vegetation and climate of district Kotli is typical
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sults are in agreement with Khan (2012) [6] who reported that grazing intensity was a major determinant of the plant species distribution pattern in the
Naran Valley, in the North West Frontier Province
in Pakistan.
Species diversity is a reflection of the form and
structure of vegetation. The Shannon diversity values ranged from 1.83 to 3.19. These values lie within
the reported range (1.16 to 3.40) for other Himalayan
forests of Kashmir [7, 30, 33, 71-72] and world [7377]. The lowest diversity values were recorded in
those parts of the district which were subject to the
greatest amount of human disturbance through deforestation, intense grazing and the removal of medicinal plants [78-80]. Species diversity had strong
correlation with altitude. Subtropical broad leaf humid association located at higher altitude had high
value of species diversity (H’ = 3.06) which might
be due to number of different coexisting and interacting plant species with overlapping niche [81]
while the subtropical scrub forest association had
low diversity. These findings are supported by Barros and his coworkers [82] who reported a positive
correlation between diversity and altitude in subtropical highland grasslands, probably due to an increase
in humidity with increasing altitude. The findings are
in agreement with Habib [41] who reported low species diversity in lower reaches and high species diversity in higher altitude of Ghari Dubata hills,
Kashmir. Our results are also in line with Malik and
Malik [30] who also reported significant correlation
between diversity and altitude in Ganga chotti and
Bedorri hills of Azad Jammu and Kashmir. Some
other phytoscoiological investigations in Azad
Jammu and Kashmir have identified plant species diversity as being mainly influenced by elevation,
drainage, soil type and nutrient status [30, 33, and
83]. Our findings are in agreement with them as diversity was influenced mostly by elevation, topography and soil type. In the study area the vegetation in
subtropical broad leaf humid forest was severely
grazed by livestock such as goats, buffalo and cow
which suppress the growth of dominant species and
reduce the competition between the species. This allows the sub- dominant flora to flourish in better way
which turns increases the species diversity [49]. The
diversity value was low in Sub-tropical pine forest
association which may be due to dominance of Pinus
roxburghaii in most of communities which suppress
the growth of associated species due to high adaptability and specialized niche and thus reduces the species diversity [84].
The regional patterns of richness are the product of different environmental and other inter-connected factors such as geography, topography, species pool, productivity of the area and competition
among species [85]. Variation in altitude and
physcio chemical properties of soil may also have
profound influence on richness pattern [86]. Temperature, moisture content nutrients availability also
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affect the distribution and number of species in any
area [87].Our species richness data are in agreement
with the reported values by several other related phytoscoicolgical investigation from Kashmir [33, 7;
30, 33, 71) and other himalyan region of the world
[78-80]. Several phytoscoiological investigation revealed decreased in species richness with altitude
[88-90]. However in contrast to this, the species richness follow the inter pololated richness pattern
which are in consistent with Shaheen, [49] and Bhattaria and his coworkers [91]. The highest species
richness was observed in the sub-tropical humid forest association which may be due to diverse habitat
and favorable climatic and edaphic conditions which
support the survival and growth of species [92]. The
vegetation in subtropical broad leaf humid forest is
aggregated and patch which may also responsible for
high species richness [30]. In addition to this the high
number of un palatable herbs due to removal of
grasses and high moisture content also responsible
for high species.
In contrast to species richness equitability is
more important in vegetation analysis [93] and is the
reflection of environmental stability in the area [29].
The equitability ranges between 0.65-0.89 in the
study area. This is in accordance with reported
ranges for other forests in Azad Jammu and Kashmir
[30, 33, 41]. This high equitability is likely due to the
prevalence of stable climatic conditions for long periods of time. The species evenness was moderate in
all the segregated plant communities within the
study area on both macro and micro scale which indicates that individual species did not display a uniform distribution across communities and thus are
locally rare. Our results in this regard are in line with
Dad [71] who reported moderate specie evenness the
plant communities of Banidora, Kashmir.
The maturity index value in the identified plant
communities ranged between 33.81- 54.72. All the
forest stands were immature which might be due to
lesser adaptation to the microclimate of the study
sites. This was further enhanced due to high anthropogenic pressures which disturbed the natural balance of the plant communities and prevented them
from attaining maturity [81, 94]. Only the communities established at Pir Kalinjar and Supply had maturity value more than 50. They were composed of
few highly established species having uniform distribution and occupying maximum space. The wellestablished dominant plant species suppress the
growth of other less adapted species resulting in balanced state of community [95].
Average tree density was (1002 ha-1) in the area
and varied between 280-2060 ha-1 at different sites
within the study area. These results are nearly in line
with the reported values of 250 – 1685 ha-1 from different forest types of the subtropical zone of Pakistan
by Ahmed and his coworker [96], and 500-1700 ha1
from dry deciduous forest in India [97]. These values are very high when compared to 90 ha-1 for the
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moist temperate forest of Bagh Azad Kashmir Shaheen and his coworkers [7]; 99-439 ha-1 for Juniper
forest in Baluchistan [98]; 56-1089 ha-1 for Olea forest in Dir, Pakistan by Ahmed and his coworker [99];
and 320-1260 ha-1 for scrub jungle to wet evergreen
forest in Kalkad, India by Parthasarathy [100]. The
sites which were nearest to the settlements had a
lower forest density due to heavy disturbance, in line
with the findings of Krishnamurth and his coworkers
[101]. The tree density is also less in sub-tropical
pine forest. The basic reason for decreased tree density in sub-tropical pine forest is unchecked and the
ruthless cutting of Pinus roxburghaii from forest
stands, being the favorite and most preferred timber
source of the local communities [49].
The average basal area of forest stands was
very low at 9.63 m2/ha-1 and varied between 1.9919.18 m2/ha-1. The results are in line with reported
values of 1.30-13.78 m2/ha-1 from tropical forests in
India by sagar and his coworkers [102], 18.09 m2/ha1
from tropical deciduous forests in India by Krishnamurth and his cowrkers [101]; and 7.66-19.55
from dry deciduous forest in India by Joshi and his
coworkers [97]. This value was also low as compared to 5.92-37.90 m2/ha-1 in Olea forest in Dir, Pakistan by Ahmed and his cowokers [99]; 69.01
m2/ha-1 in moist temperate forest of Bagh, Azad
Kashmir; 28-49 m2/ha-1 in subtropical forests of the
lesser Himalaya, Pakistan Ahme and his coworkers
[96]; and 152-89-97m in the Central Himalayan forests of Nainital by shah and his coworkers [103]. The
low basal area is an indication of high forest cutting
and tree felling in the study area [104]. The average
basal area recorded for subtropical pine forest was
high as compared to other forest type in the investigated area due to dominance of large and bulky conifer i.e. Pius roxburghaii which is supposed to have
much more basal area values as compared to subtropical forest type colonized by relatively thinner
Quercus, Acaccia and Olea species [49; 78].
Similarity indices are based on the presence/absence of species in spite of relative species abundance. It is helpful in combining large number of
communities in few similar vegetation types or association [45, 105-106]. In the present study few communities have high similarity for each other which is
due to similarity in altitude, habitat condition, nutrient status and proximity of stand to each other. However most of the communities were dissimilar due to
differences in altitude, edaphic, biotic and climatic
conditions [7, 107-110]. The present findings are in
line with others who have reported low similarity
values for most of the communities in other parts of
Azad Kashmir [3, 111-111]. The communities exhibiting the least similarity had high proportion of
therophytes/annuals that disappear in next seasonThe current study results indicate detoriating forests
structure as a result of anthropogenic disturbance including severe grazing, extensive fuel wood and fodder, road construction and trampling etc. Important
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tree species including Quercus incana, Pinus roxburghii, Olea ferruginea and Acacia modesta were
under intense biotic pressure in the study area.
Therefore immediate conservations measures are
needed to preserve the rich plant species diversity of
these forests. More studies on the plant factors influencing the plant species distribution pattern of the
Kotli District are required. Data on both the abiotic
(altitude, aspect, slope,) and biotic (human and other
animals) factors could be combined in a vegetation
assessment to gain a clear picture of species composition, distribution and abundance of plant species in
a particular area. Detailed vegetation and land use
mapping by modern software like NDVI, ERDAS
and arc GIS are also recommended.
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<DQ=KDR &KHQJ[LDR=KDR/HL6KL&KXQKRQJ6RQJ<XDQ\XDQ<X<LQDQ=KDQJ4LQIHQJ4X



6KDQJKDL,QVWLWXWHRI4XDOLW\,QVSHFWLRQDQG7HFKQLFDO5HVHDUFK6KDQJKDL&KLQD

&ROOHJHRI6FLHQFH1DQMLQJ)RUHVWU\8QLYHUVLW\1DQMLQJ&KLQD

3XGRQJ$JURWHFKQRORJ\([WHQVLRQ&HQWHU6KDQJKDL&KLQD



$%675$&7

7ZRNLQGVRIEDFWHULDQDPHG<0-DQG<0-
ZHUHLVRODWHGIURPWKHVRLOZKLFKFRXOGGHJUDGH
DPHWU\QHIIHFWLYHO\<0-DQG<0-ZHUHLGHQWL
ILHG DV Bacillus megaterium DQG Bacillus licheniformis 7KH GHJUDGDWLRQ HIILFLHQF\ RI PJ/ RI
DPHWU\QE\<0-FRXOGUHDFKLQGD\VDQG
<0-FRXOGUHDFKXQGHUWKHVDPHFRQGLWLRQV
%RWK<0- DQG<0- FRXOG DOVR HIIHFWLYHO\ GH
JUDGH VLPD]LQH SURPHWU\Q DWUD]LQH DQG WHU
EXWK\OD]LQH ,Q DGGLWLRQ <0- DQG <0- KDG
EHHQ VXFFHVVIXOO\ GHYHORSHG LQWR D OLYH EDFWHULDO
DJHQWWKDWFRXOGEHXVHGWRGHJUDGHDPHWU\QUHVLGXH
7KHVHUHVXOWVVXJJHVWWKDW<0-DQG<0-FRXOG
EHXVHGIRUWKHELRUHPHGLDWLRQRIDPHWU\QRURWKHUV
WULD]LQHKHUELFLGHVFRQWDPLQDWLRQ



FKDUDFWHUL]H HIIHFWLYH PHWKRGV IRU UHPRYLQJ
DPHWU\QDQGRWKHUVWULD]LQHKHUELFLGHVIURPWKHHQ
YLURQPHQW>@0DQ\FRPELQDWLRQVRIWUHDWPHQW
WHFKQLTXHVLQFOXGLQJFKHPLFDODQGELRORJLFDOWUHDW
PHQWKDYHEHHQWULHGWRUHPRYHDPHWU\QDQGRWKHUV
WULD]LQH KHUELFLGH UHVLGXHV >@+RZHYHU WKH
PRVWSURPLVLQJDQGHQYLURQPHQWDOIULHQGO\VROXWLRQ
LV WKH PLFURELRORJLFDO GHJUDGDWLRQ RI DPHWU\Q >
@0DQ\DPHWU\QGHJUDGLQJVWUDLQVRUPLFURIORUD
KDYHEHHQLVRODWHGDQGVWXGLHGIRUWKHLUDELOLWLHVLQ
DPHWU\Q PLQHUDOL]DWLRQ +RZHYHU WKH GHJUDGDWLRQ
HIILFLHQFLHVRIWKHVHDPHWU\QGHJUDGLQJEDFWHULDDUH
QRW KLJK HQRXJK LQ PRVW FDVHV DQG WKHUH LV DOVR D
ODFNRIFRPPHUFLDOPLFURELDODJHQWIRUWKHELRUHPH
GLDWLRQRIDPHWU\QSROOXWLRQ>@
,QWKLVVWXG\WZRKLJKHIILFLHQF\DPHWU\QGH
JUDGLQJ VWUDLQV KDYH EHHQ LVRODWHG IURP VRLO 7KH\
FRXOGGHJUDGHPDQ\RWKHUVWULD]LQHKHUELFLGHVLQDG
GLWLRQWRWKHLUH[FHOOHQWDPHWU\QGHJUDGDWLRQDELOLW\
7KHVH WZR VWUDLQVKDYHQRZEHHQGHYHORSHG LQWR D
PLFURELDODJHQWWKDWFRXOGEHXVHGIRUELRUHPHGLD
WLRQRIDPHWU\QSROOXWLRQ


0$7(5,$/6$1'0(7+2'6

&KHPLFDOVDQG0HGLD$PHWU\Q  ZDV
SXUFKDVHG IURP 6LQRSKDUP &RPSDQ\ $OO RWKHU
FKHPLFDOVXVHGZHUHRIDQDO\WLFDOJUDGHRUFKURPD
WRJUDSKLF JUDGH $Q LQRUJDQLF VDOW PHGLXP ZLWK
DPHWU\Q WKHILQDOFRQFHQWUDWLRQRIDPHWU\QZDV
PJ/ ZDVXVHGDVWKHLVRODWLRQPHGLXPIRULVRODWLRQ
RIDPHWU\QGHJUDGLQJVWUDLQV

,VRODWLRQRIDPHWU\QGHJUDGLQJVWUDLQV6RLO
VDPSOHVZHUHWDNHQIURPWKHIRUHVWODQGRI6X]KRX
&KLQD ZKHUH DPHWU\Q KDV EHHQ XVHG IRU DERXW 
\HDUV$GGJRIVRLOVDPSOHWRPORILVRODWLRQ
PHGLXPPL[ZHOODQGWKHQVKDNHFXOWXUHDWR&
7KHFRQFHQWUDWLRQRIDPHWU\QLQPHGLXPZDVGHWHU
PLQHGHYHU\KRXUV>@7UDQVIHUPORIFXO
WXUHVROXWLRQZLWKGD\GHJUDGDWLRQHIILFLHQF\!
WRDQHQULFKHGPHGLXPFRQWDLQLQJPJ/DPHWU\Q
DQGFRQWLQXRXVO\VXEFXOWXUHIRUPRUHWKDQWLPHV

.(<:25'6 
$PHWU\Q VWULD]LQH KHUELFLGH ELRGHJUDGDWLRQ PLFURELDO
DJHQW



,1752'8&7,21

$PHWU\Q &$6 LVDQVWULD]LQHKHUE
LFLGH ZKLFK LV ZLGHO\ XVHG WR FRQWURO  EURDGOHDI
DQGJUDVVZHHGVLQILHOGVSODQWHGZLWKPDL]HSLQH
DSSOHDQGVXJDUFDQH>@/RQJWHUPXVHRIDPHWU\Q
ZLOOOHDGWRKLJKUHVLGXHLQZDWHUDQGVRLOZKLFKKDV
EHFRPH D VHULRXV HQYLURQPHQWDO SUREOHP >@
$PHWU\QKDVPDQ\QHJDWLYHHIIHFWVRQFURSSKRWR
V\QWKHVLVHQYLURQPHQWDOPLFUREHVDQGSXEOLFKHDOWK
DQGLWLVDOVRFRQVLGHUHGWREHDQHQGRFULQHGLVUXSWRU
DQG FDUFLQRJHQ>@7KHUHIRUH WKHUDSLGUHPRYDO
RIDPHWU\QUHVLGXHLVFRQVLGHUHGWREHHVVHQWLDOWRWKH
HQYLURQPHQWDOVDIHW\%HFDXVHRILWVWR[LFLW\SHUVLV
WHQFHDQGDFFXPXODWLRQLQWKHHQYLURQPHQWDVZHOO
DVLWVHIIHFWVRQKXPDQKHDOWKWKHXVHRIDPHWU\QLQ
DJULFXOWXUH ZLWKLQ WKH (XURSHDQ 8QLRQ KDV EHHQ
EDQQHGIURP>@EXWLWLVVWLOOZLGHO\XVHGLQ
PDQ\RWKHUFRXQWULHV 
,Q VXPPDU\ WKHUH LV D QHHG WR GHYHORS DQG
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$IWHUWKHGHJUDGDWLRQDELOLW\ZDVUHWHVWHGWRHQVXUH
WKDWWKHGD\GHJUDGDWLRQHIILFLHQF\ZDVPRUHWKDQ
WKHDERYHPHQWLRQHGHQULFKHGFXOWXUHVROXWLRQ
ZDVLQRFXODWHGLQDQLQRUJDQLFVDOWFXOWXUHSODWHFRQ
WDLQLQJDPHWU\QDQGLQYHUWHGFXOWXUHZDVFDUULHGRXW
& 6HOHFWWKHFRORQ\ZLWKYLJRURXVJURZWKDQG
GUDZOLQHVUHSHDWHGO\RQWKHFXOWXUHSODWHWRREWDLQD
SXUH FXOWXUH 7KH LVRODWHV ZHUH LGHQWLILHG E\
6U51$ DQDO\VLV DQG EXLOG D SK\ORJHQHWLF WUHH
>@

'HJUDGDWLRQ RI DPHWU\Q E\ <0- DQG
<0- $PHWU\QGHJUDGLQJ EDFWHULXP ZDV LQRFX
ODWHGLQWRDQHQULFKHGPHGLXPFRQWDLQLQJPJ/
DPHWU\QIRUVKDNHFXOWXUHDW& USP $IWHU
KRXUVRIFXOWXUHFROOHFWEDFWHULDOFHOOVE\FHQWULI
XJDWLRQDQGULQVHZLWKVWHULOHZDWHU>@7KHEDF
WHULDOFHOOVZHUHUHVXVSHQGHGLQQRUPDOVDOLQHDVLQ
RFXOXPRIWKHVXEVHTXHQWH[SHULPHQWVDQGWKHFRQ
FHQWUDWLRQZDVDSSUR[LPDWHO\î&)8PO
,QRFXODWHVWUDLQ<0-LQRFXOXPLQWKHLQ
RUJDQLF VDOW PHGLXP FRQWDLQLQJ PJ/ DPHWU\Q
DQGLQFXEDWHDW& USP 7KHFRQFHQWUDWLRQRI
DPHWU\QZDVGHWHUPLQHGHYHU\KRXUV,QDGGLWLRQ
WKHVWUDLQ<0-ZDVVWXGLHGV\QFKURQRXVO\DFFRUG
LQJWRWKHVDPHH[SHULPHQWDOSURFHVV
VWUDLQ<0-LQRFXOXPDQG<0-
LQRFXOXPZHUHVLPXOWDQHRXVO\DGGHGLQWRLQRUJDQLF
VDOWPHGLXPFRQWDLQLQJPJ/DPHWU\QLQFXEDWHG
DW& USP 7KHFRQFHQWUDWLRQRIDPHWU\QZDV
GHWHUPLQHGSHULRGLFDOO\

7ROHUDQFHRI<0-DQG<0-RQDPHWU\Q
7KHFRQFHQWUDWLRQRIDPHWU\QLQLQRUJDQLFVDOWPH
GLXPZDVDGMXVWHGUHVSHFWLYHO\WR
DQGPJ/E\DSSO\LQJDPHWU\QZHWWDEOHSRZ
GHU7KHQ<0-ZDVLQRFXODWHGIRUVKDNHFXOWXUH
DQG2'ZDVGHWHUPLQHGSHULRGLFDOO\IRUHYDOXDW
LQJ WKH WROHUDQFH RI VWUDLQV RQ DPHWU\Q 7KH VWUDLQ
<0-ZDVVWXGLHGV\QFKURQRXVO\DFFRUGLQJWRWKH
VDPHH[SHULPHQWDOSURFHVV

'HJUDGDWLRQ RI VLPD]LQH SURPHWU\Q DWUD
]LQH DQG WHUEXWK\OD]LQH E\ <0- DQG <0-
7KHILQDOFRQFHQWUDWLRQRIVLPD]LQHLQWKHLQRUJDQLF
VDOWPHGLXPZDVPJ/E\DGGLQJVLPD]LQHZHWWD
EOH SRZGHU 7KH LQRUJDQLF VDOW PHGLXP FRQWDLQLQJ
 PJ/ RI SURPHWU\Q RU  PJ/ DWUD]LQH RU 
PJ/ WHUEXWK\OD]LQH  ZDV VLPXOWDQHRXVO\ SUHSDUHG
LQWKHVDPHPDQQHU
 VWUDLQ<0- LQRFXOXP ZDV LQRFXODWHG LQ
DQLQRUJDQLFVDOWPHGLXPFRQWDLQLQJPJ/VLPD
]LQHIRUVKDNHFXOWXUHDW& USP 7KHDPRXQW
RI VLPD]LQH UHVLGXH ZDV GHWHUPLQHG SHULRGLFDOO\
7HVWLQJIRURWKHUVWULD]LQHKHUELFLGHVZHUHFDUULHG
RXWVLPXOWDQHRXVO\LQWKHVDPHPDQQHU

                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7KH GHJUDGDWLRQ RI  VWULD]LQH KHUELFLGHV E\
VWUDLQ<0-ZDVWHVWHGV\QFKURQRXVO\DVGHVFULEHG
DERYH

'HYHORSPHQWRIWKHPLFURELDODJHQWIRUWKH
ELRUHPHGLDWLRQ RI DPHWU\Q SROOXWLRQ <0-
LQRFXOXPDQG<0-LQRFXOXPZHUHVLPXOWDQH
RXVO\LQRFXODWHGLQWRHQULFKPHQWPHGLXPLQFXEDWHG
IRUKRXUVDW&)LQDOO\WKLVPLFURELDOFRQVRU
WLXPZDVVWRUHGDW&IRUVXEVHTXHQWVWXGLHV
3UHSDUDWLRQ IRU PLFURELDO DJHQW FRQWDLQLQJ
<0-DQG<0-7KHDERYHPLFURELDOFRQVRUWLXP
DQGVWHULOHQXWULHQWEURWKZHUHPL[HG YY WKH
PL[HG VROXWLRQ ZDV FXOWXUHG DW & IRU  KRXUV
0L[WXUH RI IUHVK Pennisetum alopecuroides UKL]R
VSKHUHVRLODQGULFHEUDQIORXU ZZ ZDVXVHG
DVFDUULHUDQGHDFKJFDUULHUZDVPL[HGZLWK
POSUHPDGHPL[HGVROXWLRQ7KHPL[WXUHZDVLQFX
EDWHGDW&IRUKRXUVDQGWKHQVWRUHGLQDVWHU
LOHMDUDW&
'HJUDGDWLRQ RI DPHWU\Q E\ QHZ PLFURELDO
DJHQW$GGDPHWU\QWRIUHVKVRLOWRDFRQFHQWUDWLRQ
RIPJNJDQGSXWWKHVRLOLQFP[FPSODVWLF
ER[HVPDNLQJFPGHSWKWRHQVXUHWKDWWKHZHLJKW
RIHDFKER[RIVRLOZDVWKHVDPH)ROORZWKHVWHSV
EHORZWRDGGWKHPLFURELDODJHQWWRWKHVRLO0L[
JRIWKHPLFURELDODJHQWZLWKPORIVWHULOHZDWHU
DQGVSULQNOHLWDOORQDER[RIVRLO Q  2QO\
PO RI VWHULOH ZDWHU ZDV VSULQNOHG LQWR WKH FRQWURO
JURXS7KHQDOORIWKHPZHUHLQFXEDWHGDW&IRU
PRUHWKDQGD\VDQGWKHFRQFHQWUDWLRQRIDPHWU\Q
LQVRLOZDVGHWHUPLQHGSHULRGLFDOO\


5(68/76$1'',6&866,21

&KDUDFWHUL]DWLRQ RI DPHWU\QGHJUDGLQJ
VWUDLQV  VWUDLQV WKDW FRXOG HIIHFWLYHO\ GHJUDGH
DPHWU\QZHUHLVRODWHGIURPVRLODQGQDPHG<0-
DQG <0- <0- ZDV VWUDLJKW RU FXUYXODWH URG
VKDSHEDFWHULXPîȝPDHURELFPRWLOH
VSRUHIRUPLQJ*IRUPHGRSDTXHURXJKFRORQLHVRQ
WKHEURWKDJDUSODWH,WZDVSRVLWLYHLQWHVWVIRUFDWD
ODVHVWDUFKK\GURO\VLVDQGJHODWLQOLTXHIDFWLRQEXW
QHJDWLYHIRUR[LGDVH93WHVWPHWK\OUHGWHVWDQGLQ
GROHWHVW7KHELRFKHPLFDOWHVWLQJUHIHUUHGWRSUHYL
RXV VWXGLHV >@ $FFRUGLQJ WR 6 U51$ VH
TXHQFH <0- ZDV LGHQWLILHG DV Bacillus megaterium *HQ%DQNDFFHVVLRQ1R07 
<0- ZDV VWUDLJKW EDFLOOXV î
ȝP DHURELF PRELOH *UDPSRVLWLYH DQG LW
IRUPHGJUD\LVKZKLWHRSDTXHFRORQLHVRQWKHEURWK
DJDUSODWH,WZDVSRVLWLYHIRUFDWDODVHVWDUFKK\GURO
\VLVR[LGDVHDQG93WHVWEXWQHJDWLYHIRUJHODWLQ
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),*85(
3K\ORJHQHWLFWUHHRI<0-DQG<0-




$PHWU\Q PJ/
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&RQWURO










7LPH G









),*85(
7KHFXUYHRQGHJUDGDWLRQRIDPHWU\QE\GLIIHUHQWPLFURRUJDQLVPV

OLTXHIDFWLRQPHWK\OUHGDQGLQGROHWHVW<0-ZDV
LGHQWLILHGDV Bacillus licheniformis *HQ%DQNDFFHV
VLRQ 1R 07 SK\ORJHQHWLF WUHHV RI<0-
DQG<0-ZDVVKRZQLQ)LJXUH 

'HJUDGDWLRQ RI DPHWU\Q E\ <0- DQG
<0-7KHUHVXOWVLQ)LJXUH  LQGLFDWHGWKDWERWK
VWUDLQ <0- DQG VWUDLQ <0- FRXOG UDSLGO\ GH
JUDGHDPHWU\Q7KHGD\VGHJUDGDWLRQHIILFLHQF\RI
DPHWU\Q PJ/  E\ <0- ZDV DERXW 
ZKLOHWKHVWUDLQ<0-FRXOGUHDFKLQGD\V
,WFRXOGDOVREHVHHQIURP)LJXUH  WKDW<0-GH
JUDGHGDPHWU\QVOLJKWO\IDVWHUWKDQ<0-,QDGGL
WLRQWKHH[SHULPHQWDOUHVXOWVVKRZHGWKDWWKHFRP
ELQHGDSSOLFDWLRQRI<0-DQG<0-KDVDFKLHYHG



KLJKHU GHJUDGDWLRQ UDWH DQG WKH GHJUDGDWLRQ HIIL
FLHQF\RIDPHWU\Q PJ/ FRXOGUHDFKLQ
GD\V7KHUHIRUHWKHFRPELQHGDSSOLFDWLRQRIWZR
DPHWU\QGHJUDGLQJEDFWHULDZDVFRQVLGHUHGWREHD
PRUHHIIHFWLYHZD\IRUGHJUDGLQJDPHWU\Q

7ROHUDQFH RI VWUDLQ <0- DQG <0- RQ
DPHWU\Q ,Q )LJXUH  ZKHQ WKH FRQFHQWUDWLRQ RI
DPHWU\QZDVLQFUHDVHGIURPPJ/WRPJ/
2' RI <0- GLG QRW FKDQJH VLJQLILFDQWO\
3!  +RZHYHU  PJ/ RU  PJ/  RI
DPHWU\QVLJQLILFDQWO\LQKLELWHGWKHJURZWKRI<0-
PJ/RIDPHWU\QZRXOGOHDGWRDJUHDWHUUH
GXFWLRQLQ2'RI<0-
,Q)LJXUHWKHUHZDVQRVLJQLILFDQWFKDQJHLQ
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2'RI<0-ZKHQWKHFRQFHQWUDWLRQRIDPHWU\Q
ZDVLQFUHDVHGIURPPJ/WRPJ/%XW
PJ/RIDPHWU\QFRXOGOHDGWRDUHGXFWLRQLQ2'
RI<0-%DVHGRQWKHDYDLODEOHGDWDLWZDVSUH
OLPLQDULO\FRQFOXGHGWKDW<0-ZDVEHWWHUWROHUDQW
WRDPHWU\QWKDQ<0-,QDGGLWLRQDOWKRXJK
PJ/ RI DPHWU\Q FRXOG VLJQLILFDQWO\ LQKLELW WKH
JURZWKRI<0-DQG<0-LWGLGQRWFDXVHWKHP
WR VWRS JURZLQJ ZKLFK DOVR LQGLFDWHG WKDW WKH WZR
VWUDLQVZHUHZHOOWROHUDWHGWRDPHWU\Q7KHUHIRUHLW
ZDVFRQVLGHUHGWKDWERWKVWUDLQVKDGH[FHOOHQWGHJUD
GDWLRQDELOLW\WRDPHWU\QDQGFRXOGEHXVHGIRUWKH

                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

ELRGHJUDGDWLRQ RI DPHWU\Q LQ D ZLGH FRQFHQWUDWLRQ
UDQJH

'HJUDGDWLRQRIIRXUVWULD]LQHKHUELFLGHVE\
<0-DQG<0-%RWK<0-DQG<0-FRXOG
HIIHFWLYHO\ GHJUDGH VLPD]LQH SURPHWU\Q DWUD]LQH
DQGWHUEXWK\OD]LQHDFFRUGLQJWRWKHH[SHULPHQWDOUH
VXOWV LQ )LJXUH   DQG)LJXUH  7KH GHJUDGDWLRQ
HIILFLHQFLHVRIVWULD]LQHKHUELFLGHVE\<0-ZHUH
UHVSHFWLYHO\
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7LPH G
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7LPH G

),*85(
(IIHFWRIFRQFHQWUDWLRQRIDPHWU\QRQWKHJURZWKRI<0-
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  DQG  LQ VHYHQ GD\V 7KH HIIL
FLHQF\RI<0-LQGHJUDGLQJIRXUVWULD]LQHKHUEL
FLGHV ZDV VLPLODU WR WKDW RI<0- DQG WKH GD\
GHJUDGDWLRQHIILFLHQFLHVZHUH
DQGUHVSHFWLYHO\8VXDOO\WKHVWULD]LQHKHUEL
FLGHVFRQWDLQHGDFRPPRQVWULD]LQHVWUXFWXUH6RPH
PLFURRUJDQLVPV RU HQ]\PHV FDSDEOH RI FOHDYLQJ V
WULD]LQHVWUXFWXUHPD\KDYHWKHDELOLW\WRGHJUDGHD
YDULHW\RIVWULD]LQHKHUELFLGHV>@,WZDVVSHF
XODWHG WKDW ERWK <0- DQG <0- PD\ KDYH WKH


                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

DELOLW\ WR FOHDYH WKH VWULD]LQH VWUXFWXUH7KHUHIRUH
WKHVHWZREDFWHULDZHUHDOVRVXSSRVHGWREHXVHGIRU
ELRUHPHGLDWLRQ RI VRPH RWKHU VWULD]LQH KHUELFLGHV
FRQWDPLQDWLRQQRWMXVWIRUGHJUDGDWLRQRIDPHWU\Q

'HJUDGDWLRQ RI DPHWU\Q E\ WKH PLFURELDO
DJHQW 7KH GHJUDGDWLRQ HIILFLHQF\ RI  PJNJ RI
DPHWU\QLQVRLOFRXOGUHDFKE\QHZPLFURELDO
DJHQWDIWHUGD\VRILQFXEDWLRQ )LJXUH   ,QWKH
FRQWUROJURXSWKH

VWULD]LQHKHUELFLGHV PJ/






6LPD]LQH
&RQWURO VLPD]LQH
3URPHWU\Q
&RQWURO SURPHWU\Q
$WUD]LQH
&RQWURO DWUD]LQH
7HUEXWK\OD]LQH
&RQWURO WHUEXWK\OD]LQH













7LPH G











),*85(
7KHFXUYHRQGHJUDGDWLRQRIVWULD]LQHKHUELFLGHVE\<0-

VWULD]LQHKHUELFLGHV PJ/






6LPD]LQH
&RQWURO VLPD]LQH
3URPHWU\Q
&RQWURO SURPHWU\Q
$WUD]LQH
&RQWURO DWUD]LQH
7HUEXWK\OD]LQH
&RQWURO WHUEXWK\OD]LQH













7LPH G







),*85(
7KHFXUYHRQGHJUDGDWLRQRIVWULD]LQHKHUELFLGHVE\<0-
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                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ



$PHWU\Q PJNJ









PLFURELDODJHQW
&RQWURO











7LPH G











),*85(
'HJUDGDWLRQRIDPHWU\QLQVRLOE\PLFURELDODJHQW

GHJUDGDWLRQHIILFLHQF\RIDPHWU\QZDVLQG
ZKLFKVKRXOGEHDWWULEXWHGWRVRPHQDWXUDOPLFURRU
JDQLVPVVRLOHQ]\PHVDQGRWKHUSK\VLFDORUFKHPL
FDOIDFWRUV>@7KHVHUHVXOWVLQGLFDWHGWKDWWKH
GHYHORSPHQWRIQHZPLFURELDODJHQWVKDGEHHQVXF
FHVVIXODQGWKDWWKHLUSURGXFWVFRXOGEHXVHGIRUELR
UHPHGLDWLRQRIDPHWU\QFRQWDPLQDWLRQ7KHDGGLWLRQ
RIP. alopecuroidesUKL]RVSKHUHVRLOLQWKHSUHSDUD
WLRQSURFHVVRIWKHPLFURELDODJHQWZDVEDVHGRQWKH
GLVFRYHU\ LQRXUSUHYLRXV H[SHULPHQWV7KHP. alopecuroidesUKL]RVSKHUHVRLOZDVEHOLHYHGWRFRQWULE
XWH WR WKH ELRGHJUDGDWLRQ RI D YDULHW\ RI VWULD]LQH
KHUELFLGHVZKLFKPD\EHDWWULEXWHGWRVRPHPLFUR
RUJDQLVPVRUHQ]\PHVLQWKHP. alopecuroidesUKL]R
VSKHUHVRLO,QDGGLWLRQLWPXVWEHQRWHGWKDWGLIIHU
HQWHQYLURQPHQWDOFRQGLWLRQVZRXOGKDYHDVLJQLIL
FDQW LPSDFW RQ WKH DSSOLFDWLRQ HIIHFW RI PLFURELDO
DJHQWV>@


&21&/86,21

7ZR DPHWU\Q GHJUDGLQJ VWUDLQV ZHUH LVRODWHG
IURPVRLODQGWKH\ZHUHBacillus megaterium<0-
 DQG Bacillus licheniformis<0- 7KH GHJUDGD
WLRQ HIILFLHQF\ RI PJ/ RI DPHWU\Q E\ <0-
FRXOG UHDFK  LQ G DQG <0- FRXOG UHDFK
XQGHUWKHVDPHFRQGLWLRQV7KHFRPELQDWLRQ
RIWKHWZRVWUDLQVFRXOGVLJQLILFDQWO\DFFHOHUDWHWKH
GHJUDGDWLRQRIDPHWU\Q,QDGGLWLRQERWK<0-DQG
<0-FRXOGHIIHFWLYHO\GHJUDGHVLPD]LQHSURPH
WU\QDWUD]LQHDQGWHUEXWK\OD]LQH<0-DQG<0-
KDYH EHHQ VXFFHVVIXOO\ GHYHORSHG LQWR D PLFURELDO

DJHQW7KHQHZPLFURELDODJHQWFRXOGEHXVHGWRGH
JUDGHDPHWU\QLQVRLODQGKDYHDFKLHYHGPDQ\VDW
LVIDFWRU\UHVXOWV:HEHOLHYHGWKDWLWZDVDQDWWUDFWLYH
FKRLFHWRXVHWKHLVRODWHGDPHWU\QGHJUDGLQJEDFWH
ULD DQG WKHLU PLFURELDO DJHQW WR FOHDQ XS FRQWDPL
QDWHGVLWHV


$&.12:/('*(0(176

7KLV VWXG\ ZDV IXQGHG E\ &KLQD 3RVWGRFWRUDO
6FLHQFH )RXQGDWLRQ 1R0  DQG SDU
WLDOO\ E\ WKH 3ULRULW\$FDGHPLF 3URJUDP 'HYHORS
PHQW RI -LDQJVX +LJKHU (GXFDWLRQ ,QVWLWXWLRQV DQG
WKH1DWXUDO6FLHQFH)XQGDWLRQRI-LDQJVX3URYLQFLDO
8QLYHUVLWLHV 1R.-% 


5()(5(1&(6

>@ (OEDVKLU$$$ERXO(QHLQ+<  6HS
DUDWLRQ DQG DQDO\VLV RI WULD]LQH KHUELFLGH UHVL
GXHV E\ FDSLOODU\ HOHFWURSKRUHVLV %LRPHGLFDO
&KURPDWRJUDSK\
>@ /LX<0D/<DQG/X<&  &RP
SUHKHQVLYHDQDO\VLVRIGHJUDGDWLRQDQGDFFXPX
ODWLRQRIDPHWU\QLQVRLOVDQGLQZKHDWPDL]H
U\HJUDVV DQG DOIDOID SODQWV (FRWR[LFRORJ\ DQG
(QYLURQPHQWDO6DIHW\
>@ *DR 1 'HQJ < DQG =KDR '  
$PHWU\QGHJUDGDWLRQLQWKHXOWUDYLROHW 89 LU
UDGLDWLRQK\GURJHQ SHUR[LGH +2  WUHDWPHQW
-RXUQDORI+D]DUGRXV0DWHULDOV
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>@ -DFRPLQL$(&DPDUJR3%$YHODU:(3
DQG%RQDWR36  $VVHVVPHQWRIDPHWU\Q
FRQWDPLQDWLRQ LQ ULYHU ZDWHU ULYHU VHGLPHQW
DQGPROOXVNELYDOYHVLQ6mR3DXOR6WDWH%UD]LO
$UFKLYHVRI(QYLURQPHQWDO&RQWDPLQDWLRQDQG
7R[LFRORJ\
>@ *ULOOR56DQWR3HUHLUD$'R(DQG)HUUHLUD
6LOYD GH 0HOR 1   &RQWUROOHG UHOHDVH
V\VWHPIRUDPHWU\QXVLQJSRO\PHUPLFURVSKHUHV
SUHSDUDWLRQFKDUDFWHUL]DWLRQDQGUHOHDVHNLQHW
LFV LQ ZDWHU -RXUQDO RI +D]DUGRXV 0DWHULDOV

>@ =KX - =KDR < )X / /LX = /L ; DQG
0HQJ=  $SSOLFDWLRQRIDVLPD]LQHGH
JUDGLQJ EDFWHULXP $UWKUREDFWHU XUHDIDFLHQV
;0-=IRUELRUHPHGLDWLRQRIVLPD]LQHSROOX
WLRQ:DWHUDQG(QYLURQPHQW-RXUQDO

>@ $VRQJDOHP ($ DQG $NLQWRQZD $  
(YDOXDWLRQ RI HIIHFWV RI RUDO H[SRVXUH WR
DPHWU\QRQGHYHORSPHQWRIPLFH3HVWLFLGH6FL
HQFH  
>@ 1DYDUDWQD'(OOLPDQ-&RRSHU$DQG6KX
/  ,PSDFWRIKHUELFLGHDPHWU\QRQPL
FURELDOFRPPXQLWLHVLQPL[HGOLTXRURIDPHP
EUDQHELRUHDFWRU 0%5 %LRUHVRXUFH7HFKQRO
RJ\
>@ =KX-)X/-LQ&0HQJ=DQG<DQJ1
 6WXG\RQWKHLVRODWLRQRIWZRDWUD]LQH
GHJUDGLQJEDFWHULDDQGWKHGHYHORSPHQWRIDPL
FURELDODJHQW0LFURRUJDQLVPV
>@/LX7&DR3DQG*HQJ-  'HWHUPL
QDWLRQ RI WULD]LQH KHUELFLGHV LQ PLON E\ FORXG
SRLQW H[WUDFWLRQ DQG KLJKSHUIRUPDQFH OLTXLG
FKURPDWRJUDSK\)RRG&KHPLVWU\ 
>@$]HQKD0('*%XUURZV+'&DQOH/0
DQG&RLPEUD5  .LQHWLFDQGPHFKDQLV
WLFDVSHFWVRIWKHGLUHFWSKRWRGHJUDGDWLRQRIDW
UD]LQHDWUDWRQDPHWU\QDQGK\GUR[\DWUD]LQH
E\QPOLJKWLQDTXHRXVVROXWLRQ-RXUQDORI
3K\VLFDO2UJDQLF&KHPLVWU\  
>@=KX-)X/DQG-LQ&  6WXG\RQWKH
ELRGHJUDGDWLRQ FKDUDFWHULVWLFV RI LVRIHQSKRV
PHWK\O DQG LVRODWLRQ RI DQ LVRIHQSKRVPHWK\O
GHJUDGLQJEDFWHULXP%DFLOOXVDWURSKDHXV,0
)UHVHQ(QYLURQ%XOO  
>@&DUORV$6DQGRYDO&DUUDVFR'HLILOLD$KXDW]L
&KDFyQDQG-XYHQFLR*DOtQGH]0D\HU  
%LRGHJUDGDWLRQ RI D PL[WXUH RI WKH KHUELFLGHV
DPHWU\QDQGGLFKORURSKHQR[\DFHWLFDFLG 
'  LQ D FRPSDUWPHQWDOL]HG ELRILOP UHDFWRU
%LRUHVRXUFH7HFKQRORJ\
>@1DYDUDWQD ' 6KX / %DVNDUDQ . DQG
-HJDWKHHVDQ9  0RGHOGHYHORSPHQWDQG
SDUDPHWHU HVWLPDWLRQ IRU D K\EULG VXEPHUJHG
PHPEUDQH ELRUHDFWRU WUHDWLQJ DPHWU\Q %LRUH
VRXUFH7HFKQRORJ\




                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@6KDWWDU 6)$ =DNDULD 1$ DQG )RR .<
  8WLOL]DWLRQ RI PRQWPRULOORQLWH DV D UH
ILQLQJ VROXWLRQ IRU WKH WUHDWPHQW RI DPHWU\Q D
VHFRQGJHQHUDWLRQRISHVWLFLGH-RXUQDORI(QYL
URQPHQWDO&KHPLFDO(QJLQHHULQJ
>@=KX - )X / 0HQJ = DQG -LQ &  
&KDUDFWHULVWLFV RI DQ DWUD]LQH GHJUDGLQJ EDFWH
ULXPDQGWKHFRQVWUXFWLRQRIDPLFURELDODJHQW
IRU HIIHFWLYH DWUD]LQH GHJUDGDWLRQ :DWHU DQG
(QYLURQPHQW -RXUQDO 2QOLQH 9HUVLRQ RI 5HF
RUGEHIRUHLQFOXVLRQLQDQLVVXH 
>@0DKHVK*%DQG0DQX%  5HPRYDO
RIDPHWU\QDQGRUJDQLFPDWWHUIURPZDVWHZDWHU
XVLQJVHTXHQWLDODQDHURELFDHURELFEDWFKUHDFWRU
$SHUIRUPDQFHHYDOXDWLRQVWXG\-RXUQDORI(Q
YLURQPHQWDO 0DQDJHPHQW  $UWLFOH ,'

>@6]HZF]\N 5 .XVPLHUVND $ DQG %HUQD 3
  $PHWU\Q UHPRYDO E\ Metarhizium
brunneum %LRGHJUDGDWLRQ SDWKZD\ SURSRVDO
DQG PHWDEROLF EDFNJURXQG UHYHDOHG &KHPR
VSKHUH
>@0DKHVK*%DQG0DQX%  %LRGHJUD
GDWLRQRIDPHWU\QDQGGLFDPEDLQDVHTXHQWLDO
DQDHURELFDHURELF EDWFK UHDFWRU $ FDVH VWXG\
:DWHU3UDFWLFHDQG7HFKQRORJ\  
>@=KX-5HQ;&DR<0HQJ=*H-DQG
=KDR <   ,VRODWLRQ DQG XWLOL]DWLRQ RI D
FKORURWKDORQLOGHJUDGLQJEDFWHULXP6SRURODFWR
EDFLOOXVWHUUDH'$&2)UHVHQ(QYLURQ%XOO
  
>@=KX-=KDR<DQG5XDQ+  &RPSDU
DWLYHVWXG\RQWKHELRGHJUDGDWLRQRIFKORUS\UL
IRV PHWK\O E\ %DFLOOXV PHJDWHULXP &0=
DQG 3VHXGRPRQDV V\ULQJDH &0= $QDLV GD
$FDGHPLD%UDVLOHLUDGH&LrQFLDV$UWLFOH,'
H
>@1LVKLPXUD . <DPDPRWR 0 1DNDJRPL 7
7DNLJXFKL<DQG8]XND<  %LRGHJUD
GDWLRQ RI WULD]LQH KHUELFLGHV RQ SRO\YLQ\ODOFR
KROJHOSODWHVE\WKHVRLO\HDVWLipomyces starkeyi$SSOLHG0LFURELRORJ\DQG %LRWHFKQRORJ\
  
>@1DYDUDWQD ' 6KX / %DVNDUDQ . DQG
-HJDWKHHVDQ9  7UHDWPHQWRIDPHWU\QLQ
ZDVWHZDWHU E\ D K\EULG 0%5 V\VWHP D ODE
VFDOHVWXG\:DWHU6FLHQFHDQG7HFKQRORJ\
 
>@=KX-0HQJ=DQG=KDR<  6WXG\
RQGHJUDGDWLRQRIFKORUS\ULIRVPHWK\ODQGXWLOL
]DWLRQRIDFKORUS\ULIRVPHWK\OGHJUDGLQJEDF
WHULXP %DFLOOXV YDOOLVPRUWLV &0 )UHVHQ
(QYLURQ%XOO  
>@/HH6-.LP<+DQG+ZDQJ<6  
'HWHUPLQDWLRQRIDPHWU\QUHVLGXHLQDJULFXOWXUDO
FRPPRGLWLHV XVLQJ +3/&89'06 7KH .R
UHDQ -RXUQDO RI 3HVWLFLGH 6FLHQFH    
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>@-DFRPLQL $( &DPDUJR 3%' $YHODU
:(3DQG%RQDWR36  'HWHUPLQDWLRQ
RIDPHWU\QLQULYHUZDWHUULYHUVHGLPHQWDQGEL
YDOYH PXVVHOV E\ OLTXLG FKURPDWRJUDSK\WDQ
GHPPDVVVSHFWURPHWU\-RXUQDORIWKH%UD]LOLDQ
&KHPLFDO6RFLHW\  
>@'LQJ6:DQJ<DQG/X/  ,VRODWLRQˈ
VFUHHQLQJ DQG LGHQWLILFDWLRQ RI DQ HQGRSK\WLF
EDFWHULDLQCeresasZLWKUHVLVWDQFHWRAgrobacterium tumefaciensDQGSKRVSKRUXVVROXELOL]LQJ
DELOLW\-RXUQDORI1DQMLQJ)RUHVWU\8QLYHUVLW\
  
>@)DQ 5 +H ; <H : &DL = DQG +X 6
 ,VRODWLRQLGHQWLILFDWLRQDQGJURZWKLQ
KLELWLRQ RI PLFURRUJDQLVPV PLOGHZ RI ILEHU
ERDUG -RXUQDO RI )RUHVWU\ (QJLQHHULQJ   

>@=KX - 0HQJ = *H - :X < DQG -LQ &
 'HJUDGDWLRQFKDUDFWHULVWLFVRILVRFDUER
SKRVDQGLVRODWLRQRIDQLVRFDUERSKRVGHJUDGLQJ
EDFWHULXP %DFLOOXV SXPLOXV 6$// )UHVHQ
(QYLURQ%XOO  
>@;X3:X&)DQ*=KDQJ&*DR;%LDQ
<DQG&KHQ6  3UHSDUDWLRQDQGFKDUDF
WHULVWLF HYDOXDWLRQ RI Lactobacillus plantarum
PLFURFDSVXOHVGHYHORSHGZLWKWKHJLQNJRVHHG
SURWHLQDQGVRGLXPDOJLQDWH-RXUQDORI)RUHVWU\
(QJLQHHULQJ  
>@=KX / :X 6 2X\DQJ 6 7DQJ 6 /L ;
 (IIHFWRIDGGLWLRQRIDPLQRDFLGVRQSUR
GXFWLRQ RI K\DOXURQLF DFLG E\ Streptococcus
zooepidemicus-RXUQDORI)RUHVWU\(QJLQHHULQJ
  
>@9DLVKDPSD\DQ 3$ .DQHNDU 33 DQG
'KDNHSKDONDU3.  ,VRODWLRQDQGFKDU
DFWHUL]DWLRQRI$UWKUREDFWHUVSVWUDLQ0&0%
DQDWUD]LQHGHJUDGLQJEDFWHULXPIURPUKL
]RVSKHULF VRLO ,QWHUQDWLRQDO %LRGHWHULRUDWLRQ
DQG%LRGHJUDGDWLRQ  
>@)X/=KHQJ<=KDQJ3DQG=KX-  
(PEHGGLQJ OHDI WLVVXH LQ JUDSKHQH LQN WR LP
SURYHVLJQDOVLQHOHFWURFKHPLVWU\EDVHGFKHPR
WD[RQRP\ (OHFWURFKHPLVWU\ &RPPXQLFDWLRQV

>@.RX;;LH1:X&)DQ*DQG)X;
  ,VRODWLRQ DQG LGHQWLILFDWLRQ RI HQGR
SK\WLFIXQJLIURPCyclocarya paliurus %DWDO 
,OMLQVNDMD-RXUQDORI1DQMLQJ)RUHVWU\8QLYHU
VLW\ 1DWXUDO6FLHQFHV(GLWLRQ   
>@=KDQJ ; =KRX - DQG /L =   7KH
4XDOLWDWLYH (OHFWURFKHPLFDO 'HWHUPLQDWLRQ RI
0XOWLSOH&RPSRQHQWVLQ6HDZHHG)HUWLOL]HU,Q
WHUQDWLRQDO-RXUQDORI(OHFWURFKHPLFDO6FLHQFH
 







                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@*HWHQJD='|UIOHU8,ZREL$6FKPLG0
DQG 6FKUROO 5   $WUD]LQH DQG WHU
EXWK\OD]LQH PLQHUDOL]DWLRQ E\ DQ$UWKUREDFWHU
VSLVRODWHGIURPDVXJDUFDQHFXOWLYDWHGVRLOLQ
.HQ\D&KHPRVSKHUH
>@9LHJDV&$6LOYD939DUHOD90&RUUHLD
9DQG5LEHLUR5  (YDOXDWLQJIRUPXOD
WLRQDQGVWRUDJHRI$UWKUREDFWHUDXUHVFHQVVWUDLQ
7&DVDELRUHPHGLDWLRQWRROIRUWHUEXWK\OD]LQH
FRQWDPLQDWHG VRLOV (IILFDF\ RQ DEDWHPHQW RI
DTXDWLF HFRWR[LFLW\ 6FLHQFH RI WKH7RWDO (QYL
URQPHQW
>@6RQJ-;X*DQG=KDR;  6FUHHQLQJ
RI LQGLJHQRXV SKRVSKDWHVROXELOL]LQJ EDFWHULD
IURP Liquidambar formosana +DQFH UKL]R
VSKHUHDQGLWVSRWHQWLDODSSOLFDWLRQVIRULPSURY
LQJ SODQW JURZWK -RXUQDO RI 1DQMLQJ )RUHVWU\
8QLYHUVLW\  
>@6DQMHHY6DQG0DQX%  6\QWKHVLVRI
*UHHQ ,URQ 1DQRSDUWLFOHV XVLQJ /DWHULWH DQG
WKHLUDSSOLFDWLRQDVD)HQWRQOLNHFDWDO\VWIRUWKH
GHJUDGDWLRQRIKHUELFLGHDPHWU\QLQZDWHU(Q
YLURQPHQWDO 7HFKQRORJ\ DQG ,QQRYDWLRQ 
 
>@3HWHUV /3 &DUYDOKR * DQG 0DUWLQV 3)
 'LIIHUHQWLDOUHVSRQVHVRIWKHDQWLR[LGDQW
V\VWHPRIDPHWU\QDQGFORPD]RQHWROHUDQWEDF
WHULD 3/2621(  $UWLFOH,'H
>@+RX;;LDR+DQG3DQ<  5HVHDUFK
SURJUHVVRIVWLPXOLUHVSRQVLYHQDQRPDWHULDOVRQ
FRQWUROOHGUHOHDVHRIDJURFKHPLFDOV-RXUQDORI
)RUHVWU\(QJLQHHULQJ  
>@)X/:DQJ$;LH.=KX-DQG&KHQ)
 (OHFWURFKHPLFDOGHWHFWLRQRIVLOYHULRQV
E\ XVLQJ VXOIXU TXDQWXP GRWV PRGLILHG JROG
HOHFWURGH6HQVRUVDQG$FWXDWRUV%&KHPLFDO
$UWLFOH,'
>@&DUDFFLROR$% )DMDUGR & *UHQQL 3 DQG
&LFFROL 5   7KH UROH RI D JURXQGZDWHU
EDFWHULDO FRPPXQLW\ LQ WKH GHJUDGDWLRQ RIWKH
KHUELFLGH WHUEXWK\OD]LQH )(06 0LFURELRORJ\
(FRORJ\  
>@/X:*HQJ+DQG=KDQJ<  (IIHFWV
RIELRFKDUVS\URO\]HGDWGLIIHUHQWWHPSHUDWXUHV
RQVRLOPLFURELDOFRPPXQLW\LQDSRSODUSODQWD
WLRQLQFRDVWDOHDVWHUQ&KLQD-RXUQDORI1DQMLQJ
)RUHVWU\8QLYHUVLW\  
>@4LDQ==KDQJ</LX32X\DQJ-  
(IIHFWVRIGLIIHUHQWDGGLWLYHVRQEDFWHULDOFHOOX
ORVHSURGXFWLRQE\*OXFRQDFHWREDFWHU[\OLQXP
-RXUQDORI)RUHVWU\(QJLQHHULQJ  
>@0XHOOHU7&6WHFNHO/(DQG5DGRVHYLFK0
  (IIHFWRI VRLOSK DQGSUHYLRXV DWUD]LQH
XVHKLVWRU\RQDWUD]LQHGHJUDGDWLRQLQDWHQQHV
VHHILHOGVRLO:HHG6FLHQFH  
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5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
<DQ=KDR 
6KDQJKDL ,QVWLWXWH RI 4XDOLW\ ,QVSHFWLRQ DQG7HFK
QLFDO5HVHDUFK 
6KDQJKDL±&KLQD 
HPDLO  VTLB]KDR\DQ#TTFRP
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


6$/772/(5$1&($&7,9$7,21,1)$%$%($13/$176
86,1*352/,1($1'6$/,&</,&$&,'$662&,$7('
:,7+3+<6,2%,2&+(0,&$/$1'<,(/'&+$5$&7(56
,03529(0(17

.KDOHG$EGHODDO 0RKDPHG(O$IU\0HWZDO\0HWZDO\0RKDPHG=LGDQ(PDG5DVKZDQ



(3&56([FHOOHQFH&HQWHU3ODQW3DWKRORJ\DQG%LRWHFKQRORJ\/DE$JULF%RWDQ\'HSW)DF$JULF.DIUHOVKHLNK8QLY(J\SW

'HSDUWPHQWRI$JULF%RWDQ\)DF$JULF.DIUHOVKHLNK8QLY(J\SW

$JURQRP\'HSDUWPHQW)DFXOW\RI$JULFXOWXUH7DQWD8QLYHUVLW\7DQWD(J\SW



$%675$&7

7KHUH DUH PDQ\ HQYLURQPHQWDO IDFWRUV DIIHFW
WKH FURSSURGXFWLRQ 7KH FXUUHQW H[SHULPHQWV ZHUH
FDUULHG RXW WR HYDOXDWH WKH UHVSRQVH RI IDED EHDQ
SODQWVJURZQXQGHUGLOXWHGVHDZDWHUVWUHVV DQG
SSP WRIROLDUDSSOLFDWLRQRISUROLQH DQG
 P0  DQG VDOLF\OLF DFLG   DQG  P0 
LQGLYLGXDOO\ RU LQ FRPELQDWLRQ RQ VRPH SK\VLROR
JLFDOELRFKHPLFDO DQG \LHOGFKDUDFWHULVWLFV RI IDED
EHDQ SODQWV $SSOLFDWLRQ RI VHDZDWHU DW  DQG
 SSP OHG WR VLJQLILFDQW GHFUHDVHV LQ JURZWK
FKDUDFWHUV FKORURSK\OO FRQFHQWUDWLRQV PLQHUDO
HOHPHQWV FRQWHQWV 1 3 . .1D UDWLR DQG \LHOG
FKDUDFWHUV +RZHYHU 1D HOHFWURO\WH OHDNDJH
SUROLQH FRQWHQW DQG DQWLR[LGDQW HQ]\PHV DFWLYLW\
FDWDODVH SHUR[LGDVH DQG SRO\SKHQRO R[LGDVH 
VLJQLILFDQWO\LQFUHDVHGXQGHUVHDZDWHUVDOLQLW\VWUHVV
FRPSDUHGZLWKFRQWUROSODQWV1HYHUWKHOHVVDSSOLFD
WLRQRISUROLQH 3U DQGVDOLF\OLFDFLG 6$ DORQHRU
WKH FRPELQDWLRQ RI WKHP XQGHU VHDZDWHU VWUHVV
FRQGLWLRQV VLJQLILFDQWO\ LPSURYHG WKH PRVW RI
VWXGLHGFKDUDFWHUV



PLOOLRQ LQ(J\SWWKHFXOWLYDWLRQRIPDUJLQDODUHD
WRJHWKHU ZLWK WKH XVH RI EUDFNLVK ZDWHU PD\ VROYH
WKLV SUREOHP >@ /LNHZLVH LUULJDWLRQ ZLWK GLOXWHG
VHDZDWHU FDQ EH XVHG VXFFHVVIXOO\ WR JURZ FURSV
XQGHUFHUWDLQFRQGLWLRQVDQGSOD\VDQLPSRUWDQWUROH
LQVDYLQJIUHVKZDWHUUHVRXUFHV>@
6DOLQLW\ VWUHVV WDNH SODFH EHFDXVH RI WKH
DFFXPXODWLRQRIKLJKFRQFHQWUDWLRQVRIVDOWVLQVRLO
ZKLFK ILQDOO\ OHDGV WR WKH KDUPIXO HIIHFWV RQ SODQW
JURZWKDQGFURSSURGXFWLRQ>@6DOWVWUHVVLVNQRZQ
WR SHUWXUE PXOWLSOH RI SK\VLRORJLFDO SURFHVVHV
LQFOXGLQJSKRWRV\QWKHVLVDQGLQGXFHGRVPRWLFVWUHVV
DVZHOODVVRGLXPWR[LFLW\DOVRIRUPDWLRQRIUHDFWLYH
R[\JHQ VSHFLHV 526  VXFK DV VXSHUR[LGH 2 
K\GURJHQ SHUR[LGH +2  K\GUR[\O UDGLFDO 2+ 
DQG VLQJOHW R[\JHQ 2  ZKLFK FDQ GDPDJH
PLWRFKRQGULDDQGFKORURSODVWVE\GLVUXSWLQJFHOOXODU
VWUXFWXUHV >@ 6DOLQLW\ VWUHVV OHG WR GHOHWHULRXV
HIIHFWV LQ PRUSKRORJLFDO SK\VLRORJLFDO ELRFKH
PLFDO DQG \LHOG FKDUDFWHUV RI PDQ\ SODQWV VXFK DV
FXFXPEHU SODQWV >@ EODFNJUDP DQG PXQJ EHDQ
SODQWV >@ VWUDZEHUU\ SODQWV >@ DQG VZHHW SHSSHU
SODQWV >@ 2QH RI WKH LPSRUWDQW LQGLFDWRUV GXULQJ
VWUHVV LV UHDFWLYH R[\JHQ VSHFLHV 526  ZKLFK
DFFXPXODWH XQGHU YDULRXV VWUHVV IDFWRUV GURXJKW
VWUHVV>@DQGELRWLFVWUHVV>@6DOLQLW\VWUHVV
WROHUDQFH LQ SODQWV LV YHU\ FRPSOH[ DQG DVVRFLDWHG
ZLWKPDQ\FKDQJHVLQWKHSODQWPRUSKRORJLFDODQG
SK\VLRORJLFDOVWUXFWXUH>@
3UROLQH SOD\V DQ LPSRUWDQW UROH DV D VLQN IRU
HQHUJ\ WR UHJXODWH UHGR[ SRWHQWLDOV DOOHYLDWHV VDOW
VWUHVVLQGXFHG E\ HQKDQFHPHQW LQ R[\JHQDVH DQG
FDUER[\ODVH DFWLYLWLHV RI 5XELVFR >@ DQGSURWHFWV
SODQWWLVVXHVIURPIUHHUDGLFDOWKDWLQGXFHGGDPDJH
E\TXHQFKLQJRIVLQJOHWR[\JHQ>@7KHIXQFWLRQV
WKDW SURSRVHG IRU WKH DFFXPXODWLRQ RI SUROLQH LQ
WLVVXHV H[SRVHG WR VDOLQLW\ VWUHVV DUH RVPRWLF
DGMXVWPHQW >@ RVPRSURWHFWLRQ >@ VWDELOLVDWLRQ
RISURWHLQVDQGPHPEUDQHVUHJXODWLRQRIF\WRVROLF
DFLGLW\ >@ SURWHFWLRQ RI PDFURPROHFXOHV IURP
GHQDWXUDWLRQDQGIUHHUDGLFDOVFDYHQJLQJ>@

.(<:25'6
Vicia faba /VDOLQLW\SUROLQHVDOLF\OLFDFLGDQWLR[LGDQW
HQ]\PHV\LHOGSURGXFWLRQ



,1752'8&7,21

)DED EHDQ Vicia faba /  LV RQH RI WKH PRVW
VLJQLILFDQW OHJXPLQRXV FURSV LQ 0HGLWHUUDQHDQ 6HD
UHJLRQGXHWRWKHKLJKYDOXHRIQXWULWLRQLQWHUPVRI
ERWK HQHUJ\ DQG SURWHLQ FRQWHQWV EHORQJV WR
IDEDFHDH IDPLO\ LW LV YHU\ LPSRUWDQW VRXUFH RI
SURWHLQ IRU KXPDQ IRRG DQG DQLPDO IHHGLQJ 7KXV
PDQ\ HIIRUWV KDYH EHHQ GRQH WR LPSURYH LWV
SURGXFWLYLW\ >@ $V IUHVK ZDWHU UHVRXUFHV DQG WKH
DUHDIRUWKLVFURSDUHQRWVXIILFLHQWWRPHHWWKHIRRG
GHPDQG RI WKH LQFUHDVLQJ SRSXODWLRQ DERXW 
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$SSOLFDWLRQRISUROLQH DQGP0 RQIDED
0$7(5,$/6$1'0(7+2'6
EHDQ XQGHU VHDZDWHU VDOLQLW\ VWLPXODWHV SODQW VDOW

WROHUDQFH YLD LPSURYLQJ YHJHWDWLYH JURZWK
7ZR SRW H[SHULPHQWV ZHUH FRQGXFWHG GXULQJ
SDUDPHWHUV SKRWRV\QWKHWLF SLJPHQWV VROXEOH
WKH WZR VXFFHVVLYH ZLQWHU VHDVRQV  DQG
FDUERK\GUDWH DQGSUROLQH ZKLOH 1D DQG &Oí ZHUH
 XQGHU JUHHQKRXVH FRQGLWLRQV RI
GHFUHDVHG UHODWLYH WR WKHLU FRUUHVSRQGLQJ VDOLQLW\
$JULFXOWXUDO %RWDQ\ 'HSDUWPHQW )DFXOW\ RI
FRQWUROV LQ DGGLWLRQ VHHGV VRDNLQJ ZLWK  P0
$JULFXOWXUH .DIUHOVKHLNK 8QLYHUVLW\ (J\SW WR
SUROLQH KDG WKH DELOLW\ WR PLQLPL]H WKH GHOHWHULRXV
LQYHVWLJDWH WKH H[RJHQRXVO\ WUHDWPHQWV RI VDOLF\OLF
HIIHFWRIVDOLQLW\RQDQDWRPLFDOVWUXFWXUHRIIDEDEHDQ
DFLG DQGP0 DQGSUROLQH DQGP0 RQ
OHDYHV>@
VRPH SK\VLRORJLFDO ELRFKHPLFDO DQG \LHOG
6DOLF\OLF DFLG 6$  SOD\V SLYRWDO UROH LQ
FKDUDFWHULVWLFVRIIDEDEHDQ 9LFLDIDED/YDUVDNKD
UHJXODWLRQ RI SK\VLRORJLFDO SURFHVVHV VXFK DV
  SODQWV JURZQ XQGHU GLOXWHG VHDZDWHU  DQG
SKRWRV\QWKHVLVLRQXSWDNHDQGWUDQVSRUWLQKLELWLRQ
SSP SUHSDUHGE\PL[LQJVHDZDWHUZLWKIUHVK
RI WUDQVSLUDWLRQ HWK\OHQH ELRV\QWKHVLV VWUHVV
ZDWHUZKHUHDVFRQWUROSODQWVZHUHLUULJDWHGZLWKWDS
WROHUDQFH DV ZHOO DV PHPEUDQH SHUPHDELOLW\ >@
ZDWHU3ODVWLFSRWVXVHGLQWKLVLQYHVWLJDWLRQZHUH
6DOLF\OLFDFLGWUHDWPHQWDWFRQFHQWUDWLRQRISSP
FPLQGLDPHWHUDQGFPLQKLJKHDFKSRWZDVILOOHG
OHG WR HQKDQFH WKH SODQW JURZWK FKDUDFWHUV >@
ZLWKNJFOD\VRLO%HIRUHFRQGXFWLQJH[SHULPHQWV
LQFUHDVHUHVLVWDQFHWRDELRWLFVWUHVVHVLQPDQ\SODQWV
WKHSK\VLFDODQGFKHPLFDODQDO\VLVZDVGRQHLQVRLO
DQGSURWHFWWKHSODQWVIURPR[LGDWLYHLQMXU\>@DQG
VDPSOHVGXULQJWKHWZRVHDVRQV 7DEOH >@
SURWHFWWKHSODQWVDJDLQVWDELRWLFDQGELRWLFVWUHVVDV
6HHGVRIIDEDEHDQ6DNKDZHUHREWDLQHGIURP
ZHOODVLPSURYHVWKHSODQWJURZWKDQGGHYHORSPHQW
'LYLVLRQ OHJXPHV $JULFXOWXUDO 5HVHDUFK 6WDWLRQ
>@2UDELHWDO  >@IRXQGWKDWVDOLF\OLFDFLG
6DNKD(J\SWDQGVRZQLQWK2FWREHULQWKHILUVW
DW FRQFHQWUDWLRQ RI  P0 UHJXODWHV SK\VLRORJLFDO
VHDVRQ DQG VW 1RYHPEHU LQ WKH VHFRQG +HDOWK\
DGDSWDWLRQ DQG SURWHFWV WKH SODQW IURP R[LGDWLYH
IDED EHDQ VHHGV ZHUH VHOHFWHG RI HTXDO VL]H DQG
GDPDJH ZLWK DQ LQFUHDVH LQ DQWLR[LGDQW HQ]\PH
LGHQWLFDOFRORU)LYHVHHGVZHUHVRZQLQHDFKSRWDQG
DFWLYLWLHV DQG D GHFUHDVH LQ 526 OHYHO DQG OLSLG
LUULJDWHGZLWKWDSZDWHU(DFKSRWZDVSURYLGHGZLWK
SHUR[LGDWLRQ 8QGHU GLOXWHG VHDZDWHU IROLDU VSUD\
JP FDOFLXP VXSHUSKRVSKDWH  32  PL[HG
ZLWK6$ DW FRQFHQWUDWLRQV DQG P0 RQEURDG
ZLWK WKH VRLO EHIRUH VRZLQJ ZKLOH DPPRQLXP
EHDQ OHG WR LPSURYHV WKH JURZWK FKDUDFWHUV DQG
VXOSKDWH  1  DW WKH UDWH RI JP ZDV DGGHG
LQFUHDVHVDQWLR[LGDQWHQ]\PHVDFWLYLW\DVZHOODV.
ZLWKWKHILUVWLUULJDWLRQDQGJPSRWDVVLXPVXOSKDWH
FRQWHQW KRZHYHU &O DQG 1D FRQWHQWV ZHUH GH
 .2  ZDV DGGHG DIWHU IORZHULQJ 6HHGOLQJV
FUHDVHG7KHHIIHFWRI6$ZDVJUHDWHUZLWKWKDQ
ZHUHWKLQQHGWRIRXUVHHGOLQJVSHUSRWDIWHUGD\V
P0 >@ 7KHUHIRUH WKH SUHVHQW VWXG\ ZDV FDUULHG
IURP VRZLQJ DQG DUUDQJHG ZLWK WKUHH UHSOLFDWHV
RXW WR VXUYH\ WKH LQIOXHQFH RI IROLDU DSSOLFDWLRQ RI
)DED EHDQ VHHGOLQJV ZHUH LUULJDWHG ZLWK HTXDO
VDOLF\OLFDFLG DQGP0 DQGSUROLQH DQG
YROXPH RI GLOXWHG VHDZDWHU 0HGLWHUUDQHDQ VHD
 P0  RQ VRPH SK\VLRORJLFDO DQG ELRFKHPLFDO
ZDWHU ZLWKWKUHHOHYHOV WDSZDWHU SSP 6 
FKDUDFWHUVRIIDEDEHDQSODQWVXQGHUGLOXWHGVHDZDWHU
DQGSSP 6 7KUHHZHHNVDIWHUVRZLQJWKH
LUULJDWLRQ DQGSSP 
VHDZDWHUVWUHVVHGVHHGOLQJ 6DQG6 ZHUHVSUD\HG

WKUHHWLPHVHYHU\GD\VZLWKWKUHHFRQFHQWUDWLRQV

RIVDOLF\OLFDFLG P0P0DQGP06$ DQG

SUROLQH P0P0DQGP03U 


7$%/(
0HFKDQLFDODQGFKHPLFDODQDO\VLVRIWKHH[SHULPHQWDOVRLOEHIRUHFRQGXFWLQJWKHH[SHULPHQWV
LQDQGVHDVRQV
6HDVRQV
3+
(&
0HFKDQLFDODQDO\VLV
6RLO
2UJDQLF 7RWDO 7RWDO

'VP
PDWWHU
1
3
6DQG
6LOW
&OD\ WH[WXUH




SSP






  
&OD\

 


  
&OD\

 
 
6HDVRQV
6ROXEOHFDWLRQV
6ROXEOHDQLRQV
0HTO
0HTO



1D



.



&D



0J



(& (OHFWULFDOFRQGXFWLYLW\



+&2



62



&O



E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
(IIHFWRISUROLQHDQGVDOLF\OLFDFLGRQSODQWKHLJKW FP QXPEHURIOHDYHVOHDIDUHD FP DQGVKRRWGU\
ZHLJKW FP RIIDEDEHDQSODQWVJURZQXQGHUVHDZDWHUVDOLQLW\VWUHVVDIWHUGD\VIURPVRZLQJGXULQJ
DQGVHDVRQV
6KRRWGU\ZHLJKW J 
3ODQWKHLJKW FP 
1RRIOHDYHV
/HDIDUHD FP 
7UHDWPHQW


&RQWURO
6
63U
63U
66$
66$
63U6$
63U6$
6
63U
63U
66$
66$
63U6$
63U6$
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D
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D
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&RQWURO WDSZDWHU6 SSPGLOXWHGVHDZDWHU6 SSPGLOXWHGVHDZDWHU
3U P03UROLQH3U P03UROLQH6$ P0VDOLF\OLFDFLG
6$ P0VDOLF\OLFDFLG
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)RU SUROLQH GHWHUPLQDWLRQ WKH OHDYHV ZHUH
WDNHQDWGD\VIURPVRZLQJWRGHWHUPLQHSUROLQH
DFFRUGLQJWRWKHPHWKRGRI 6LPDHLHWDO >@
DQGDFWLYLW\RIDQWLR[LGDQWHQ]\PHVFDWDODVH &$7 
DFFRUGLQJ WR $HEL   >@ SHUR[LGDVH 32; 
ZDV PHDVXUHG DFFRUGLQJ WR D W\SLFDO SURFHGXUH
SURSRVHGE\ +DPPHUVFKPLGWHWDO >@DQG
SRO\SKHQRO R[LGDVH 332  DFFRUGLQJ WR 0DOLN DQG
6LQJK  >@LQWKHOHDYHV
0RUSKRSK\VLRORJLFDO DQG \LHOG FKDUDFWHUV
SODQWKHLJKWOHDYHVQXPEHUOHDIDUHDDQGSODQWGU\
ZHLJKW  OHDI DUHD ZDV PHDVXUHG E\ GLJLWDO
SODQLPHWHU &, ODVHU DUHD PHWHU  DQG VRPH
ELRFKHPLFDO FULWHULD (OHFWURO\WH OHDNDJH UHODWLYH
ZDWHU FRQWHQW DQG &KORURSK\OO D E DQG WRWDO
&KORURSK\OOFRQFHQWUDWLRQVZHUHGHWHUPLQHGDIWHU
GD\V IURP VRZLQJ 7KH HOHFWRUOLF OHDNDJH ZDV
GHWHUPLQHG DFFRUGLQJ WR 6]DODL HW DO   >@
UHODWLYH ZDWHU FRQWHQW ZDV GHWHUPLQHG DQG WKH
FKORURSK\OO FRQFHQWUDWLRQV ȝJFP  DV IUHVK DUHD
FKD FKE DQG WRWDO FKO  RI RQH FP ZHUH
GHWHUPLQHGZLWKWKHPHWKRGRI0RUDQ  >@
$W KDUYHVW GDWH WKH SODQWV GULHG LQ D KRW DLU
RYHQDW&WRFRQVWDQWZHLJKWDQGSRGVZHUHFRO
OHFWHG IURP HDFK UHSOLFDWH DQG VRPH \LHOG FULWHULD
VXFK DV SRGV QXPEHU SRGV ZHLJKW J  QXPEHU RI
VHHGVVHHG\LHOG J DQGVHHGZHLJKW J ZHUH
GHWHUPLQHG6RPHPLQHUDOV 13.DQG1D LQWKH

VHHGV ZHUH GHWHUPLQHG 0L[HGDFLGGLJHVWLRQ
PHWKRG RI &KDSPDQ DQG 3DUNHU   >@ ZDV
XVHG IRU PLQHUDO H[WUDFWLRQ )RU 1LWURJHQ  
GHWHUPLQDWLRQ DQG FUXGH SURWULQ   D NMOGDKO
PHWKRG ZDV DSSOLHG >@ &RORULPHWULF
GHWHUPLQDWLRQ RI SKRVSKRUXV   ZDV PHDVXUHG
DFFRUGLQJ WR 6QHOO DQG 6QHOO   >@ 6RGLXP
1D  DQG 3RWDVVLXP .  ZHUH GHWHUPLQHG LQ
GLJHVWHGVROXWLRQE\IODPHSKRWRPHWHUDVGHVFULEHG
E\-DNVRQ  >@

6WDWLVWLFDO DQDO\VLV 'DWD ZHUH VXEMHFWHG WR
DQDO\VLV RI YDULDQFH XVLQJ WKH &RVWDW VWDWLVWLFDO
SURJUDP0HDQVZDVHYDOXDWHGE\'XQFDQ VPXOWLSOH
UDQJHWHVWVDW3YDOXH 'XQFDQ >@


5(68/76

'DWD SUHVHQWHG LQ 7DEOH   VKRZHG WKDW
LUULJDWLRQZLWKERWKOHYHOVRIGLOXWHGVHDZDWHU
SSP 6  DQG  SSP 6  OHG WR VLJQLILFDQW
UHGXFWLRQLQSODQWKHLJKWQXPEHURIOHDYHVOHDIDUHD
DQG VKRRW GU\ ZHLJKW RI IDED EHDQ SODQWV WKLV
UHGXFWLRQ LQFUHDVHG E\ LQFUHDVLQJ VDOLQLW\ OHYHOV
FRPSDUHG ZLWK FRQWURO WUHDWPHQW GXULQJ ERWK
VHDVRQV)ROLDUDSSOLFDWLRQRISUROLQH 3U DWP0
RUP0FRQFHQWUDWLRQVDQGVDOLF\OLFDFLG 6$ DW
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P0 RU  P0 FRQFHQWUDWLRQV FDXVHG VLJQLILFDQW
$OVRWKHREWDLQHGGDWDVKRZHGWKDWSUROLQHFRQWHQW
LQFUHDVHVLQWKHVHJURZWKSDUDPHWHUVFRPSDUHGZLWK
ȝPROJ  LQ IDED EHDQ OHDYHV ZDV VLJQLILFDQWO\
WKH SODQWV LUULJDWHG ZLWK GLOXWHG VHDZDWHU 6 DQG
LQFUHDVHG XQGHU VHDZDWHU VDOLQLW\ WUHDWPHQW 6 RU
6  8QGHU GLOXWHG VHDZDWHU WUHDWPHQW IROLDU VSUD\
6  FRPSDUHG ZLWK FRQWURO WUHDWPHQW GXULQJ ERWK
ZLWKP03UDQGP06$DORQHRULQFRPELQDWLRQ
VHDVRQV ,Q DGGLWLRQ WKH DSSOLFDWLRQ RI 3U DQG 6$
ZHUHPRVWHIIHFWLYHFRPSDUHGWRVWUHVVHGXQWUHDWHG
DORQH RU LQ FRPELQDWLRQV LQFUHDVHG SUROLQH FRQWHQW
SODQWV 6DQG6 
XQGHUVHDZDWHUVDOLQLW\HVSHFLDOO\P0OHYHORI3U
7KHH[SRVHGIDEDEHDQSODQWVWRVDOLQLW\VWUHVV
7KHVH ILQGLQJV FRQILUP WKDW SUROLQH DQG VDOLF\OLF
OHDGVWRYDULRXVFKDQJHVLQFOXGLQJWKHSHUFHQWDJHRI
DFLGKDYHSLYRWDOUROHLQLPSURYHPHQWUHODWLYHZDWHU
UHODWLYH ZDWHU FRQWHQW 5:&  HOHFWURO\WH OHDNDJH
FRQWHQW GHFUHDVLQJ HOHFWURO\WH OHDNDJH DQG
(/  DQG SUROLQH FRQWHQW ȝPROJ  5HODWLYH ZDWHU
UHJXODWLQJSUROLQHFRQWHQWLQIDEDEHDQSODQWVXQGHU
FRQWHQW VLJQLILFDQWO\ GHFUHDVHG LQ IDED EHDQ SODQWV
WZROHYHOVRIVHDZDWHUVDOLQLW\VWUHVV
LUULJDWHG ZLWK GLOXWHG VHDZDWHU 6 RU 6  WKH
7KHREWDLQHGUHVXOWVLQ7DEOH  LQGLFDWHGWKDW
UHGXFWLRQ ZDV PRUH REYLRXV LQ WKH SODQWV LUULJDWHG
WKHUHLVDKDUPIXOHIIHFWRIVDOLQLW\RQFKORURSK\OOD
ZLWKKLJKVDOLQLW\FRQFHQWUDWLRQ 6 FRPSDULQJZLWK
EDQGWRWDOFKORURSK\OOFRQFHQWUDWLRQVRQWKHOHDYHV
FRQWUROSODQWVLQERWKVHDVRQV 7DEOH ,QFRQWUDVW
RI IDED EHDQ SODQWV LUULJDWHG ZLWK GLOXWHG VHDZDWHU
HOHFWURO\WH OHDNDJH (/  VLJQLILFDQWO\ LQFUHDVHG LQ
GXULQJERWKVHDVRQVWKHVHSKRWRV\QWKHWLFSLJPHQWV
WKH VDOW VWUHVVHG SODQWV FRPSDUHG ZLWK FRQWURO
VLJQLILFDQWO\UHGXFHGZLWKLQFUHDVHWKHVDOLQLW\OHYHOV
WUHDWPHQWGXULQJWZRVHDVRQV$GGLWLRQDOO\SUROLQH
FRPSDUHG ZLWK FRQWURO SODQWV :KLOH 3U DQG 6$
FRQWHQW FRQVLGHUDEO\ LQFUHDVHG LQ IDED EHDQ SODQWV
WUHDWPHQWVQRWRQO\FRXQWHUHGWKHLQMXULRXVHIIHFWRI
XQGHU VDOW VWUHVV FRQGLWLRQV FRPSDUHG ZLWK FRQWURO
VDOLQLW\ RQ WKH SKRWRV\QWKHWLF SLJPHQWV EXW DOVR
SODQWV7KHH[RJHQRXVDSSOLFDWLRQVRI3UDQG6$DW
LQFUHDVHG WKHLU FRQFHQWUDWLRQV LQ IDED EHDQ OHDYHV
DOO OHYHOV OHG WR VLJQLILFDQW LQFUHDVH LQ 5:& DQG
FRPSDUHGZLWKWKHVDOWVWUHVVHGSODQWVZLWKRXW3UDQG
GHFUHDVH (/ LQ WKH VWUHVVHG SODQWV DQG WKH
6$WUHDWPHQWV
FRPELQDWLRQVRI3UDQG6$JDYHWKHEHVWUHVXOWV


7$%/(
(IIHFWRISUROLQHDQGVDOLF\OLFDFLGRQSKRWRV\QWKHWLFSLJPHQWV FKORURSK\OODEDQGWRWDOFKORURSK\OO RI
IDEDEHDQSODQWVJURZQXQGHUVHDZDWHUVDOLQLW\VWUHVVDIWHUGD\VIURPVRZLQJGXULQJDQG
VHDVRQV
&KE ȝJFP 
7RWDO&K ȝJFP 
&KD ȝJFP 
7UHDWPHQW
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7$%/(
(IIHFWRISUROLQHDQGVDOLF\OLFDFLGRQOHDIUHODWLYHZDWHUFRQWHQW 5:& HOHFWURO\WHOHDNDJH (/ DQG
SUROLQHFRQWHQWRIIDEDEHDQSODQWVJURZQXQGHUVHDZDWHUVDOLQLW\VWUHVVDIWHUGD\VIURPVRZLQJGXULQJ
DQGVHDVRQV
5:&

(/

3UROLQHPROJ

7UHDWPHQW
&RQWURO
6
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66$
63U6$
63U6$
6
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7KHDFWLYLWLHVRIDQWLR[LGDQWHQ]\PHVFDWDODVH
&$7  SHUR[LGDVH 32;  DQG SRO\SKHQRO R[LGDVH
332 ZHUHVWLPXODWHGDVDUHVXOWRIDELRWLFVDOLQLW\
VWUHVV )LJXUH 7KHSUHVHQWHGUHVXOWVUHYHDOHGWKDW
VHDZDWHU VDOLQLW\ OHG WR VLJQLILFDQW LQFUHDVHV LQ
DQWLR[LGDQWHQ]\PHVDFWLYLWLHV&$7HQ]\PHDFWLYLW\
ZDV LQFUHDVHG GUDPDWLFDOO\ DV D UHVXOW RI VWUHVV
WUHDWPHQWV 6 RU 6  DV FRPSDUHG WR WKH FRQWURO
KRZHYHUZKHQWKHVWUHVVHGSODQWVZHUHWUHDWHGZLWK
SUROLQHVDOLF\OLFDFLG 6$ RUFRPELQDWLRQRIERWK
SUROLQH DQG VDOLF\OLF DFLG XQGHU WZR VWUHVV OHYHOV
&$7 HQ]\PH DFWLYLW\ ZDV VLJQLILFDQWO\ GHFUHDVHG
SDUWLFXODUO\ XQGHU WKH VWUHVV OHYHO 6 )LJXUH   ,W
VHHPVWKDWVWUHVVOHYHO 6 ZDVPXFKEHWWHUWKDQ
66LPLODUO\32;DQG332HQ]\PHDFWLYLWLHVZHUH
GHFUHDVHG DV D UHVXOW RI WUHDWPHQWV XQGHU WKH WZR
VDOLQLW\ OHYHOV 6 DQG 6  KRZHYHU WKH
VLJQLILFDQFHRIGHFUHDVHZHUHDFKLHYHGZLWKVDOLQLW\
OHYHO  6  DV FRPSDUHG ZLWK WKH FRQWURO DQG
WUHDWPHQWVXQGHUOHYHO )LJXUH 
7KHYDULRXVFKDQJHVLQWKHFRQFHQWUDWLRQVRI1
3 . DQG .1D UDWLR RI IDED EHDQ SODQWV WKDW
LUULJDWHGZLWKWZROHYHOVRIGLOXWHGVHDZDWHU 6RU

6  ZHUH REVHUYHG LQ 7DEOH  7KH LUULJDWLRQ ZLWK
GLOXWHG VHDZDWHU 6 RU 6  FDXVHV VLJQLILFDQW
UHGXFWLRQ LQ WKH FRQFHQWUDWLRQV RI 1 3 . DQG
.1D UDWLR LQ IDED EHDQ OHDYHV WKLV GHFUHDVH RI
PLQHUDOV LQFUHDVHG E\ LQFUHDVLQJ VDOLQLW\ OHYHOV
FRPSDUHG ZLWK FRQWURO SODQWV GXULQJ ERWK VHDVRQV
&RQWUDULZLVH 1D FRQFHQWUDWLRQ LQFUHDVHG
VLJQLILFDQWO\ XQGHU WKH KLJK OHYHO RI VDOLQLW\ 6 
FRPSDULQJZLWKWKHODZOHYHORIVDOLQLW\DQGFRQWURO
WUHDWPHQW )ROLDU DSSOLFDWLRQ RI 3U DQG 6$ DW DOO
FRQFHQWUDWLRQVOHGWRLQFUHDVH13.DQG.1D
UDWLR KRZHYHU WKH FRQFHQWUDWLRQ RI 1D ZDV
GHFUHDVHGLQWKHVWUHVVHGIDEDEHDQOHDYHVFRPSDUHG
ZLWKWKHVWUHVVHGXQWUHDWHGSODQWV
7KH\LHOGFKDUDFWHUVDUHLPSRUWDQWILQDOVWUHVV
LQGLFDWRUV 3RGV QXPEHU VHHGV QXPEHU VHHG \LHOG
DQGVHHGZHLJKWSHUSODQWVLJQLILFDQWO\DIIHFWHG
E\ VHDZDWHU VDOLQLW\ VWUHVV 7DEOH   8QGHU WZR
OHYHOVRIGLOXWHGVHDZDWHU 6DQG6 SRGVQXPEHU
VHHGV QXPEHU DQG VHHG \LHOG DV ZHOO DV  VHHG
ZHLJKWSHUSODQWZHUHVLJQLILFDQWO\GHFUHDVHGLQERWK
VHDVRQVFRPSDUHGZLWKFRQWUROWUHDWPHQW








E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
(IIHFWRISUROLQHDQGVDOLF\OLFDFLGRQOHDIPLQHUDOFRQFHQWUDWLRQVRIIDEDEHDQSODQWVJURZQXQGHU
VHDZDWHUVDOLQLW\VWUHVVDIWHUGD\VIURPVRZLQJGXULQJDQGVHDVRQV
1
7UHDWPHQW

&RQWURO
6
63U
63U
66$
66$
63U6$
63U6$
6
63U
63U
66$
66$
63U6$
63U6$

3

.

1D

.1DUDWLR






























D
J
HI
DE
GHI
D
GHI
D
J
I
FGH
I
EFG
GHI
DEF

D
H
GH
DEF
GH
DE
FGH
DE
I
GH
EFGH
H
DEFG
GH
DEF

D
H
E
E
E
E
E
E
H
G
EF
G
FG
EFG
E

D
I
F
EF
F
EF
EF
E
J
H
FG
H
GH
F
EF

D
K
HI
EFGH
J
DEFG
IJ
DE
K
IJ
GH
J
FGH
IJ
DEF

D
I
H
FG
H
EF
H
E
I
H
G
H

J
EF
GH
HI
G
GHI
HI
I
D
E
E
E
EF
EF
F

I
EF
G
G
G
G
G
H
D
EF
F
E
EF
F
G

D
K
G
F
G
F
F
E
L
JK
IJ
IJK
HI
IJ
H

D
K
GH
F
GH
F
FG
E
L
IJK
I
JK
I
IJ
H

EFG

H
EF

&RQWURO WDSZDWHU6 SSPGLOXWHGVHDZDWHU6 SSPGLOXWHGVHDZDWHU
3U P03UROLQH3U P03UROLQH6$ P0VDOLF\OLFDFLG
6$ P0VDOLF\OLFDFLG
9DOXHVZLWKLQWKHVDPHFROXPQZLWKWKHVDPHOHWWHUDUHQRWVLJQLILFDQWO\GLIIHUHQWDWSUREDELOLW\OHYHOE\'057


)XUWKHUPRUH WKH KLJK OHYHO RI VDOLQLW\ ZDV PRUH
LQMXULRXVWKDQWKHORZOHYHORQSRGVQXPEHUVHHGV
QXPEHUDQGVHHG\LHOGDVZHOODVVHHGZHLJKWSHU
IDED EHDQ SODQW +RZHYHU IROLDU DSSOLFDWLRQ RI
SUROLQHDQG6$DWDOOFRQFHQWUDWLRQVOHGWRLPSURYH
SRGVQXPEHUVHHGVQXPEHUDQGVHHG\LHOGDVZHOODV
VHHGZHLJKWSHUIDEDEHDQSODQWXQGHUVHDZDWHU
VWUHVV7KHEHVWWUHDWPHQWZDV3UDWP06$DW
P0FRQFHQWUDWLRQVLQERWKVHDVRQVXQGHUVHDZDWHU
VWUHVVFRQGLWLRQV


',6&866,21

7KHREWDLQHGUHVXOWVLQ7DEOHVKRZHGWKDWWKH
UHGXFWLRQLQJURZWKFKDUDFWHUVVXFKDVSODQWKHLJKW
QXPEHURIOHDYHVOHDIDUHDDQGVKRRWGU\ZHLJKWRI
IDEDEHDQSODQWVPLJKWEHGXHWRWKHKDUPIXOHIIHFW
RI VDOLQLW\ RQ ZDWHU DEVRUSWLRQ IURP URRW WR VKRRW
V\VWHP FRQVHTXHQWO\ GHFUHDVH WKH JURZWK DQG
GHYHORSPHQWRIIDEDEHDQSODQWV7KHVHUHVXOWVDUH
LQDJUHHPHQWZLWKWKHREWDLQHGUHVXOWVZLWK>
@1HYHUWKHOHVVDSSOLFDWLRQRI3UDQG6$OHGWR
LQFUHDVHWKHJURZWKSDUDPHWHUVRIVDOWVWUHVVHGIDED
EHDQ SODQWV WKLV LQFUHDVH PD\ EH GXH WR WKH
LPSRUWDQW UROH RI 6$ DQG 3U LQ PLWLJDWLRQ WKH
LQMXULRXVLPSDFWVRIVDOLQLW\DQGHQKDQFHVWKHSODQW
VWDWXVDQGGHYHORSPHQW7KHSRVLWLYHHIIHFWVRI6$
DQG3UZHUHREVHUYHGXQGHUVHYHUDOVWUHVVIDFWRUV>
@

2XU UHVXOWV LQ 7DEOH  LQGLFDWHG WKDW FKORURSK\OO
SLJPHQWV VLJQLILFDQWO\ UHGXFHG XQGHU GLOXWHG
VHDZDWHU VWUHVV WKH UHGXFWLRQ LQ FKORURSK\OO
SLJPHQWVPD\EHGXHWRWKHGDPDJHRIFKORURSODVWV
FDXVHGE\UHDFWLYHR[\JHQVSHFLHV>@WKHGLVRUGHU
RIWK\ODNRLGPHPEUDQHVZLWKPRUHGHJUDGDWLRQWKDQ
V\QWKHVLV RI FKORURSK\OO YLD WKH IRUPDWLRQ RI
FKORURSK\OODVHZKLFKLVUHVSRQVLEOHIRUFKORURSK\OO
GHJUDGDWLRQDQGILQDOO\UHGXFLQJWKHSKRWRV\QWKHWLF
UDWH >@ 7KH DGYHUVH HIIHFWV RI VDOLQLW\ VWUHVV RQ
FKORURSK\OOSLJPHQWVKDYHEHHQUHSRUWHGLQVHYHUDO
SODQWV VXFK DV FKLFNSHD >@ FRPPRQ EHDQ >@
IDEDEHDQ >@ DQGVZHHWSHSSHU >@ 7KHQHJDWLYH
HIIHFWVRQFKORURSK\OOFRQFHQWUDWLRQVDOVRUHFRUGHG
XQGHU GURXJKW VWUHVV LQ PDQ\ SODQWV >@ 7KH
H[RJHQRXV DSSOLFDWLRQ RI 3U DQG 6$ RQ VWUHVVHG
SODQWVFDXVHGVLJQLILFDQWLQFUHDVHVLQDOOFRPSRQHQWV
RI SKRWRV\QWKHWLF SLJPHQWV FRPSDUHG ZLWK WKH
VWUHVVHGXQWUHDWHGSODQWV7KHVHUHVXOWVFRXOGEHGXH
WRWKHSRVLWLYHUROHRI6$DQG3ULQLPSURYHPHQWRI
FKORURSODVW VWUXFWXUH DQG SURWHFW WKH FKORURSK\OO
IURPGHJUDGDWLRQ>@
5HODWLYH ZDWHU FRQWHQW VLJQLILFDQWO\ UHGXFHG
EHFDXVHRIVHDZDWHUVDOLQLW\VWUHVVWKHKDUPIXOLP
SDFW RI VHDZDWHU VDOLQLW\ VWUHVV PD\ EH GXH WR WKH
QHJDWLYHUROHRIVDOLQLW\RQZDWHUDEVRUSWLRQFRQVH
TXHQWO\ GHFUHDVH ZDWHU FRQWHQW LQ OHDYHV RI IDED
EHDQ SODQWV 5HODWLYH ZDWHU FRQWHQW PD\ EH
GHFUHDVHG DFFRUGLQJ WR LQFUHDVH WKH ZDWHU FROXPQ
WHQVLRQDQGUHGXFHZDWHUXSWDNH>@7KHVHUHVXOWV
DUHLQKDUPRQ\ZLWKWKRVHREWDLQHGE\>@
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XQGHUYDULRXVVWUHVVIDFWRUV$GGLWLRQDOO\HOHFWURO\WH
OHDNDJH (/ DQGSUROLQHFRQWHQWZHUHVLJQLILFDQWO\
DIIHFWHGZLWKVDOLQLW\FRQGLWLRQVWKHSUROLQHFRQWHQW
DQG HOHFWURO\WH OHDNDJH ZHUH LQFUHDVHG LQ WKH
VWUHVVHG IDED EHDQ SODQWV 7KLV LQFUHPHQW LV D
UHVSRQVHWRWKHHIIHFWRIVHDZDWHUVDOLQLW\VWUHVVWKLV
KDUPIXOLPSDFWPLJKWEHGXHWRWKHQHJDWLYHHIIHFW
RI VHDZDWHU VDOLQLW\ RQ SODVPD PHPEUDQH VWDELOLW\
DQG VHOHFWLYH SHUPHDELOLW\ FRQVHTXHQWO\ LQFUHDVH
HOHFWURO\WH OHDNDJH $OVR SUROLQH FRQWHQW ZDV
LQFUHDVHGLQVWUHVVHGIDEDEHDQSODQWVWRFRSHZLWK
VHDZDWHU VDOLQLW\ VWUHVV FRQGLWLRQV :KHQ WKH
VWUHVVHG SODQWV WUHDWHG ZLWK 3U DQG 6$ WKH UHVXOWV
VKRZHG LPSURYHPHQW LQ UHODWLYH ZDWHU FRQWHQW UH
GXFHHOHFWURO\WHOHDNDJHDQGUHJXODWHSUROLQHFRQWHQ
WKHYDOXDEOHHIIHFWVRI3UDQG6$PD\EHH[SODLQHG
WKDW WKHVH FRPSRXQG DUH RVPRSURWHFWDQW DQG SOD\
VLJQLILFDQWUROHLQLQFUHDVLQJOHDYHVZDWHUFRQWHQW,Q
UHVSRQVHWRVWUHVVIDFWRUVSUROLQHDFFXPXODWHVLQWKH
SODQWWLVVXHVWRSURWHFWWKHVHWLVVXHVDJDLQVWR[LGDWLYH
VWUHVVFDXVHGE\UHDFWLYHR[\JHQVSHFLHVDVZHOODV
FRQWULEXWH LQ RVPRWLF DGMXVWPHQW PHPEUDQH
VWDELOLW\DQGSURWHFWSURWHLQVWUXFWXUHXQGHUDGYHUVH
HQYLURQPHQWDO FRQGLWLRQV >@ DQG ILQDOO\ SOD\
SLYRWDO UROH LQ ZDWHU VWDWXV LPSURYHPHQW DQG
GHFUHDVH HOHFWURO\WH OHDNDJH $OVR SUROLQH DQG 6$
WUHDWPHQWV ZHUH DEOH GHFUHDVH WKH VWUHVV DQG

QHXWUDOL]H WKH KDUPIXO HIIHFW RI UHDFWLYH R[\JHQ
VSHFLHV 526  DFFXPXODWLRQ LQ ZKLFK WKH FDXVH RI
&$732;DQG332DFWLYDWLRQ>@
8QGHU VHDZDWHU VDOLQLW\ VWUHVV WKH FRQWHQWV RI
13DQG.VLJQLILFDQWO\GHFUHDVHGLQVWUHVVHGIDED
EHDQ SODQWV KRZHYHU 1D LRQV VLJQLILFDQWO\
LQFUHDVHG 7KLV UHGXFWLRQ LQ 1 3 DQG . FRQWHQWV
PD\EHDWWULEXWHGWRWKHLQMXULRXVHIIHFWRIVHDZDWHU
VDOLQLW\RQWKHDYDLODELOLW\DQGVROXELOLW\RIQXWULHQWV
LQWKHVRLO$GGLWLRQDOO\1DLVWKHKLJKHVWWR[LFLRQ
ZKLFKDFFXPXODWHVXQGHUVHDZDWHUVDOLQLW\VWUHVVDQG
FRPSHWHV ZLWK . UHVXOWLQJ LQ D GHFUHDVH LQ .
XSWDNH 7KHVH UHVXOWV DUH LQ DFFRUGDQFH ZLWK WKRVH
REWDLQHGZLWK>@7KHDFFXPXODWLRQRI1D
LRQV OHG WR LQFUHDVH 1D. UDWLR LQ WKH VWUHVVHG
SODQWVDQGFRQVHTXHQWO\LQDFWLYDWHVPDQ\HQ]\PHV
LQSODQWPHWDEROLFSURFHVVHV>@2QWKHRWKHUKDQG
WKH .1D UDWLR VLJQLILFDQWO\ GHFUHDVHG XQGHU
VHDZDWHU VDOLQLW\ VWUHVV WKLV UHGXFWLRQ ZDV
DVVRFLDWHGZLWKKLJKDFFXPXODWLRQRI1DUHVXOWLQJ
LQ LRQ KRPHRVWDVLV GLVRUGHU LQ SODQW WLVVXHV >@
)ROLDU DSSOLFDWLRQ RI SUROLQH DQG 6$ VLJQLILFDQWO\
LQFUHDVHG13DQG.FRQWHQWDQGWKH.1DUDWLR
LQWKHVWUHVVHGSODQWV7KHUHVXOWVDUHLQDFFRUGDQFH
ZLWKWKRVHREWDLQHGE\>@
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(IIHFWRIWUHDWPHQWVRQFDWDODVH &$7 SHUR[LGDVH 32; DQGSRO\SKHQROR[LGDVHHQ]\PH 332 
DFWLYLWLHVLQIDEDEHDQSODQWVXQGHUVHDZDWHUVDOLQLW\VWUHVV&RQWUROSODQWVZHUHWUHDWHGZLWKZDWHU
6 6VDOLQLW\VWUHVVOHYHODQG6$VDOLF\OLFDFLG3USUROLQH

6HDZDWHUVDOLQLW\OHGWRVLJQLILFDQWGHFUHDVHVLQ
\LHOG FKDUDFWHUV RI IDED EHDQ SODQWV VXFK DV SRGV
QXPEHUVHHGVQXPEHUDQGVHHG\LHOGDVZHOODV
VHHGZHLJKWSHUSODQWWKLVUHGXFWLRQPD\EHGXHWR
WKH QHJDWLYH HIIHFWV RI VHDZDWHU RQ DYDLODELOLW\
VROXELOLW\DQGXSWDNHRIQXWULHQWVDVZHOODVGHFUHDVH
JURZWK FKDUDFWHUV FRQVHTXHQWO\ VXSSUHVVLQJ FHOO
HORQJDWLRQ DQG GLYLVLRQ DV ZHOO DV PHWDEROLF
LPEDODQFH LQ IDED EHDQ SODQW WLVVXHV DQG ILQDO\
UHGXFH\LHOGFRPSRQHQWVRIIDEDEHDQSODQWV7KHVH
ILQGLQJVDUHLQKDUPRQ\ZLWKWKHUHVXOWVRI:DQJHW
DO  >@1RQHWKHOHVVWKHWUHDWHGSODQWVZLWK
SUROLQH DQG VDOLF\OLF DFLG XQGHU VHDZDWHU VDOLQLW\
VWUHVV FDXVHG LQFUHDVHV LQ WKH DOO VWXGLHG \LHOG
FKDUDFWHUV 7KHVH LQFUHDVHV PLJKW EH GXH WR WKH
YDOXDEOH HIIHFW RI SUROLQH DQG VDOLF\OLF DFLG LQ
LPSURYLQJ IDED EHDQ SODQW VWDWXV DQG HQKDQFHV
SKRWRV\QWKHWLFSURFHVVELRFKHPLFDOIHDWXUHVDVZHOO
DVLQFUHDVHVHHGVQXPEHUDQGVHHG\LHOGDVZHOODV

 VHHG ZHLJKW SHU SODQW 7KHVH UHVXOWV DUH LQ
DJUHHPHQW ZLWK WKRVH REWDLQHG E\ DSSOLFDWLRQ RI
SUROLQHDQGVDOLF\OLFDFLG>@


$%%5(9,$7,216

3UROLQH 3U  6DOLF\OLF DFLG 6$  &DWDODVH &$7 
3HUR[LGDVH 32' 3RO\SKHQROR[LGDVH 332 


$&.12:/('*(0(176

7KH DXWKRUV H[WHQG WKHLU DSSUHFLDWLRQ WR
FROOHDJXHV DW 3ODQW 3DWKRORJ\ DQG %LRWHFKQRORJ\
/DE $FFUHGLWHG DFFRUGLQJ WR ,62  DQG
(3&56 ([FHOOHQFH &HQWUH &HUWLILHG DFFRUGLQJ WR
,62 ,62 DQG 2+6$6 
'HSDUWPHQW RI $JULFXOWXUDO %RWDQ\ )DFXOW\ RI
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5()(5(1&(6

>@ $EGHODDO.K$$  (IIHFWRI6DOLF\OLF
DFLGDQG$EVFLVLFDFLGRQPRUSKRSK\VLRORJLFDO
DQG DQDWRPLFDO FKDUDFWHUV RI IDED EHDQ SODQWV
9LFLD IDED /  XQGHU GURXJKW VWUHVV - 3ODQW
3URGXFWLRQ0DQVRXUD8QLY  
>@ 2UDEL 6 $ 0HNNL %% DQG 6KDUDUD ) $
  $OOHYLDWLRQ RI $GYHUVH (IIHFWV RI 6DOW
6WUHVV RQ )DED %HDQ 9LFLD IDED /  3ODQWV E\
([RJHQRXV $SSOLFDWLRQ RI 6DOLF\OLF $FLG
:RUOG $SSOLHG 6FLHQFHV -RXUQDO    

>@ =HLG,0  $OOHYLDWLRQRIVHDZDWHUVWUHVV
GXULQJJHUPLQDWLRQDQGHDUO\JURZWKRIEDUOH\
,QWHU-$JULF5HV5HY  
>@ $EGHODDO .K$$ (/0DJKUDE\ /0
(ODQVDU\ + +DIH] <0 ,EUDKLP (, (O
%DQQD 0 (O(VDZL 0 DQG (ONHOLVK $
  7UHDWPHQW RI 6ZHHW 3HSSHUZLWK 6WUHVV
7ROHUDQFH,QGXFLQJ &RPSRXQGV $OOHYLDWHV
6DOLQLW\6WUHVV2[LGDWLYH'DPDJHE\0HGLDWLQJ
WKH3K\VLR%LRFKHPLFDO$FWLYLWLHVDQG$QWLR[L
GDQW6\VWHPV$JURQRP\
>@ $]HYHGR1HWR$'3ULVFR-7(QpDV)LOKR
- $EUHX &(% DQG *RPHV)LOKR (  
(IIHFW RI VDOW VWUHVV RQ DQWLR[LGDWLYH HQ]\PHV
DQG /LSLG SHU R[LGDWLRQ LQ OHDYHV DQG URRWV RI
VDOWWROHUDQWDQGVDOWVHQVLWLYHPDL]HJHQRW\SHV
-(QYLURQ([S%RW
>@ +HODO\010RKDPPHG=(O6KDHHU\1,
$EGHODDO .K$$ DQG 1RIDO ,(  
&XFXPEHUJUDIWLQJRQWRSXPSNLQFDQUHSUHVHQW
DQ LQWHUHVWLQJ WRRO WR PLQLPL]H VDOLQLW\ VWUHVV
3K\VLRORJLFDO DQG DQDWRPLFDO VWXGLHV 0LGGOH
(DVW-RXUQDORI$JULFXOWXUH5HVHDUFK  

>@ +DVDQ 0. (O 6DEDJK $ 6LNGDU 06
$ODP 0- 5DWQDVHNHUD ' %DUXWFXODU&
$EGHODDO .K$ DQG ,VODP 06  
&RPSDUDWLYH DGDSWDEOH DJURQRPLF WUDLWV RI
EODFNJUDPDQGPXQJEHDQIRUVDOLQHODQGV3ODQW
$UFK±
>@ (O%DQQD 0) DQG $EGHODDO .$$  
5HVSRQVH RI 6WUDZEHUU\ 3ODQWV *URZQ LQ WKH
+\GURSRQLF6\VWHPWR3UHWUHDWPHQWZLWK+2
%HIRUH ([SRVXUH WR 6DOLQLW\ 6WUHVV - 3ODQW
3URG0DQVRXUD8QLY
>@ (/ 6DEDJK $ $EGHODDO .K$$ DQG
%DUXWFXODU &   ,PSDFW RI DQWLR[LGDQWV
VXSSOHPHQWDWLRQ RQ JURZWK \LHOG DQG TXDOLW\
WUDLWV RI FDQROD %UDVVLFD QDSXV /  XQGHU
LUULJDWLRQLQWHUYDOVLQ1RUWK1LOH'HOWDRI(J\SW
-([S%LRO$JULF6FL



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@$EGHODDO .K$$ +DIH] <0 (O$IU\ 0
7DQWDZ\'6DQG$OVKDDO7  (IIHFWRI
VRPH RVPRUHJXODWRUV RQ SKRWRV\QWKHVLV OLSLG
SHUR[LGDWLRQ DQWLR[LGDWLYH FDSDFLW\ DQG
SURGXFWLYLW\ RI EDUOH\ +RUGHXP YXOJDUH / 
XQGHUZDWHUGHILFLWVWUHVV(QYLURQ6FL3ROOXW
5HV
>@$EGHODDO.K$$$WWLD.$$ODPHU\6)
(O$IU\ 0 *KD]\ $, 7DQWDZ\ '6 $O
'RVV$(O6KDZ\($EX(OVDRXG$0DQG
+DIH]<0  ([RJHQRXV$SSOLFDWLRQRI
3UROLQH DQG 6DOLF\OLF $FLG FDQ 0LWLJDWH WKH
,QMXULRXV,PSDFWV RI'URXJKW 6WUHVVRQ %DUOH\
3ODQWV $VVRFLDWHG ZLWK 3K\VLRORJLFDO DQG
+LVWRORJLFDO &KDUDFWHUV 6XVWDLQDELOLW\   
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INFECTION AFFECT CELLULAR IMMUNITY AND
ANTIOXIDANT ENZYMES OF HYPHANTRIA CUNEA
DRURY (LEPIDOPTERA: ARCTIIDAE) LARVAE
Oguzhan Yanar1,*, Ulker Rizvanli1, Elif Fatma Topkara1, Sevcan Mercan2, Fatma Gonul Solmaz1
1

Department of Biology, Science and Art Faculty, Ondokuz Mayis University, 55139, Samsun, Turkey
2
Vocational School of Health Services, Ondokuz Mayis University, 55139, Samsun, Turkey

are mainly composed of metals and they serve in elemental defense [4]. Anthropogenic activities, such
as mining, smelting and agriculture, increase levels
of heavy metals such as cadmium (Cd), copper (Cu),
chromium (Cr), lead (Pb), arsenic (As) and nickel
(Ni) in soil, up to levels dangerous to plants, animals
and humans [5]. Most metals such as zinc (Zn) and
copper (Cu) have physiological functions in plants
and animals but are toxic at high concentrations. In
addition to certain effects on growth rate [6] and
mortality rate [7], heavy metals may have detrimental effects on immune defense. The effects of
contamination on immune function in humans and
other vertebrates have been studied in detail, but the
effect on immune function in invertebrates has received less attention [8, 9].
Insects are popular model organisms for immuno-ecological studies [10]. The immune defense
system in insects is less complex than the vertebrate
immune system and is based on innate immune defense. Since the circulatory systems of organisms are
constantly exposed to changes in environmental pollutants and rapidly show various physiological and
biochemical responses associated with contaminated
conditions, their immune status is ideal for monitoring the effects of environmental pollution [11]. Various antioxidant enzymes protect tissues and extracellular fluids from oxidative damage. Among the
most studied enzymes for detoxifying reactive oxygen species (ROS) are superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx).
SOD, one of these antioxidant enzymes, catalyzes
the decomposition of superoxide anion (*O2) molecule to hydrogen peroxide (H2O2) and molecular oxygen (O2) [12]. CAT degrades hydrogen peroxide
(H2O2) to water and molecular oxygen [13]. Glutathione peroxidase (GPx) is an important intracellular
enzyme that breaks down hydrogen peroxides
(H2O2) into water. This enzyme plays an important
role in inhibiting the lipid peroxidation process and
thus protects cells against oxidative stress [14]. Insects also defend themselves cellularly against a negative situation. Cells known as hemocytes serve in
this case.

ABSTRACT
The aim of this study was to investigate the effect of tannic acid, some heavy metals (nickel, zinc
and copper) and their combinations, and Bacillus
thuringiensis subsp. kurstaki infection on the catalase (CAT), glutathione peroxidase (GPx) and superoxide dismutase (SOD) enzymes and hemocyte
count of Hyphantria cunea larvae. For this purpose,
1 diet was prepared by adding tannic acid to 5% concentration of dry weight in the control diet. Nickel,
zinc, and copper solutions were prepared and 3 diets
were made and 3 diets were made with tannic acid
and heavy metal combinations. All analyzes were
determined by ANOVA-Dunnet test. The hemocyte
count was the highest in the larvae fed with the control diet. Hemocyte counts of all groups increased
with infection compared to control groups. SOD,
CAT and GPx activities of the larvae fed with heavy
metals and tannic acid diet increased compared to the
larvae fed with the control diet. Synergistic and antogonistic effects were observed in some groups
where heavy metals and tannic acid were combined.
KEYWORDS:
Heavy metal, Bacillus thuringiensis, enzyme, hemocyte,
tannic acid

INTRODUCTION
Plants take advantage of morphological and
chemical defenses against herbivore attacks. Morphological features such as trichomes, spines, cuticles and lignized cell walls may directly inhibit the
feeding of herbivores [1, 2]. Chemical defenses are
divided into two groups: organic and inorganic. Plant
secondary metabolites which act as phytoanthicipines or phytoalexins are organic compounds.
They either make the plant tissue toxic or have a
harmful effect [3]. Tannins, a secondary metabolite,
often have bitter taste and serve as a nutritional deterrent for most herbivores. Inorganic compounds
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Since insects form an important group with
global biological diversity [15], the potential effects
of heavy metal pollution and secondary compounds
on plants are noteworthy. Hyphantria cunea Drury
(Lepidoptera: Arctiidae) or fall webworm, which we
used in the study, is a highly polyphagous insect. H.
cunea has a wide range of hosts, from different forest
trees, fruit trees and ornamental plants to one-year
plants and weeds. The use of Bacillus thuringiensis
Berliner (Bt) as an entomopathogenic agent to control this pest is common. B. thuringiensis subsp.
kurstaki (Btk) is a bacterium commonly used as a biopesticide against agricultural and urban pests [16].
Bt toxicity is caused by the production of Cry toxins
į-endotoxin) that disrupt the midgut cells in susceptible insects that cause septicemia [17].
In our study, we preferred Cu, Ni and Zn, which
are generally hyperaccumulated metals by plants
[18]. As a secondary compound, we preferred the
most generally studied tannic acid [19]. We investigated how metals, tannic acid, and combinations affect both hemocyte count and antioxidant enzymes
of both control and infected larvae.

groups were fed with the diet for 5 days and then the
third legs of the larvae were cut and their hemolymphs were removed. In addition, 100 larvae for enzyme analysis and 50 larvae for hemocyte counts
were placed in eight different diet groups for the infected groups. After feeding for 5 days, larvae were
infected with 1 ml of Btk and the larvae were fed for
two more days. Then, hemolymphs of the larvae
were taken and hemocyte and enzyme analyzes were
performed.

MATERIALS AND METHODS

Giemsa dyeing of preparations to be used in
hemocyte counting. After the insect hemolymphs to
be used in the hemocyte count were placed in the eppendorf tubes, full preservative preparations were
obtained by dyeing with giemsa in order not to deteriorate the hemocyte structures. After the hemolymph was removed from the larvae in each group
and placed in eppendorf tubes, 10 μl of hemolymph
was spread for each slide. After drying the hemolymph spreaded on the slides, the giemsa dyeing
steps were applied.

Bacterial culture conditions and infection of
larvae with bacteria. Bacterial suspension with the
qualities of 600 nm (OD600) wave length and 0.189
optical density was prepared in order to infect the
larvae with bacteria. 1 ml of bacterial suspensions of
this concentration was transferred separately to the
artificial diets used in feeding larvae. Artificial diets
infected with bacteria were placed in plastic containers. In these containers, the determined amounts of
the last instar of H. cunea were placed in accordance
with the purpose of the study. The experimental setups were followed at 28°C in climate chamber and
under light setting.

Hyphantria cunea larvae were collected from
dDUúDPED district of Samsun, Turkey, in 2017. In our
previous studies [20, 21], an artificial diet was used
as control diet (CD) developed by Yamamoto [22].
Various diets were prepared by adding tannic acid
(TA) from secondary compounds and nickel (Ni),
zinc (Zn) and copper (Cu) from heavy metals in accordance with the aim of the study. Tannic acid was
added into artificial diet at 5% concentration of dry
weight (1 g). Three diets were made by preparing
nickel, zinc, and copper solutions. Stock solutions
were obtained by weighing 1.576 mg of heavy metals. 3 diets were prepared by adding heavy metal solutions into diet with tannic acid. In total 8 diets, one
of which is control diet, were prepared (Table 1).

Enzyme analysis. Protein determination was
made according to Lowry et al. method [23]. Catalase activity was determined by Lück method [24],
the superoxide dismutase activity was determined by
the spectrophotometric method of McCord and Fridovich [25] and Flohé and Ötting method [26]. Glutathione peroxidase enzyme activity was determined
by Lawrence and Burk method [27].

TABLE 1
Diet groups and diet contents
Diet Types
A
B
C
D
E
F
G
H

Diet contents
Control Diet (CD)
CD + Zn solution
CD + Cu solution
CD + Ni solution
CD + % 5 TA
CD+ TA+ Ni solution
CD+ TA+ Cu solution
CD+ TA+ Zn solution

Statistical analysis. In order to determine the
relationship between hemocyte count and enzyme
activation depending on the diet content, two independent samples t-test were used. SPSS 21 version
was used for these tests.
RESULTS AND DISCUSSION

Feeding experiments. Eight different diet
groups were formed for each feeding experiment in
control groups in enzyme analysis and hemocyte
count. 100 larvae were placed in each group for enzyme analysis and 50 larvae in each group to determine hemocyte counts. The larvae in the control

Among the control groups, the highest hemocyte count was in the larvae fed with control diet (A),
while the least hemocyte count was in the larvae fed
with diet with tannic acid and nickel used together
(F). Environmental pollutants such as insecticides
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and heavy metals can change hemocyte count [28].
In our study, hemocyte counts of all heavy metal
groups were found to be low compared to the control
(A). In addition, it was noted that the hemocyte
counts of the larvae fed with diets with tannic acid
and combined diets were lower compared to the control (A) (Figure 1). Bt exposure may lead to upregulation of the host immune response and an increase
in the hemocyte counts [29]. After infection, the hemocyte count of insects generally tends to increase
to prevent colonization of the pathogen or parasitoid.
In our study, hemocyte counts of all infected groups
were found to be increased compared to control
groups (df=89, F=712.4, P<0.001).
SOD is a metalloenzyme and therefore requires
a metal cofactor for its effectiveness. Copper and
zinc are important metals for superoxide dismutase
[30]. Matsuo et al. [31] found in a study with Delia
antiqua that SOD activity increased when Cu and Zn
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were added to the artificial diet. In our study, it was
determined that SOD activities of H. cunea larvae
increased by adding Zn, Cu and Ni to the diet compared to the control group (A). In studies with Trichoplusia and Spodoptera eridania, it was found that
pro-oxidants induce SOD activity [32, 33]. An increase in SOD activity was noted with the addition
of tannic acid to the diet. Combinations of tannic
acid and heavy metal produced a different effect than
that of metal or tannic acid alone. The combined
groups had an antogonistic effect and reduced SOD
activities of the larvae (except for H). Exposure to
herbicides and pesticides inhibits SOD activity [34,
35]. An inhibition of SOD activities were found in
groups infected with tannic acid, nickel, and their
combination when compared to control groups (Figure 2). A statistically significant difference was
found between the control and infected groups
(df=89, F=1435.8, P<0.001).

FIGURE 1
Total hemocyte count of Hyphantria cunea larvae

FIGURE 2
Superoxide dismutase activities of Hyphantria cunea larvae
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FIGURE 3
Catalase activities of Hyphantria cunea larvae

FIGURE 4
Glutathione peroxidase activities of Hyphantria cunea larvae
in CAT activities of the other groups compared to the
control groups except for the infected groups where
tannic acid, nickel and their combination were used
together (Figure 3).
Heavy metals may enhance immune function
[9]. Compared to the control group (A), the GPx activities of larvae fed with both heavy metal and tannic acid diets increased. Pro-oxidant components are
present in their diets, while metals are known to increase oxidative stress in insects [40]. In groups
where tannic acid and copper, tannic acid and zinc
were used together, there was a different effect than
that of metal or tannic acid alone. Synergistic effect
was observed in these two groups and it was found
that the GPx activities of the larvae increased. GPx
is affected by pesticides [41]. In our study, Bt, a biopesticide, caused activation in some groups and
caused inhibition in some groups (Figure 4).

Superoxide radicals produced under oxidative
stress are rapidly converted to hydrogen peroxide by
SOD. Elevated levels of hydrogen peroxide induce
the activity of catalase, the primary cellular scavenger of H2O2. In our study, it was determined that
heavy metals added to the diet also increased CAT
activities due to SOD activities of larvae. An increase in CAT activity was occurred with the addition of tannic acid compared to the control group
(A). Tannic acid has pro-oxidant activity and tannin
oxidation leads to the production of reactive oxygen
species [36]. Oxidation produces O2-. Increased SOD
activity is consistent with studies with increased
SOD and CAT activities in phytophagous insects
consuming pro-oxidant-rich diets [37, 38]. Antagonistic effect was observed in the combined groups
and it was noted that the CAT activities of the larvae
were reduced (except for H). Sedeño-Diaz and
López-López [39] found that pesticides increased
CAT activity. It was found that there was an increase
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[10] Rolff, J., Siva-Jothy, M.T. (2003) Invertebrate
ecological immunology. Science. 301, 472-475.
[11] Thiagarajan, R., Gopalakrishnan, S., Thilagam,
H. (2006) Immunomodulation in the marine
green mussel Perna viridis exposed to sub-lethal concentrations of Cu and Hg. Archives of
Environmental Contamination and Toxicology.
51, 392-399.
[12] Ighodaro, O.M., Akinloye, O.A. (2018) First
line defence antioxidants-superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPX): their fundamental role in the entire
antioxidant defence grid. Alexandria Journal of
Medicine. 54, 287-293.
[13] Chelikani, P., Fita, I., Loewen, P.C. (2004) Diversity of structures and properties among catalases. Cellular and Molecular Life Sciences.
61, 192-208.
[14] Gill, S.S., Tuteja, N. (2010) Reactive oxygen
species and antioxidant machinery in abiotic
stress tolerance in crop plants. Plant Physiology
and Biochemistry. 48, 909-930.
[15] Sun, H.X., Liu, Y., Zhang, G.R. (2007) Effects
of heavy metal pollution on insects. Acta Entomologica Sinica. 50(2), 178-185.
[16] Glare, T., Caradus, J., Gelernter, W., Jackson,
T., Keyhani, N., Köhl, J., Marrone, P., Morin,
M., Stewart, A. (2012) Have biopesticides come
of age? Trends in Biotechnology. 30, 250-259.
[17] Jurat-Fuentes, J.L., Crickmore, N. (2017) Specificity determinants for Cry insecticidal proteins: insights from their mode of action. Journal
of Invertebrate Pathology. 142, 5-10.
[18] Reeves, R.D., Baker, A.J.M. (2000) Metal-accumulating plants. In: Raskin, I., Ensley, B.D.
(eds.) Phytoremediation of Toxic Metals: using
Plants to Clean up the Environment. John Wiley
and Sons. New York. 193-229.
[19] Jhee, E.M., Boyd, R.S., Eubanks, M.D. (2006)
Effectiveness of metal-metal and metal-organic
compound combinations against Plutella xylostella: implications for plant elemental defense. Journal of Chemical Ecology. 32(2), 239259.
[20] Yanar, O., Topkara, E.F. (2014) The synergistic
effect phenolic compounds on polyphagous herbivore Euproctis chrysorrhoea (L.) (Lepidoptera: Lymantriidae). Munis Entomology and Zoology. 9(1), 313-319.
[21] Yanar, O., Topkara, E.F., Gömeç, S. (2016)
Synergy of secondary compounds in the artificial foods of the last instar of Hyphantria cunea
Drury (Lepidoptera: Arctiidae). Applied Ecology and Environmental Research. 14(3), 195205.

CONCLUSION
This study demonstrates the effects of metal
and tannic acid combinations on the defenses of larvae rather than on each compound alone. While both
organic and inorganic compounds are present in their
diets, H. cunea larvae defend themselves against infection by both cellular and antioxidant enzymes.
Our understanding of the defense mechanism of this
insect will shed light on future studies.
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7R HVWLPDWH WKH JHQHUDO FRPELQLQJ DELOLW\
*&$ RIWKHSDUHQWVDQGVSHFLILFFRPELQLQJDELOLW\
6&$ IRU VHHG FRWWRQ \LHOG DQG ILEHU TXDOLW\ WUDLWV
DQGWKHPDJQLWXGHRIJHQHWLFGLYHUVLW\RIFRWWRQXQ
GHUZDWHUGHILFLWFRQGLWLRQ[KDOIGLDOOHOPDWLQJGH
VLJQ ZHUH XVHG 7KH UHVXOWV VKRZHG WKDW WKH PHDQ
VTXDUHV RI JHQRW\SHV SDUHQWV DQG FURVVHV ZHUH
KLJKO\VLJQLILFDQWIRUDOOVWXGLHGFKDUDFWHULVWLFV7KH
PHDQ VTXDUHV RI JHQHUDO FRPELQLQJ DQG VSHFLILF
FRPELQLQJ DELOLW\ ZHUH KLJKO\ VLJQLILFDQW IRU DOO
FKDUDFWHULVWLFV XQGHU ZDWHU GHILFLW ZKLFK LQGLFDWHG
WKHLPSRUWDQFHRIERWKDGGLWLYHDQGGRPLQDQFHHI
IHFWRQWKHLQKHULWDQFHRIWKHVHFKDUDFWHULVWLFV7KH
UDWLRRIWKH*&$DQG6&$ZDVKLJKHUWKDQXQLW\IRU
DOO WKH FKDUDFWHULVWLFV LQGLFDWLQJ WKH SUHYDOHQFH RI
DGGLWLYHJHQHHIIHFWLQWKHLQKHULWDQFHRIWKHLQYHVWL
JDWHGWUDLWV7KHSDUHQWDOJHQRW\SH*L]DUHFRUGHG
VLJQLILFDQW GHVLUDEOH  *&$ IRU PRVW \LHOG FRPSR
QHQWFKDUDFWHULVWLFVXQGHUVWUHVVFRQGLWLRQ+RZHYHU
WKHSURPLVLQJFURVV *L]D[.DU [*L]D[*L]D
 IROORZHGE\WKHQHZHVWH[WUDORQJYDULHW\*L]D
VKRZHGVLJQLILFDQW GHVLUDEOH *&$IRUOLQWSHU
FHQWDJHXQGHUGHILFLWFRQGLWLRQ*L]DZDVWKHEHVW
FRPELQHU IRU DOO VWXGLHG ILEHU SURSHUWLHV DQG UHF
RUGHGVLJQLILFDQWGHVLUDEOH*&$YDOXHVIROORZHGE\
*L]DXQGHUVWUHVVFRQGLWLRQ2QWKHEDVLFRI6&$
HIIHFWVUHYHDOHGWKDWPRVWRIWKHFRPELQDWLRQVKDY
LQJVLJQLILFDQW6&$HIIHFWVZHUHEHWZHHQJHQHWLFDOO\
GLYHUVHSDUHQWV)LYHFRPELQDWLRQVUHFRUGHGVLJQLIL
FDQWSRVLWLYH6&$YDOXHVIRUVHHGFRWWRQ\LHOG7KHVH
FRPELQDWLRQVFRQWDLQHGWKHSDUHQWDOJHQRW\SH*L]D
RU6XYHQDVDFRPPRQSDUHQW7KHFURVVFRPEL
QDWLRQ*[*UHFRUGHGWKHEHVW6&$HIIHFWVIRU
PRVWILEHUFKDUDFWHUV&OXVWHUDQDO\VLVVHTXHVWUDWHG
VHYHQSDUHQWDO JHQRW\SHVRIFRWWRQ LQWR IRXU PDMRU
JURXSV EDVHG RQ GLVVLPLODULW\ DPRQJ WKHP DQG 
FRQWULEXWHGFKDUDFWHUV7KHJHQRW\SHVSDUHQWV
DQG)K\EULGVZHUHJURXSHGLQWRPDMRUFOXV
WHUVEDVHGRQUHODWLYHGLVVLPLODULW\DPRQJWKHJHQR
W\SH DQG WKH VWXGLHG FRQWULEXWHG FKDUDFWHUV 7KH
KLJKHVWLQWHUFOXVWHUGLVWDQFH  ZDVREVHUYHG
EHWZHHQFOXVWHUDQGIROORZHGE\FOXVWHUDQG
  DQG FOXVWHU  DQG    LQGLFDWLQJ
ZLGHUJHQHWLFGLYHUJHQFHEHWZHHQWKHVHFOXVWHUV7KH
ORZHVWLQWHUFOXVWHUGLVWDQFHZHUHREVHUYHGEHWZHHQ
FOXVWHUVDQG  IROORZHGE\DQGFOXVWHUV

DQGDWODVWDQGFOXVWHUVVXJJHVWLQJDFORVHUHOD
WLRQVKLSEHWZHHQPHPEHUVRIWKHPDQGQDUURZJH
QHWLFGLYHUJHQFHDPRQJWKHJHQRW\SHV7KHPDJQL
WXGH RI KHWHURVLV ODUJHO\ GHSHQGV RQ GHJUHH RI JH
QHWLFGLYHUVLW\DPRQJSDUHQWVDQGKHQFHVHOHFWLRQRI
SDUHQWV IURP WKHVH FOXVWHUV VKRXOG EH DYRLGHG IRU
FRPELQDWLRQEUHHGLQJ
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,PSURYHPHQWRIFRWWRQ\LHOGDQGILEHUTXDOLW\
LVVWLOOWKHXOWLPDWHDLPRIWKHPRVWEUHHGLQJVWUDWH
JLHV RI (J\SWLDQ FRWWRQ SURJUDP &RWWRQ DUHD LQ
(J\SWLVVKLIWLQJJUDGXDOO\RXWVLGHWKH'HOWDUHJLRQ
WRQHZUHFODPDWLRQDUHDVZKLFKVXIIHULQJIURPZDWHU
VKRUWDJH&RWWRQLVDQHVVHQWLDODJULFXOWXUDOSURGXFW
IRUWKHJHQHUDOHFRQRP\EHFDXVHLWVXSSOLHVILEHUIRU
WH[WLOHVDQGLWLVRQHRIWKHPRVWHVVHQWLDODJULFXO
WXUDODVLQGXVWULDOFURSVLQWKHZRUOG>@&RWWRQ
FURSFDQRYHUFRPHPDQ\VWUHVVHVOLNHDGHTXDWHVRLO
DQGDLUWHPSHUDWXUHV7KHEHVWSUDFWLFHLVWRSODQWDF
FRUGLQJWRVRLOWHPSHUDWXUHQRWRQO\IROORZLQJWRWKH
FURS FDOHQGDU >@ 6LQFH WKH FRWWRQ SURGXFWLRQ FR
YHUVDZLGHUDQJHRIHQYLURQPHQWVFRQGLWLRQV>@
:DWHUVKRUWDJHDQGGURXJKWKDYHEHFRPHDQLQ
FUHDVLQJO\ VHULRXV FRQVWUDLQWV OLPLWLQJ FRWWRQ SUR
GXFWLRQ ZRUOGZLGH GXH WR FRQWLQXRXV FKDQJLQJ
JOREDOFOLPDWH>@7KHGHPDQGIRUGURXJKWWROHUDQW
JHQRW\SHVZLOOEHH[DFHUEDWHGDVWKHVKRUWDJHRIZD
WHU UHVRXUFHV *HQHWLFDOO\ HTXLYDOHQW FRWWRQ SODQW
SRSXODWLRQ VXEPLWWHG WR ZDWHU GHILFLHQW GXULQJ WKH
SHULRGEHWZHHQIORZHULQJDQGIUXFWLILFDWLRQUHGXFHG
ILEUH\LHOGXSWRDVFRPSDUHGWRWKRVHWKDWKDYH
EHHQLUULJDWHG>@,PSURYHPHQWRI\LHOGDQG
\LHOGVWDELOLW\DQGGHYHORSPHQWRIGURXJKWWROHUDQW
YDULHWLHVXQGHUZDWHUVWUHVVFRQGLWLRQVLVWKHEHVWRS
WLRQIRUWKHSXUSRVHRIFURSSURGXFWLRQ>@
)RUVXFFHVVIXOEUHHGLQJRIFRWWRQFXOWLYDUVWRO
HUDQWWRGURXJKWWKURXJKFRQYHQWLRQDODSSURDFKWKH
EDVLFLQIRUPDWLRQDERXWWKHEUHHGLQJPDWHULDOPXVW
EH DYDLODEOH WR WKH EUHHGHUV )LUVWO\ WKHUH PXVW EH
VLJQLILFDQWYDULDELOLW\LQJHQRW\SLFUHVSRQVHWRZDWHU
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WKUHHUHSOLFDWLRQVXQGHUZDWHUGHILFLWZLWKIRXULUUL
JDWLRQVRQO\ LUULJDWHGSHULRGDERXWGD\V (DFK
H[SHULPHQWDO EORFN WKHUHIRUH FRQWDLQHG  SORWV
DQGHDFKSORWZDVVLQJOHURZZLWKPORQJDQG
P ZLGH +LOOV ZHUH VSDFHG  P DSDUW WR 
KLOOVURZ $W VHHGOLQJ VWDJH KLOOV ZHUH WKLQQHG WR
NHHS FRQVWDQW VWDQG RI WZR SODQWVKLOO$OO URXWLQH
FXOWXUDO SUDFWLFHV ZHUH GRQH DV 6DNKD UHJLRQ 7HQ
JXDUGHGSODQWVRIHDFKUHSOLFDWHVZHUHXVHGWRHVWL
PDWHWKHIROORZLQJHLJKWWUDLWVLHVHHGFRWWRQ\LHOG
OLQWSHUFHQWDJHEROOZHLJKWVHHGLQGH[ILEHUILQH
QHVVLQPLFURQDLUHILEHUVWUHQJWKLQSUHVVHO\LQGH[
)6  ILEHU OHQJWK LQ PHOOLPHWHU )/ PP  DQG XQL
IRUPLW\UDWLR 85 
7KHDOOREWDLQHGGDWDZHUHDQDO\VHGE\IROORZ
LQJVWDWLVWLFDOSURFHGXUHVDFFRUGLQJWRWKHDQDO\VLVRI
YDULDQFHIRUUDQGRPL]HGFRPSOHWHEORFNVGHVLJQDV
RXWOLQHG E\ >@ *HQHUDO DQG VSHFLILF FRPELQLQJ
DELOLW\ HVWLPDWHV ZHUH REWDLQHG E\ HPSOR\LQJ >@
GLDOOHOFURVVDQDO\VLVGHVLJQDWHGDVPHWKRGPRGHO
,0XOWLYDULDWHWHFKQLTXHZDVXVHGWRDVVHVVWKHVLP
LODULWLHV DPRQJ YDULHG JURXSV DQG WR HYDOXDWH PRU
SKRORJLFDO SDUDPHWHUV FRQWULEXWLQJ WR WKH YDULDWLRQ
LQHDFKJHQRW\SH+LHUDUFKLFDOFOXVWHULQJSURFHGXUH
XVLQJ:DUG VPLQLPXPYDULDQFHPHWKRGZKLFKPLQ
LPL]HZLWKLQJURXSVXPRIVTXDUHVDFURVVDOOSDUWL
WLRQVZDVDSSOLHGWRGHWHUPLQHWKHJHQHWLFGLYHUVLW\
DQG GLVWDQFH DV RXWOLQHG E\ >@ DQG GHYHORSHG E\
>@7KH(XFOLGHDQGLVWDQFHZDVFRPSXWHGDQGWKH
UHVXOWVIURPFOXVWHULQJDQDO\VLVDUHSUHVHQWHGDVGHQ
GURJUDP $OO FRPSXWDWLRQV ZHUH SHUIRUPHG XVLQJ
6366 YHUVLRQ 
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7KHUHVXOWVLQ7DEOHH[KLELWHGWKDWWKHPHDQ
VTXDUHV RI JHQRW\SHV SDUHQWV DQG FURVVHV ZHUH
KLJKO\VLJQLILFDQWIRUDOOVWXGLHGFKDUDFWHULVWLFV7KH
UHVXOWVLQGLFDWHGWKDWWKHH[SHULPHQWDOPDWHULDOVSRV
VHVVHG D FRQVLGHUDEOH DPRXQW RI YDULDELOLW\ ZKLOH
SDUHQWV YHUVXV FURVVHV ZDV LQVLJQLILFDQW IRU DOPRVW
FKDUDFWHULVWLFV0HDQVTXDUHVRIJHQHUDOFRPELQLQJ
DQG VSHFLILF FRPELQLQJ DELOLW\ ZHUH KLJKO\ VLJQLIL
FDQWIRUDOOFKDUDFWHULVWLFVXQGHUZDWHUGHILFLWDQG 

VWUHVV DQG VHFRQGO\ WKLV YDULDWLRQ PXVW EH JHQHW
LFDOO\FRQWUROOHG)HZVWXGLHV>@UHYHDOHGWKDW
ZDWHUVWUHVVWROHUDQWLQGossypium hirsutum LLVXQ
GHUJHQHWLFFRQWURO
)RUDVXFFHVVIXOFRWWRQEUHHGLQJSURJUDPWKH
SUHVHQFHRIJHQHWLFGLYHUVLW\SOD\VDYLWDOUROHZKLFK
LVHVVHQWLDOWRPHHWWKHGLYHUVLILHGJRDOVRISODQWLP
SURYHPHQWVXFKDVDWWHPSWLQJWRLQFUHDVH\LHOGSR
WHQWLDODGDSWDWLRQDQGGHVLUDEOHTXDOLW\DVZHOODVUH
VLVWDQFHWRDELRWLFVWUHVV'HYHORSLQJKLJK\LHOGLQJ
FRWWRQ FXOWLYDUV LV DQ LPSRUWDQW REMHFWLYHRI FRWWRQ
EUHHGLQJSURJUDPV,QIRUPDWLRQRQWKHVWUXFWXUHRI
JHQHWLF GLYHUVLW\ RI FRWWRQ OHG WKH SODQW EUHHGHU WR
FKRRVHWKHGLYHUJHQFHRISDUHQWVIRUK\EULGL]DWLRQ
EHFDXVHLWJHQHUDWHVSDUDPHWHUVIRULGHQWLI\LQJVXSH
ULRUSDUHQWDO
7KHUHIRUHWKHSUHVHQWUHVHDUFKDLPHGWRVWXG\
WKHJHQHWLFYDULDELOLW\RIFRWWRQJHQRW\SHVXQGHUZD
WHUGHILFLWFRQGLWLRQHVWLPDWHRIJHQHUDODQGVSHFLILF
FRPELQLQJDELOLW\XQGHUYDULRXVHQYLURQPHQWVWRLVR
ODWH VXSHULRU DQG FURVV FRPELQDWLRQV WR EH XVHG LQ
EUHHGLQJSURJUDPV$OVR DVVHVVPHQW DQGTXDQWLI\
LQJ RI JHQRW\SLF DQG GHWHFW WKH JHQHWLF GLYHUJHQFH
DPRQJSDUHQWDOJHQRW\SHVDQGSDUHQWDOZLWKK\EULGV
DQGLWVUHODWLRQWRFRPELQLQJDELOLW\LQRUGHUWRVHOHFW
WKHPRVWVXLWDEOHFRPELQDWLRQVDQGSDUHQWVIRUPRVW
FKDUDFWHULVWLFV


0$7(5,$/6$1'0(7+2'6

7KH ILHOG H[SHULPHQWV ZHUH FDUULHG RXW DW WKH
6DNKD ([SHULPHQWDO )DUP 6DNKD$JULFXOWXUDO 5H
VHDUFK &HQWHU *L]D (J\SW GXULQJ  DQG 
JURZLQJ VHDVRQV7KH JHQHWLF PDWHULDO XVHG LQ WKLV
VWXG\ FRQVLVWHG RI VHYHQ FRWWRQ JHQRW\SHV *RVV\
SLXP EDUEDGHQVH /  EHORQJLQJ WR FRWWRQ YDULHWLHV
QDPHO\*L]D*L]D*L]DSURPLVLQJFURVV
*[.DU [ *[* *L]D*L]DDQG
,QGLDQ JHQRW\SH 6XYHQ ZHUH PDGH D KDOI GLDOOHO
PHHWLQJGHVLJQLQ
,QWKHVHDVRQRIWKHHQWULHVFRWWRQJHQ
RW\SHV VHYHQSDUHQWVDQGWKHLU)FURVVHV ZHUH
JURZQLQDUDQGRPL]HGFRPSOHWHEORFNGHVLJQZLWK


7$%/(
0HDQVTXDUHVRIVHYHQSDUHQWVDQG)IRU\LHOGDQG\LHOGFRPSRQHQWVXQGHUZDWHUVWUHVV
629
')
5HSOLFDWLRQV
*HQRW\SHV * 
3DUHQWV 3 
&URVVHV & 
3DUHQWYHUVXVFURVVHV
*&$
6&$
(UURU
*&$6&$











6HHGFRW
WRQ\LHOG
*P 
 
 
 
 
 
 
 



/LQWSHU
FHQWDJH
 
 
 
 

 
 



%ROO
ZHLJKW
*P 
 
 
 
 

 
 







6HHG
LQGH[

0LFURQDLUH
YDOXH

)63UHVOH\
LQGH[

)LEHU
OHQJWK
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7$%/(
(VWLPDWHVRI*&$HIIHFWVIRUDOOSDUHQWVIRU\LHOGDQG\LHOGFRPSRQHQWVXQGHUZDWHUVWUHVV
3DUHQWV
*  
6XYHQ
*  
*  
*[.DU[*[*
*  
*  
/6'




6HHGFRWWRQ
\LHOG

 


/LQWSHU
FHQWDJH
 
 

%ROO
ZHLJKW
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0LFURQDLUH
YDOXH








 






)6SUHVOH\
LQGH[






)LEHU
OHQJWK
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 VLJQLILFDQWDQGKLJKO\VLJQLILFDQWDWDQGSUREDELOLW\OHYHOVUHVSHFWLYHO\


FRPELQLQJDELOLW\IRUPRVW\LHOGFRQWULEXWLQJFKDU
WZRW\SHVRIFRPELQLQJDELOLW\ZHUHLQYROYHGLQWKH
DFWHULVWLFVXQGHUVWUHVVFRQGLWLRQ+RZHYHUWKHSD
JHQHWLFH[SUHVVLRQRIWKHVHFKDUDFWHULVWLFVDVZHOODV 
UHQWDO6XYHQZDVWKHEHVWJHQHUDOFRPELQHUIRUVHHG
LQGLFDWHGWKHLPSRUWDQFHRIERWKDGGLWLYHDQGGRPL
FRWWRQ\LHOGRQO\7KHSURPLVLQJFURVVRI *L]D[
QDQFHHIIHFWRQWKHLQKHULWDQFHRIWKHVHFKDUDFWHULV
.DU [*L]D[*L]D VKRZHGDVLJQLILFDQW GH
WLFV7KH UDWLR RI *&$6&$ ZDV KLJKHU WKDQ XQLW\
VLUDEOH *&$IRUOLQWSHUFHQWDJHXQGHUZDWHUGHILFLW
IRUDOOWKHFKDUDFWHULVWLFVLQGLFDWLQJWKHSUHYDOHQFHRI
FRQGLWLRQIROORZHGE\WKHQHZHVWH[WUDORQJYDULHW\
DGGLWLYHJHQHHIIHFWLQWKHLQKHULWDQFHRIWKHLQYHVWL
*L]D7KHSDUHQWVZLWKKLJK*&$IRUFRWWRQ\LHOG
JDWHG WUDLWV 7KHVH UHVXOWV VXSSRUW WKH ILQGLQJ RI
DQGLWVFRPSRQHQWVFRXOGEHXWLOL]HGWKURXJKVHOHF
>@
WLRQ HDUO\ JHQHUDWLRQ VLQFH *&$ ZDV DIIHFWHG E\

DGGLWLYHJHQHDFWLRQDQGLWVIL[DEOHW\SH7KHVHUH
*HQHUDO FRPELQLQJ DELOLW\ *&$  IURP WKH
VXOWVDUHLQKDUPRQ\ZLWKWKRVHREWDLQHGE\>
UHVXOWVLQ7DEOHFOHDUHGWKDWWKHSDUHQWDOJHQRW\SHV
@
*L]D  UHFRUGHG D VLJQLILFDQW GHVLUDEOH  JHQHUDO

7$%/(
(VWLPDWHVRI6&$IRU\LHOGDQG\LHOGFRPSRQHQWVXQGHUZDWHUVWUHVVLQKDOIGLDOOHOK\EULGVRIFRWWRQ 
&URVVHV
*;6XYHQ
*;*
*;*
*; *[.DU[
* [*
*;*
*;*
6XYHQ;*
6XYHQ;*
6XYHQ; *[.DU[
* [*
6XYHQ;*
6XYHQ;*
*;*
*; *[.DU[
* [*
*;*
*;*
*; *[.DU[
* [*
*;*
*;*
*[.DU[* [
*;*
*[.DU[* [
*;*
*;*

6HHGFRW
WRQ\LHOG

/LQWSHU
FHQWDJH

%ROO
ZHLJKW

6HHGLQ
GH[

0LFURQDLUH
YDOXH

)6SUHVOH\
LQGH

)LEHU
OHQJWK
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+LHUDUFKLFDO FOXVWHULQJ DQDO\VLV 7KLV SURFH
7KHSDUHQWDOJHQRW\SHV*L]DZDVWKHEHVWFRP
GXUH ZKLFK XVLQJ GLVMRLQW FOXVWHU DQDO\VLV RQ WKH
ELQHUIRUDOOILEHUSURSHUWLHVVWXGLHGWUDLWVDQGUHF
EDVLFRI:DUG¶VPHWKRGDQGLQWHUYDO(XFOLGHDQGLV
RUGHGVLJQLILFDQWGHVLUDEOH*&$YDOXHVIROORZHGE\
WDQFHZDVDSSOLHGWRLOOXVWUDWHUHODWLYHJHQHWLFZLWKLQ
*L]DZKLFKVLJQLILFDQWYDOXHIRUXQLIRUPLW\UDWLR
DJLYHQJHUPSODVP
XQGHU VWUHVV FRQGLWLRQ 6LPLODU UHVXOWV ZHUH LQ DF
7KHGDWDPDWUL[RIWKHGLVVLPLODULW\FRHIILFLHQWV
FRUGDQFHZLWKWKRVHREWDLQHG>@
RQWKHEDVLFRI(XFOLGHDQGLVWDQFHDUHSUHVHQWHGLQ

7DEOH   7KH GLVVLPLODULW\ FRHIILFLHQWV DPRQJ
6SHFLILFFRPELQLQJDELOLW\ 6&$ RQWKHEDVLF
VHYHQFRWWRQJHQRW\SHVFRUUHVSRQGLQJWRSRVVLEOH
RI 6&$ HIIHFWV UHYHDOHG WKDW PRVW RI WKH FRPELQD
FRPSDULVRQV VKRZHG WKDW DERXW  RI WKH YDOXHV
WLRQVKDYLQJVLJQLILFDQW6&$HIIHFWVZHUHQRWHGEH
ZHUHVLJQLILFDQWDV&KLVTXDUHVYDOXHV
WZHHQ JHQHWLFDOO\ GLYHUVH SDUHQWV DV VWDWHG E\ >@
7KHVH FRHIILFLHQWV ZHUH UDQJHG IURP  EH
DQGPRVWFRPELQDWLRQVZKLFKKDGJRRG6&$ZHUH
WZHHQWKHSDUHQWV*L]DDQG*L]DWREH
KDYLQJ RQH RUWZRSDUHQWV RI WKHLUJRRG [JRRGRU
WZHHQWKH,QGLDQJHQRW\SH 6XYHQ DQG(J\SWLDQYD
JRRG[SRRU*&$  'DWDLOOXVWUDWHGLQ7DEOHUH
ULHWLHV*L]D7KHZLGHUDQJHRIJHQHWLFGLVWDQFH
YHDOHGWKDWQRFURVVFRPELQDWLRQVZHUHVXUSDVVHGLQ
DPRQJWKHJHQRW\SHPD\UHIOHFWWKHSUHVHQFHRIZLGH
DOO \LHOG DQG ILEHU FKDUDFWHULVWLFV  )LYH FRPELQD
UDQJHRIJHQHWLFYDULDWLRQDPRQJWKHP6LPLODUUH
WLRQV UHFRUGHG VLJQLILFDQW SRVLWLYH 6&$ YDOXHV IRU
VXOWVZHUHREWDLQHGE\>@
VHHGFRWWRQ\LHOG7KHVHFRPELQDWLRQVFRQWDLQHGWKH
&OXVWHU DQDO\VLV VHTXHVWUDWHG VHYHQ SDUHQWDO
SDUHQWDOJHQRW\SH*L]DRU6XYLHQDVDFRPPRQ
JHQRW\SHVRIFRWWRQLQWRIRXUPDMRUJURXSVEDVHGRQ
SDUHQW 7KH FURVV FRPELQDWLRQ 6XYHQ [ * RE
GLVVLPLODULW\DPRQJWKHPDQGFRQWULEXWHGFKDU
VHUYHG WKH KLJKHVW SRVLWLYH VLJQLILFDQW 6&$ HIIHFWV
DFWHULVWLFVDVVKRZQLQ)LJXUH,WLVFOHDUWKDWWKH
IRU OLQW SHUFHQWDJH IROORZHG E\ *  [ * DQG
(J\SWLDQ YDULHW\ *L]D  DQG WKH ,QGLDQ JHQRW\SH
* [ * )RU EROO ZHLJKW WKUHH FURVVHV UHJLV
6XYHQ  ZHUH JURXSHG LQWR WZR ZLGH FOXVWHUV DQG
WHUHG WKH SRVLWLYH DQG VLJQLILFDQW 6&$ HIIHFWV7KH
KDYLQJ ZLGH GLVVLPLODULW\ FRHIILFLHQWV FRPSDUHG
PD[LPXP6&$HIIHFWIRUEROOZHLJKWZDVREVHUYHG
ZLWK RWKHU SDUHQWV 7DEOH   7KHVH SDUHQWV YDULHG
E\FRPELQDWLRQRI*[*7KHKLJKHVW6&$HI
*&$ IRU PRVW FKDUDFWHULVWLFV +RZHYHU WKH (J\S
IHFWV IRU VHHG LQGH[ ZDV REVHUYHG IURP WKH FURVV
WLDQSDUHQWV*L]D*L]DDQGWKHSURPLVLQJFURVV
FRPELQDWLRQ *[.DU[* [*[*7KH
*L]DZHUHJURXSHGLQWRWKHVDPHJURXS7KHH[
FURVV FRPELQDWLRQ * [ * UHFRUGHG WKH EHVW
WUDORQJYDULHW\*L]DIRUPHGXQLTXHFOXVWHUZLWK
6&$HIIHFWVIRUPRVWILEHUFKDUDFWHULVWLFV6LPLODUUH
*L]DDQGGLYHUJHQWIURPWKLVFOXVWHU,QWKLVPDQ
VXOWV ZHUH UHSRUWHG E\ >@ 6XFK FURVVHV
QHU>@JURXSHGQLQHSDUHQWVFRWWRQLQWRVL[PDMRU
ZKLFKLQFOXGHGRQHJRRGDQGSRRUJHQHUDOFRPELQHU
FOXVWHUWKH(J\SWLDQFXOWLYDUVIRUPHGXQLTXHJURXS
FRXOGSURGXFHGHVLUDEOHWUDQVDJJUHVVLYHVHUJHDQWV
DQGZLGHGLYHUJHQFHIURPWKHRWKHUSDUHQWV
LIIL[DEOHJHQHFRPSOH[ DGGLWLYH LQJRRGFRPELQHUV
'LVWULEXWLRQRISDUHQWDOJHQRW\SHVLQGLIIHUHQW
DQG FRPSOHPHQWDU\ HSLVSDVWLF HIIHFW LQ SRRU FRP
FOXVWHU LV JLYHQ LQ 7DEOH   7KH FOXVWHULQJ SDWWHU
ELQHUV DFWHG LQ WKH VDPH GLUHFWLRQ WR PD[LPL]H WKH
EDVHGRQ(XFOLGHDQGLVWDQFHRIWKHVHYHQSDUHQWVUH
GHVLUDEOHDWWULEXWHV6LPLODUFRQFOXVLRQZDVUHSRUWHG
YHDOHGWKHH[LVWHQFHRIIRXUPDMRUJURXSV )LJXUH 
E\>@7KHUHIRUHWKHVHFURVVHVZRXOGE\RISUDFWL
FOXVWHU,LQFOXGHRQHSDUHQWDOJHQRW\SHDVDQ(J\S
FDOLPSRUWDQFHLQEUHHGLQJSURJUDPIRUWKHGHYHORS
WLDQFXOWLYDU*L]DDQGZLGHO\GLYHUJHQWGLVWDQFH
PHQWRIHLWKHUK\EULGFRWWRQYHULWLHVRUSXUHFRWWRQ
IURP WKH RWKHU JHQRW\SHV7KLV JHQRW\SH H[KLELWHG
VLQFH LW VXUSDVVHG WKH EHVW SHUIRUPLQJ SDUHQWV DQG
WKHJRRGFRPELQHUIRUDOO\LHOGWUDLWVZLWKEHVWYDOXH
FRQVLGHUHGDVJRRGFRPELQHUIRUPRVW\LHOGDQGLWV
IRUEROOZHLJKWDQGOLQWSHUFHQWDJH 7DEOH &OXVWHU
FRPSRQHQWV DQG ILEHU WUDLWV 7KH VDPH FRQFOXVLRQ
,,FRQVLVWHGRIRQHSDUHQWDOJHQRW\SHDV,QGLDQJHQ
ZDVREWDLQHGE\>@
RW\SH 6XYHQ WKLVJHQRW\SHVVKRZHGJRRGYDOXHV 


7$%/(
'LVVLPLODULW\FRHIILFLHQWVDPRQJSDUHQWDOFRWWRQJHQRW\SH
&OXVWHUV

*

6XYHQ

(8&/,
*

*

*

*
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7$%/(
,QWHUDQGLQWUDFOXVWHUGLVWDQFHEHWZHHQWKHVHYHQFOXVWHUV
&OXVWHU













































IRU PRVW \LHOG DQG ILEHU FKDUDFWHULVWLFV DOVR LW
IRUPHGDZLGHGLYHUJHQWGLVWDQFHIURPWKHRWKHUJHQ
RW\SHV7KH(J\SWLDQJHQRW\SH*L]DSODWWHGLQWKH
VDPHFOXVWHUZLWK*L]DDQGWKHSURPLVLQJFURVV
*L]D  &OXVWHU   ZLWK LQIHULRU YDOXHV RI JHQHUDO

FRPELQLQJDELOLW\IRUPRVWWUDLWV&OXVWHUIRXUFRQ
VLVWHGRIWZRH[WUDORQJYDULHWLHV*L]DDQG*L]D
 DQG FKDUDFWHUL]HG DV WKH JRRG FRPELQHU IRU DOO
ILEHUFKDUDFWHUV,QWKLVWUHQG>@JURSHGSDUHQWDO
JHQRW\SHVLQVL[PDMRUFOXVWHUVZLWKYDULHGPHDQYDO
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'LVWULEXWLRQRIFRWWRQJHQRW\SHVLQGLIIHUHQW
FOXVWHUVLVLVVKRZQLQ)LJXUH  7KHGDWDUHYHDOHG
WKHH[LVWHQFHRIPDMRUJURXSV&OXVWHU  ZDVWKH
ODUJHVW DQG FRQVLVWHG RI VL[ JHQRW\SHV WKUHH FURVV
FRPELQDWLRQV ZLWK WKUHH SDUHQWV  DQG LW FDQ EH GL
YLGHGLQWRWZRVXEFOXVWHUV&OXVWHUFRQVLVWHGRI
IRXU)K\EULGVZLWKWKH,QGLDQJHQRW\SH6XYHQDQG
FORVHO\UHODWHGZLWKFOXVWHUZKLFKFRQWDLQVWKUHH
) FRPELQDWLRQV 7KH ) FRPELQDWLRQV *L]D  [
6XYHQ*L]D[6XYHQ*L]D[*L]DDQG*L]D
[*L]DIRUPHGDVLQJOHFOXVWHUDQGGLYHUJHQW
GLVWDQFH IURP RWKHU JURXSV 0RVW ) FRPELQDWLRQV
ZHUH DJJUHJDWHG LQ GLIIHUHQW FOXVWHUV DQGGLYHUJHQW
IURPWKHRULJLQDOSDUHQWV
,WLVRILQWHUHVWWRQRWHWKDWFURVVLQJRIGLVWDQWO\
UHODWHGSDUHQWVPD\JLYHWKHEHVWK\EULGZKLFKVXU
SDVVHG WKHLU SDUHQWV LQ PRVW FKDUDFWHUV DQG VKRXOG
SURGXFH KLJKHU JHQHWLF YDULDELOLW\ LQ VHJUHJDWLRQ
JHQHUDWLRQUDWKHUWKDQFURVVLQJEHWZHHQFORVHO\UH
ODWHG SDUHQWV >@ 6LPLODU FRQFOXVLRQV ZHUH RE
WDLQHGE\>@
'DWDIURP7DEOH  LOOXVWUDWHGWKHLQWHUFOXVWHU
GLVWDQFH7KHLQWHUFOXVWHUGLVWDQFHZDVKLJKHUWKDQ
WKHLQWUDFOXVWHUGLVWDQFHLQGLFDWLQJZLGHJHQHWLFGL
YHUVLW\DPRQJWKHJHQRW\SHV7KHKLJKHVWLQWHUFOXV
WHUGLVWDQFH  ZDVREVHUYHGEHWZHHQFOXVWHU
DQGIROORZHGE\FOXVWHU,DQG  DQG
FOXVWHU  DQG    ZKLFK UHYHDOHG ZLGHU JH
QHWLF GLYHUJHQFH EHWZHHQ WKHVH FOXVWHUV ,W LV ZHOO
UHFRJQL]HGWKDWJUHDWHUWKHGLVWDQFHEHWZHHQFOXVWHUV
ZLGHUWKHJHQHWLFGLYHUVLW\ZRXOGEHDPRQJWKHJHQ
RW\SHV,QWHUFURVVLQJEHWZHHQWKHVHFOXVWHUVPLJKW 

XHV WKRXJK FOXVWHU DQDO\VLV JURXSHG JHQRW\SH WR
JHWKHUZLWKJUHDWHUPRUSKRORJLFDOVLPLODULW\
7KH LQWHUFOXVWHUGLVWDQFH ZDV KLJKHU WKDQ WKH
LQWUDFOXVWHUGLVWDQFHLQGLFDWLQJZLGHJHQHWLFGLYHU
JHQHDPRQJWKHJHQRW\SH 7DEOH 7KHKLJKHVWLQ
WHUFOXVWHUGLVWDQFHZDVREVHUYHGEHWZHHQFOXVWHU
DQG  IROORZHG E\ FOXVWHUV  DQG  LQGLFDWLQJ
ZLGHUJHQHWLFGLYHUJHQFHEHWZHHQWKHVHJURXSV2Q
WKHRWKHUVLGHWKHORZHVWLQWHUFOXVWHUGLVWDQFHZLWK
UHFRUGHGEHWZHHQFOXVWHUDQGIROORZHGE\FOXVWHU
DQGVKRZLQJQDUURZJHQHWLFGLYHUJHQFH7KHSD
UHQWDO OLQHV EHORQJLQJ WR WKHVH FOXVWHUV ZHUH UHOD
WLYHO\ FORVHU WR HDFK RWKHU LQ FRPSDULVRQ WR OLQHV
ZKLFKJURXSHGRQRWKHUFOXVWHU>@

$PRQJ SDUHQWDO JHQRW\SHV DQG KHLU )
SURJHQLHV7KHJHQRW\SHVHYHQSDUHQWVDQG)
K\EULGVZHUHJURXSHGLQWRPDMRUFOXVWHUVEDVHG
RQUHODWLYHGLVVLPLODULW\DPRQJWKHJHQRW\SHDQGWKH
VWXGLHGFRQWULEXWHGFKDUDFWHULVWLFVDVVKRZQLQ)LJ
XUH+RZHYHUWKHVHYHQSDUHQWVZHUHDJJUHJDWHLQ
IRXU PDMRU JURXSV 7KH ) K\EULG GLIIHUHG VLJQLIL
FDQWO\ IURP HDFK RWKHU DQG PRVW ) FRPELQDWLRQ
ZHUH JURXSHG LQWR GLIIHUHQW FOXVWHU DQG ZLGH IURP
SDUHQW )LJXUH 7KHUHODWLYHGLVWULEXWLRQRISDU
HQWVDQGWKHLU)KHWHUR]\JRXVLQGHQGURJUDPUHIOHFW
DERDUGSDUDOOHOLVPEHWZHHQGLYHUJHQFHGLVWDQFHDQG
JHQHUDODQGVSHFLILFFRPELQLQJDELOLW\7KHGLVWULEX
WLRQ SDWWHUQ RI WKH ) KHWHUR]\JRXV ZDV OHVV LQIOX
HQFHG E\ WKHLU SDUHQWV DV H[SHFWHG RQ WKH EDVLF RI
FORVHDIILQLW\EHWZHHQWKHSDUHQWVDQGWKHLU)SURJH
QLHV>@


),*85(
'HQGURJUDPGHULYHGIURP83*0$FOXVWHUDQDO\VLVRIJHQRW\SHVHYHQSDUHQWVDQG)K\EULGVZHUH
JURXSHGLQWRWHQPDMRUFOXVWHUVEDVHGRQUHODWLYHGLVVLPLODULW\DPRQJWKHJHQRW\SHVDQGWKHVWXGLHGFRQ
WULEXWHGFKDUDFWHUV
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&OXVWHUV



































7$%/(
,QWHUFOXVWHUGLVWDQFHDPRQJFOXVWHUV




   
   
   
  

 

























UHVXOWLQJLQZLGHDUUD\RIYDULDELOLW\PDNLQJVHOHF
WLRQHIIHFWLYH>@7KHK\EULGVGHYHORSHGIURPWKH
VHOHFWHGJHQRW\SHVZLWKLQWKHOLPLWRIFRPSDWLELOLW\
RIWKHVHFOXVWHUVPD\SURGXFHGHVLUDEOHWUDQVJUDVVLYH
VHJUHJDWHVRIKLJKPDJQLWXGHRIKHWHURVLV7KHORZ
HVW LQWHU FOXVWHU GLVWDQFHV ZHUH REVHUYHG EHWZHHQ
FOXVWHUV  DQG    IROORZHG E\  DQG 
 DQGDQG  VXJJHVWLQJDFORVHUH
ODWLRQVKLSEHWZHHQPHPEHUVRIWKHPDQGQDUURZJH
QHWLF GLYHUJHQFH DPRQJ WKH JHQRW\SH 6LQFH WKH
PDJQLWXGHRIKHWHURVLVODUJHO\GHSHQGVRQGHJUHHRI
JHQHWLFGLYHUVLW\DPRQJSDUHQWV


&21&/86,216

7R FRQFOXGH WKH UHVXOWV FRQILUPHG WKDW WKH
PDJQLWXGHRIKHWHURVLVODUJHO\GHSHQGVRQGHJUHHRI
JHQHWLFGLYHUVLW\DPRQJSDUHQWVDQGKHQFHVHOHFWLRQ
RI SDUHQWV IURP WKHVH FOXVWHUV VKRXOG EH DYRLG IRU
FRPELQDWLRQEUHHGLQJ7KHVHUHVXOWVDUHUHVWULFWHGWR
PDWHULDORISODQWWKDWDUHLQYHVWLJDWHGDQGWKHUHIRUH
FRXOGQRWEHUHOHDVHGPRVWRIFRWWRQJURZLQJUHJLRQV
IDFLQJLQVXIILFLHQF\RIZDWHULQ(J\SW


$&.12:/('*(0(176

7KLVZRUNZDVQRWVXSSRUWHGE\DQ\IXQGV:H
WKDQN3URI&KDRGRQJ:XIRUKLVFRQVWUXFWLYHFRP
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THE ROADSIDE GREEN SPACES AND THEIR
POSSIBILITIES TO MODIFY MICROCLIMATE
CONDITIONS IN THE URBAN ENVIRONMENT
Nadezda Stojanovic*, Mirjana Tesic, Nenad Stavretovic, Jovana Petrovic, Aleksandar Lisica, Sasa Matic
'HSDUWPHQWRI/DQGVFDSH$UFKLWHFWXUHDQG+RUWLFXOWXUH)DFXOW\RI)RUHVWU\8QLYHUVLW\RI%HOJUDGH%HOJUDGH6ɟUELD

ABSTRACT

@GXHWRWKHLQFUHDVLQJDQGHYLGHQWFOLPDWHFKDQJH
LQWHQVLYHXUEDQL]DWLRQDQGFRYHULQJIUHHVSDFHVE\
inert materials that have different thermal properties
WKDQWKHQDWXUDORQHV7KHUHIRUHVFLHQWLILFUHVearch
that provides guidance and recommendations on
KRZWRPLWLJDWHWKHVHHIIHFWVRIXUEDQRYHUKHDWLQJ
especially through the use of natural materials (such
DVSODQWV PD\EHFRQVLGHUHGSDUWLFXODUO\VLJQLILFDQW
>@
City microclimate conditions are of JUHDW LP
portance for the people. Medical research papers
consider that good climate conditions are the one
ZLWKWHPSHUDWXUHUDQJHVIURPɋDQGWKHRQH
does not feel pleasant outside this ranges, therefore
KLVFRPIRUWFRXOGEHFRQVLGHUHGUHGXFHG>@. Many
VWXGLHVVKRZWKDWHVSHFLDOO\GXULQJWKHVXPPHUVHD
VRQDYHUDJHGDLO\DLUWHPSHUDWXUHVULVHDERYHWKHRS
WLPXPYDOXHV>@
2QH RI WKH EDVLF IXQFWLRQV RI XUEDQ JUHHQ
VSDFHV LV WKH PRGLILFDWLRQ RI PLFURFOLPDWH FRQGL
tions in the immediate environmenW>@3ODQW
PDWHULDO LQ XUEDQ JUHHQ VSDFHV FRQWULEXWHV VLJQLIL
cantly to improve the environment quality, acting on
WKH VHWWOHPHQW PLFURFOLPDWH UHGXFLQJ DLU WHPSHUD
WXUHH[WUHPHVDQGLQFUHDVLQJWKHUHODWLYHDLUKXPLG
ity, reducing the negative effects RIZDUPLQJFUHDW
ing a cooling effect and providing fresh air supply to
FLWLHVWKXVLQFUHDVLQJWKHRYHUDOOXUEDQFRPIRUW>
@
8UEDQJUHHQVSDFHVLQIOXHQFHWRWKHPRGLILFD
WLRQRIDLUWHPSHUDWXUHDQGKXPLGLW\GHSHQGVRQVHY
HUDOIDFWRUVWKHVL]H DQGELRSK\VLFDOVWUXFWXUHRIWKH
green areas, plant species and type, season, time of
WKHGD\SUHYDLOLQJORFDOZHDWKHUFRQGLWLRQVHWF>
20@
7KHUHDUHPDQ\VWXGLHVVKRZLQJWKDWODUJHURU
VPDOOHU FLW\ SDUNV XUEDQ IRUHVWV DQG RWKHU ODUJH
green spaces within city play a significant role in the
RYHUDOODPHOLRUDWLRQRIWKHFLW\ VFOLPDWH>20, 23
@KRZHYHUWKHUHDUHDODUJHQXPEHURIVPDOOVL]HG
JUHHQ VSDFHV LQ XUEDQ DUHDV HVSHFLDOO\ DORQJ EXV\
FLW\ URDGV  ZKRVH LQIOXHQFH WR WKH DLU WHPSHUDWXUe
PRGLILFDWLRQHVSHFLDOO\DLUKXPLGLW\LQWKHLPPHGL
DWHHQYLURQPHQWKDVQRWEHHQVXIILFLHQWO\H[SORUHG
7KLV SDSHU SUHVHQWV DQ HPSLULFDO VWXG\ RI WKH
impact magnitude of smallerVL]HG JUHHQ VSDFHV
KD  DORQJ PDMRU URDGZD\V LQ WKH %HOJUDGH FLW\

One of the largest and permanent sources of
various t\SHVRIXUEDQFLW\HQYLURQPHQWpollution is
road traffic. From the aspect of the city's climate,
ODUJHDVSKDOWVXUIDFHV RFFXSLHGE\FLW\URDGV KDYH
DQHIIHFWRQXUEDQDUHDRYHUKHDWLQJLQFUHDVLQJWKHU
PDOLVODQGVHIIHFWLQWKHFLW\DQGUHGXFLQJWKHDLUKX
midity in the immediate environPHQW%\HVWDEOLVK
ing roadside green spaces, the negative microclimate
consequences, that traffic in the city produces, can
EHJUHDWO\UHGXFHG7KLVSDSHULQYHVWLJDWHVWKHLP
pact magnitude of roadside green spaces (over two
years periods and during differeQW VHDVRQV  WR WKH
PRGLILFDWLRQ RI PLFURFOLPDWH FRQGLWLRQV XUEDQ DLU
WHPSHUDWXUH DQG KXPLGLW\  DV FOLPDWH IDFWRUV WKDW
most affect the comfort of life of people in the city.
7KH UHVXOWV DQG FRQFOXVLRQV RI WKLV SDSHU SURYLGH
useful recommendations and guidDQFH WKDW FDQ EH
applied in the planning, design and management of
roadside green spaces WRDGDSWFLWLHVWRRQJRLQJFOL
mate change.
KEYWORDS:
Roadside green spaces, Microclimate conditions, UUEDQ
environment

INTRODUCTION
8UEDQWUDIILFKDVDQHJDWLYHLPSDFWRQWKHXU
EDQ DUHDV HVSHFLDOO\ FOLPDWH FRQGLWLRQV >@ 7KH
dense road network FRQWULEXWHV WR WKH RYHUDOO LQ
FUHDVHRIWKHFRYHUHGVXUIDFHDUHDVZKLFKKDVDQHJ
DWLYHHIIHFWRQWKHFLW\ VFOLPDWH7KLVLPSDFWLVHV
pecially PDQLIHVWHGWKURXJKWKHFLW\DUHDVRYHUKHDW
ing, increasing the heat island effect and reducing the
RYHUDOODLUKXPLGLW\>@7KHFLW\FOLPDWHFRQGL
WLRQV DUH NQRZQ WR EH DGGLWLRQDOO\ GHJUDGH E\ WKH
JHQHUDOJOREDOZDUPLQJRIWKHDWPRVSKHUH+LJKKHDW
wave LQWHQVLWLHVLQXUEDQDUHDVZLWKXUEDQKHDWLVODQG
HIIHFWVDQGJOREDOZDUPLQJKDYHDQHJDWLYHLPSDFW
RQKXPDQKHDOWKDQGWKHLPPHGLDWHXUEDQHQYLURQ
PHQW>@$YHUDJHDQQXDOWHPSHUDWXUHLQFUHDVHDQG
WKHDYHUDJHDLUKXPLGLW\GHFUHDVHDUHDERXWWREHH[
pected LQWKHFLWLHVDVPDQ\UHVHDUFKHUVFRQILUP>
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area in WKHPRGLILFDWLRQRIDLUWHPSHUDWXUHDQGKX
PLGLW\ LQ WKH LPPHGLDWH XUEDQ HQYLURQPHQW RYHU D
two years period and over different seasons.
7KHUHVXOWVRIWKLVSDSHUFDQEHDSSOLHGDVXVH
ful recommendations and JXLGHOLQHV IRU WKH SODQ
ning, design and management of roadside green
VSDFHVWRPRGLI\PLFURFOLPDWHFRQGLWLRQVLQWKHLP
PHGLDWH XUEDQ HQYLURQPHQW 0RUH EURDGO\ WKH UH
VXOWVRIWKLVSDSHUFRQWULEXWHWRUHVHDUFKLQWRXUEDQ
adaptation to climate change and tKHPLWLJDWLRQHI
IHFWVRIXUEDQL]DWLRQ

Fresenius Environmental Bulletin

for air temperature and humidity measurement.
Measured values are read on two positions  in front
DQG LQ EHKLQG WKH UHSUHVHQWDWLYH URDGVLGH JUHHQ
space. All measurements were made in the morning,
DWDQRSHUDWLRQDOKHLJKWRIP PDQ VLPPHGLDWH
FRPIRUW]RQH DWHDFKPHDVXULQJSRLQW7KHLQVWUX
ments were placed under the sunshade cover when
measurements of the air temperature and humidity
were conducted.
,PSDFW PDJQLWXGH RI WKH UHSUHVHQWDWLYH URDG
VLGHJUHHQVSDFHLHPHDQGLIIHUHQFHLQWKHDLUWHP
SHUDWXUHDQGKXPLGLW\REWDLQHGDVWKHGLIIHUHQFHEH
WZHHQWKHPHDQYDOXHVPHDVXUHGLQIURQWRIDQGEH
hind the surveyed roadside green spaces.
7KHUHVHDUFKZDVFRQGXFWHGZLWKWKHDLP WR
determine the impact magnitude of representative
URDGVLGHJUHHQVSDFHVRQWKHDLUWHPSHUDWXUHDQGKX
PLGLW\ LQ WKH LPPHGLDWH HQYLURQPHQW   WR GHWHU
mine the significance of the difference in the impact
magnitude of the roadside green spaces to the air
WHPSHUDWXUHDQGKXPLGLW\GXULQJWKHGLIIHUHQWFDOHQ
dar years in which the surveys were conducted and
 WRGHWHUPLQHWKHVLJQLILFDQFHRIWKHGLIIHUHQFHEH
tween these impacts in relation to different seasons
VSULQJ VXPPHU DQG DXWXPQ  GXULQJ WKH JURZLQg
VHDVRQ RYHUWZR\HDUVRIVXUYH\ 
,%06366 6WDWLVWLFV  DQG 0LFURVRIW ([FHO
ZHUHXVHGWRDQDO\]HWKHGDWDDQGJUDSKLFDOO\
SUHVHQWWKHVXUYH\UHVXOWV3DUDPHWULFVWDWLVWLFVZHUH
applied. Using t test paired, dependent, samples (data
collected under WZR GLIIHUHQW FRQGLWLRQV  LW ZDV
tested whether the mean values of the air temperature
DQG KXPLGLW\ ZHUH VWDWLVWLFDOO\ VLJQLILFDQWO\ GLIIHU
HQWPHDVXUHGLQIURQWDQGEHKLQGWKHUHSUHVHQWDWLYH
roadside green spaces. Oneway analysis of variance
$129$ RIUHSHDWHGPHDVXUHPHQWVWHVWHGWKHRE
VHUYHGGLIIHUHQFHVRIPHDQYDOXHVRIWKHDLUWHPSHU
DWXUHDQGKXPLGLW\LQIURQWDQGEHKLQGWKHURDGVLGH
green spaces  E\VHDVRQV$SDUWLDOHWDVTXDUHGIRU
PXOD  ZDVXVHGWRHVWLPDWHWKHLPSDFWPDJQLWXGH
of representatLYH URDGVLGH JUHHQ VSDFHV WR WKH RE
served differences in air temperature and humidity
YDOXHV PHDVXUHG LQ IURQW RI DQG EHKLQG WKH UHSUH
sentative roadide green spaces, as well as to estimate
the impact magnitude of the effect of seasons to the
differences in mean air temperature and humidity
PHDVXUHG LQ IURQW DQG EHKLQG WKH URDGVLGH JUHHQ
spaces:

MATERIALS AND METHODS
7KHVWXG\RIWKHLPSDFWPDJQLWXGHRIURDGVLGH
green spaces to the modification of air temperature
DQGKXPLGLW\LQWKHLPPHGLDWHXUEDQHQYLURQPHQWLV
EDVHGRQPRQLWRULQJDQGPHDVXULQJWKHvalues of air
WHPSHUDWXUHDQGKXPLGLW\RQWKHUHSUHVHQWDWLYHURDG
side green spaces along the main roadways in the
%HOJUDGH 6HUELD FLW\DUHD
$FFRUGLQJWR0DVWHU3ODQRI%HOJUDGHWR,
DWRWDOQXPEHURIPDLQWKRURXJKIDUHV ZHUHUHF
orded in the BelgraGHFLW\DUHD =UHQMDQLQVNLURDG
9LãQMLþND6WUHHW-XULMD*DJDULQD6WUHHW3DUWL]DQVNL
URDG%XOHYDUNUDOMD$OHNVDQGUD5DNRYLþNLURDGDQG
3DWULMDUKD'LPLWULMD%XOHYDU-1$,EDUVNDPDJLVWUDO
URDG%XOHYDU1LNROD7HVOD%XOHYDU0LKDMOD3XSLQD
7RãLQ EXQDU 3DQþHYDþNL URDG 6DYVND PDJLVWUDO
road, Highway E– %DWDMQLþNL URDG DQG &DUD
'XãDQD6WUHHW DORQJZKLFKDWRWDORIUHSUHVHQWD
WLYHURDGVLGHJUHHQVSDFHVZHUHVXUYH\HG )LJXUH 
Representative green spaces along the main
thoroughfares in the Belgrade city area are defined
E\ WKH IROORZLQJ FULWHULD EDVLV   VSDWLDO  each
roadside green space with its position relative to the
URDG UHSUHVHQWV D NLQG RI SURWHFWLRQ ]RQH H[WHQGV
DORQJWKHURDGDQGLVORFDWHGEHWZHHQWKHURDGDQG
WKHEXLOGLQJVWUXFWXUHVDQG  SUHVHQFHDQGDYDLOD
ELOLW\– of roadside green spaces where the necessary
measurements of air temperature and humidity over
DORQJSHULRGRIWLPH SXEOLFDQGSULYDWHSURSHUW\
DYDLODELOLW\ ZHUHVHOHFWHG
Measurements of air temperature and humidity
RQ UHSUHVHQWDWLYH URDGVLGH JUHHQ VSDFHV ZHUH FRQ
ducted during two year period. On each of the 38
representative roadside green spaces, measurements
ZHUHWDNHQGXULQJWKHJURZLQJVHDVRQ VSULQJVXP
PHU DQG DXWXPQ  LQ HDFK FDOHQGDU \HDU LQ  VHULHV
with 2 FRQVHFXWLYH PHDVXUHPHQWV WRWDOLQJ 
PHDVXUHPHQWV PHDVXUHPHQWVRIDLUWHPSHUD
WXUHDQGPHDVXUHPHQWVRIDLUKXPLGLW\ 'LJL
WDOPHWHRURORJLFDOVWDWLRQ'78820  &(08. RS
erating measuring range: air temperature from 20°C
WR & ZLWK & UHVROXWLRQ DLU KXPLGLW\ IURP
WRZLWKDUHVROXWLRQRI5+ ZDVXVHG

మ


(ா௧ ௦௨ௗୀ మశ(ಿశಿషమ)




9DOXHVRISDUWLDOHWDVTXDUHGXSWRLQGLFDWH
OLWWOHLQIOXHQFHIURPLQGLFDWHPRGHUDWHLQ
IOXHQFH DQG values greater thDQ  LQGLFDWH KLJK
LPSDFW>8@
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FIGURE 1
A Belgrade city map and the representative roadside green spaces used in this experiment
RESULTS

,Q WKH VWXG\ WKH LQGHSHQGHQW YDULDEOHV DUH
PHDVXUHPHQWORFDWLRQ LQIURQWDQGEHKLQGWKHJUHHQ
VSDFH \HDURIVXUYH\ ILUVWDQGVHFRQG DQGWKHVHD
sons in which the survey was conducted (spring,
VXPPHUDXWXPQ DQGGHSHQGHQWYDULDEOHVDUHPHDQ
values of air temperature and humidity PHDVXUH
ments.

The impact magnitude of roadside green
spaces to the modification of the air temperature
and humidity in the immediate urban environment. Roadside green space influence survey to the
air temperature and humidity modification revealed
that the mean air temperature measured in front of
WKHVXUYH\HGURDGVLGHJUHHQVSDFHVZDV&DQG
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EHKLQGWKHURDGVLGHJUHHQVSDFHV& 7DEOH 
,QDOOPHDVXUHPHQWVHULHVEHKLQGWKHVXUYH\HGURDG
side green spaces, lower values of air temperatures
ZHUHPHDVXUHGUHODWLYHWRWKHYDOXHVRIDLUWHPSHUD
WXUHVLQIURQWRIWKHURDGVLGHJUHHQVSDFHV0HDVXUH
PHQWVUHYHDOHGWKDWWKHDYHUDJHPHDVXUHGDLUKXPLG
LW\ YDOXHV PHDVXUHG EHKLQG WKH VXUYH\HG URDGVLGH
JUHHQ VSDFHV ZHUH  DQG  LQ IURQW RI
roadside green spaces. Even with all air humidity
PHDVXUHPHQW VHULHV WKH PHDVXUHPHQWV EHKLQG WKH
roadside green areas were higher than the measured
YDOXHV LQ IURQW RI WKH URDGVLGH JUHHQ VSDFHV 7KH
PHDQGLIIHUHQFHLQYDOXHVRIDLUWHPSHUDWXUHVPHDV
ured in froQW RI DQG EHKLQG URDGVLGH JUHHQ VSDFHV
GXULQJ WKH WZR \HDU VXUYH\ ZDV & WKH ORZHVW
PHDVXUHGGLIIHUHQFHZDV&DQGWKHKLJKHVWZDV
& 7KHPHDQGLIIHUHQFHLQWKHDLUKXPLGLW\YDO
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XHVPHDVXUHGLQIURQWRIDQGEHKLQGWKHUHSUHVHQWD
tive roadside gUHHQVSDFHVGXULQJWKHWZR\HDUVXU
YH\ZDV WKHORZHVWPHDVXUHGGLIIHUHQFHZDV
DQGWKHKLJKHVWZDV 
Correlation analysis determined that the air
WHPSHUDWXUHYDOXHVPHDVXUHGLQIURQWRIDQGEHKLQG
the investigated roadside green spaces ZHUH 
6LJ  ZKLOHWKHFRUUHODWLRQRIDLUKXPLGLW\YDO
XHV PHDVXUHG LQ IURQW RI DQG EHKLQG WKH URDGVLGH
JUHHQVSDFHVZDV 6LJ   7DEOH 7KHUH
VXOWVVKRZWKDWWKHUHDUHVWDWLVWLFDOO\VLJQLILFDQWGLI
IHUHQFHV EHWZHHQ WKH PHDQ YDOXHV RI DLU WHPSHUD
WXUHVDQGKXPLGLW\PHDVXUHGLQIURQWRIDQGEHKLQG
the surveyed roadside green spaces at the level
S WKDWLVWKHVXUYH\HGURDGVLGHJUHHQVSDFHV
VLJQLILFDQWO\LPSDFWWKHPRGLILFDWLRQRIDLUWHPSHUD
WXUHDQGKXPLGLW\LQWKHLPPHGLDWHXUEDQHQYLURQ
ment.

TABLE 1
Mean values of air temperature and humidity differences of the surveyed roadside green spaces by
seasons and survey years
$LUWHPSHUDWXUH ɋ
Air Humidity 
Survey season and year
Survey season and year
7
72
772
H
H2
HH2
,Y



,Y


2.0
,,Y
,,Y
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Spring









(HH2 Ȉn
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,Y



,Y



Summer
,,Y



Summer
,,Y






(HH2 Ȉn



772 Ȉn
,Y



,Y



Autumn
,,Y



Autumn
,,Y






(HH2 Ȉn


2.0
772 Ȉn
Ȉ 772 Ȉn



Ȉ +H2 Ȉn



7 – $LUWHPSHUDWXUHLQIURQWRIWKHURDGVLGHJUHHQVSDFH72 – $LUWHPSHUDWXUHEHKLQGWKHURDGVLGHJUHHQVSDFH+ – Air
KXPLGLW\LQIURQWRIWKHURDGVLGHJUHHQVSDFH+2 – $LUKXPLGLW\EHKLQGWKHURDGVLGHJUHHQVSDFH,Y – First research yeaU,,
Y – Second research year.

TABLE 2
Statistical parameters for mean differences in air temperature and humidity values of the surveyed
roadside green spaces
3DLUHG6DPSOHVStatistics
Mean
1
Std.Dev.
Std. ErrorMean
Ɍ ɋ




3DLU
Ɍ2 ɋ




ɇ 




3DLU
ɇ2 




3DLUHG6DPSOHV&RUUHODWLRQV
1
Correlation
Sig.
3DLU
Ɍ Ɍ2


0.000
3DLU
ɇ ɇ2


0.000
3DLUHG'LIIHUHQFHV
3DLUHG6DP
&RQILGHQFH,QWHUYDORIWKH'LIIHU
Sig.
Std. Std. Error
t
df
SOHV7HVW
Mean
ence
(2WDLOHG
Dev.
Mean
Lower
Upper
3DLU ǻɌ   


  0.000
3DLU ǻɇ   


  0.000
Ɍ  'LIIHUHQFHRIPHDQYDOXHVRIDLUWHPSHUDWXUHLQIURQWRIURDGVLGHJUHHQVSDFHVɌ2  0HDQGLIIHUHQFHVEHWZHHQWKHDLU
WHPSHUDWXUHEHKLQGWKHURDGVLGHJUHHQVSDFHVǻɌ 'LIIHUHQFHRIPHDQYDOXHVRIDLUWHPSHUDWXUHLQIURQWRIDQGEHKLQGURDG
VLGHJUHHQVSDFHVɇ  'LIIHUHQFHVLQPHDQKXPLGLW\LQIURQWRIWKHURDGVLGHJUHHQVSDFHVɇ2  'LIIHUHQFHVLQPHDQKXPLG
LW\IURPWKHURDGVLGHJUHHQVSDFHVǻɇ Difference of mean humidity values in front of aQGEHKLQGURDGVLGHJUHHQVSDFHV
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7KHLPSDFWPDJQLWXGHRIWKHVXUYH\HGURDGVLGH
green spaces to the modification of air temperature
DQG KXPLGLW\ ZDV H[DPLQHG XVLQJ WKH SDUWLDO HWD
square. Air temperature survey showed that the

VPDOO EXW VWDWLVWLFDOO\ VLJQLILFDQW S  S 
$OVRWKHFRUUHODWLRQYDOXHRIWKHHVWDEOLVKHGGLIIHU
ences in mean air humidity values measured during
WKHILUVWDQGVHFRQG\HDUVRIWKHVXUYH\LVVPDOOEXW
statisticall\VLJQLILFDQW S S 
7KHSDUWLDOHWDVTXDUHLQWKHFDVHRIGLIIHUHQFHV
LQDLUWHPSHUDWXUH PHDVXUHGLQIURQWRIDQGEHKLQG
the surveyed roadside green spaces is 0.03, indicDW
ing a moderate influence of the survey years on these
YDOXHV 7KH REWDLQHG SDUWLDO HWD VTXDUHG   IRU
PHDQ GLIIHUHQFHV LQ WKH DLU KXPLGLW\ YDOXHV PHDV
XUHG LQ IURQW RI DQG EHKLQG WKH VXUYH\HG URDGVLGH
JUHHQ VSDFHV LQGLFDWHV D VPDOO LQIOXHQFH RI WKH UH
search years on this climate factor.
7KHUHVXOWVREWDLQHGFRQILUPWKH allegations of
&KDQJHWDO>@WKDWJUHHQDUHDVOHVVWKDQKDDUH
YDULDEOH LQ WKHLU LQIOXHQFH RQ PLFURFOLPDWH FKDUDF
WHULVWLFV HVSHFLDOO\ DLU WHPSHUDWXUH  DQG WKDW RQO\
green areas greater than 3ha can cause a constant
cooling effect over a longer period of time.

SDUWLDOHWDVTXDUHGYDOXHZDVDQGLQ
air humidity suUYH\7KLVUHVXOWUHSUHVHQWVJUHDW
impact of the surveyed roadside green spaces to
WKHPRGLILFDWLRQRIWKHVHWZRPLFURFOLPDWHIDF
tors.
7KHVH UHVXOWV FRUURERUDWH &KHQ DQG :RQJ V
>@DVVHUWLRQWKDWJUHHQVSDFHVFUHDWHDQRDVLVHIIHFW
DQGPLWLJDWHXUEDQZDUPLQJERWKLQPLFURDQGPDFUR
levels. Further, tKHVH UHVXOWV FRQILUP :LOPHUV >@
FLWHWKDWHYHQVPDOOHUJUHHQVSDFHVKDYHDIDYRUDEOH
ELRFOLPDWH HIIHFW LQ WKH LPPHGLDWH XUEDQ HQYLURQ
ment.
Differences in the impact magnitude of roadside green spaces in the modification of the air
temperature and humidity in the immediate urban environment compared to the survey year . A
study of the impact magnitide of roadside green
VSDFHVLQWKHPRGLILFDWLRQRIDLUWHPSHUDWXUHDQGKX
midity over a two years period of time E\DFRPSDU
DWLYHDQDO\VLV VKRZHG WKDW WKH PHDQ GLIIHUHQFH EH
tween the air temperature measured in front of and
EHKLQGWKHVXUYH\HGURDGVLGHJUHHQVSDFHLQWKHILUVW
\HDURIVXUYH\ZDV&DQG&LQWKHVHFRQG
year of the survey.
7KH VXUYH\ DOVR VKRZHG WKDW WKH PHDQ GLIIHU
HQFH EHWZHHQ WKH DLU KXPLGLW\ YDOXHV PHDVXUHG LQ
IURQWRIDQGEHKLQGVXUYH\HGURDGVLGHJUHHQVSDFHV
LQWKHILUVW\HDURIWKHVXUYH\ZDVDQGLQ
WKHVHFRQG\HDURIWKHVXUYH\ 7DEOH 
7KH UHVXOWV VKRZ WKDW WKH FRUUHODWLRQ RI RE
VHUYHG GLIIHUHQFHV LQ PHDQ YDOXHV RI DLU WHPSHUD
tures during the first and second year of the survey is

Differences in the impact magnitude of roadside green spaces in the modification of air temperature and humidity in the immediate urban
environment in relation to the seasons. ,QYHVWLJDW
ing the impact magnitude of roadside green spaces to
the modification of air temperature and humidity
during two year survey, in the different seasons
VSULQJVXPPHUDQGDXWXPQ GXULQJWKHYHJHWDWLRQ
period, it was found that the difference LQPHDQYDO
ues RIDLUWHPSHUDWXUHPHDVXUHGLQIURQWRIDQGEH
KLQGVXUYH\HGURDGVLGHJUHHQVSDFHV ZDV&LQ
WKHVSULQJ&LQWKHVXPPHUDQG&LQWKHDX
WXPQ 7DEOH ZKLOHWKHPHDQGLIIHUHQFHRIWKHDLU
KXPLGLW\PHDVXUHGLQIURQWDQGEHKLQG the roadside
JUHHQ VSDFHV ZDV  LQ WKH VSULQJ  LQ WKH
VXPPHUDQGLQWKHDXWXPQ

TABLE 3
Statistical parameters for mean differences in the air temperature and humidity of the surveyed roadside
green spaces by survey years
3DLUHG6DPSOHV6WDWLVWLFV

Mean

Ɍ ɋ

Ɍ2 ɋ

2.0
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3DLU

ɇ2 
3DLUHG6DPSOHV&RUUHODWLRQV
3DLU
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3DLU
ɇ ɇ2

3DLU

1




1



Std.
Deviation




Correlation



Std. Error
Mean
0.03
0.02

0.03
Sig.
0.00
0.00

3DLUHG'LIIHUHQFHV
&RQILGHQFH,QWHUYDORIWKH'LIIHU
Sig.
Std. Error
t
df
Mean Std. Dev.
ence
(2WDLOHG
Mean
Lower
Upper
3DLU Ɍ Ɍ2
0.2
0.80
0.03


 
0.00
3DLU ɇ ɇ2




0.23
 
0.00
Ɍ 'LIIHUHQFHEHWZHHQDLUWHPSHUDWXUHYDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGURDGVLGHJUHHQVSDFHV ILUVW\HDURIVXUYH\
Ɍ2  'LIIHUHQFHEHWZHHQDLUWHPSHUDWXUHYDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGURDGVLGHJUHHQVSDFHV VHFRQG\HDURIVXU
YH\ɇ  'LIIHUHQFHLQDLUKXPLGLW\YDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGURDGVLGHJUHHQVSDFHV ILUVW\HDURIVXUYH\ɇ2 
Difference RIDLUKXPLGLW\YDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGURDGVLGHJUHHQ spaces  second year of survey.
3DLUHG6DPSOHV
7HVW
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TABLE 4
Mean values of air temperature and humidity difference measured in front of and behind the surveyed
roadside green spaces by seasons
Descriptive
Mean Std. Deviation
1 Descriptive Statistics Mean
Std. Deviation
1
Statistics
'79 VSULQJ ɋ


 DHV  VSULQJ 



'79– VXPPHU ɋ


 DHV VXPPHU 



'79 DXWXPQ ɋ


 DHV  DXWXPQ 
2.0


'79 'LIIHUHQFHLQDLUWHPSHUDWXUHYDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGURDGVLGHJUHHQVSDFHV'+9 Difference in air
KXPLGLW\YDOXHVPHDVXUHGLQIURQWRIDQGEHKLQGroadside green spaces.

TABLE 5
One-factorial analysis of variance of repeated measurements of mean values of difference of air
temperature and humidity measured in front of and behind surveyed roadside green spaces by seasons
0XOWLYDULDWH7HVWVa
3DUWLDO
Effect – Air temperature
Value
F
Hypothesis df
Error df
Sig.
EtaSquared
2.00

0.00

3LOODL V7UDFH

E
:LONV /DPEGD

E
2.00

0.00

Season
2.00

0.00

+RWHOOLQJ V7UDFH

E
Roy's Largest Root

E
2.00

0.00

D'HVLJQ:LWKLQ6XEMHFWV'HVLJQVHDVRQE([DFWVWDWLVWLF
3DUWLDO
Effect – Air humidity
Value
F
Hypothesis df
Error df
Sig.
EtaSquared
3LOODL V7UDFH

E
2.00



2.00



:LONV /DPEGD

E
Season
+RWHOOLQJ V7UDFH

E
2.00



Roy's Largest Root

E
2.00



D'HVLJQ:LWKLQ6XEMHFWV'HVLJQVHDVRQE([DFWVWDWLVWLF
0HDVXUH0($685(B3DLUZLVHComparisons
, VHDVRQ
- VHDVRQ
Mean
Std.
&RQILGHQFH,QWHUYDOIRU'LIIHU
'LIIHUHQFH ,Error
Sig.E
enceE
Lower Bound
Upper Bound
Summer




0.02
Spring
Autumn
*

0.00
0.28

Spring



0.02

Summer
Autumn
*

0.00
0.23


0.00

0.28
Spring
*
autumn
summer
*

0.00

0.23
Based on estimated marginal means
7KHPHDQGLIIHUHQFHLVVLJQLILFDQWDWWKHOHYHO
E$GMXVWPHQWIRUPXOWLSOHFRPSDULVRQV/HDVW6LJQLILFDQW'LIIHUHQFH HTXLYDOHQWWRQRDGMXVWPHQWV 

7KHPHDQGLIIHUHQFHVLQDLUWHPSHUDWXUHPHDV
XUHGLQIURQWRIDQGEHKLQGVXUYH\HGURDGVLGHJUHHQ
VSDFHV E\ VHDVRQV GLG QRW GLIIHU PXFK
:LONV /DPEGD  EXWZHUHIRXQGWREHVWDWLV
WLFDOO\ VLJQLILFDQW S  7DEOH   7KH UHVXOWV
shows that statistically significant differences were
UHFRUGHG EHWZHHQ VSULQJ DQG DXWXPQ DQG VXPPHU
DQGDXWXPQDWWKHOHYHORI S ZKLOHWKHUH
were no statistically signifLFDQWGLIIHUHQFHVEHWZHHQ
VSULQJDQGVXPPHU S! 7KHUHVXOWVVKRZVWKDW
WKHLPSDFWPDJQLWXGHRIWKHGHWHUPLQHGPHDQGLIIHU
ences in the values of air temperatures measured in
IURQWRIDQGEHKLQGVXUYH\HGURDGVLGHJUHHQVSDFHV
LVPRGHUDWH 3DUWLDO(WD6TXDUHG  7KHWHVWUH
sults of multivariate analysis of variance show that

WKH PHDQ YDOXHV RI DLU KXPLGLW\ GLIIHUHQFHV PHDV
XUHGLQIURQWRIDQGEHKLQGVXUYH\HGURDGVLGHJUHHQ
VSDFHVGLIIHUVOLJKWO\E\VHDVRQDQGWKDWWKHVHGLI
ferences are not statisticDOO\VLJQLILFDQW S! 
7KHUHVXOWVVKRZWKDWWKHLPSDFWPDJQLWXGHRI
the roadside green spaces to the modification of the
DLUWHPSHUDWXUHLQUHODWLRQWRWKHVHDVRQVLVPRUHYDU
LDEOH WKHUH DUH VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFHV 
compared to the modiILFDWLRQRIWKHPHDQDLUKXPLG
LW\YDOXHV WKHUHDUHQRVWDWLVWLFDOO\VLJQLILFDQWGLIIHU
HQFHV  6LJQLILFDQW GLIIHUHQFHV LQ DLU WHPSHUDWXUH
PRGLILFDWLRQZHUHIRXQGEHWZHHQVSULQJDQGDXWXPQ
DQGVXPPHUDQGDXWXPQZKLOHWKHUHZHUHQRVLJQLI
LFDQWGLIIHUHQFHVEHWZHHQVSULQJDQGVXPPHU7KLV
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result is due WRWKHORFDOFOLPDWH WHPSHUDWHFRQWLQHQ
WDO FOLPDWH  DQG WKH JUDGXDO GLVDSSHDUDQFH RI FOHDU
GLIIHUHQFHVEHWZHHQWKHVHDVRQVHVSHFLDOO\EHWZHHQ
spring and summer due to climate change. $FFRUG
LQJWR9XNRYLü HWDO>0@FOLPDWHFKDQJHLQ6HUELDLV
WKHPRVWYLVLEOHWKURXJKJOREDOZDUPLQJLPSDFWHV
SHFLDOO\E\QHJDWLYHLPSDFWRIKLJKWHPSHUDWXUHVDV
ZHOO DV SURORQJHG VXPPHU GUDXJKWV ,Q WKH SHULRG
IURPQH[WWR\HDUVLQFUHDVHRIPHDQDQQXDOWHP
SHUDWXUHLVH[SHFWHGWREHIURPWR&)RUVXFK
SURJQRVLVWKHVLJQLILFDQFHDQGLPSRUWDQFHRIURDG
VLGH JUHHQ VSDFHV HYHQ WKRVH VPDOOHU WKDQ KD  LV
KLJKO\YDOXDEOH,QWKHSURFHVVRIDGDSWDWLRQDQGPLW
igation of climate change in Belgrade, roadside
green spaces are one of important measures and
VKRXOGEHIXUWKHUH[SORUH
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LQIURQWRIDQGEHKLQGWKHVXUYH\HGURDGVLGHJUHHQ
VSDFHVLQUHODWLRQWRWKHVHDVRQVLVPRGHUDWH 3DUWLDO
(WD6TXDUHG  
,WZDVIRXQGWKDWWKHUHZHUHQRVWDWLVWLFDOO\VLJ
QLILFDQWGLIIHUHQFHV S! EHWZHHQWKHPHDQYDO
ues of air humidity differences measured in front of
DQG EHKLQG WKH VXUYH\HG URDGVLGH JUHHQ VSDFHV E\
seasons.
7KHLPSDFWPDJQLWXGHRIWKHVXUYH\HGURDGVLGH
JUHHQVSDFHVWRWKHPRGLILFDWLRQRIWKHDLUWHPSHUD
ture in relation to the seasons is mRUHYDULDEOH WKHUH
DUHVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHV FRPSDUHGWR
the modification of the mean air humidity values
WKHUHDUHQRVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHV 
2EWDLQHG UHVXOWV VKRZ WKH QHHG IRU DGYDQFHG
planning of long term measures in ODQGVFDSHDUFKL
tecture, considering intensity of future climate
change.

CONCLUSIONS
ACKNOWLEDGEMENTS

%DVHGRQDQHPSLULFDOLPSDFWVWXG\RIURDG
side green spaces, during two year survey, during the
YHJHWDWLRQ SHULRG VSULQJ VXPPHU DQG DXWXPQ 
EDVHG RQ  PHDVXUHPHQWV  WHPSHUDWXUH
PHDVXUHPHQWVDQGDLUKXPLGLW\PHDVXUHPHQWV 
DORQJ WKH  PDLQ WKRURXJKIDUHV LQ %HOJUDGH FLW\
area, the following conclusions were reached:
7KHVWXG\FRQILUPHGWKDWWKHUHLVDVWDWLVWLFDOO\
VLJQLILFDQWGLIIHUHQFHEHWZHHQWKHPHDQYDOXHVRIDLU
temperature and humidity measured in front of and
EHKLQG WKH UHSUHVHQWDWLYH URDGVLGH JUHHQ VSDFHV DW
WKH OHYHO S  LH WKDW WKH VXUYH\HG URDGVLGH
JUHHQ VSDFHV !KD  VLJQLILFDQWO\ LQIOXHQFH WKH
FKDQJHRIDLUWHPSHUDWXUHDQGKXPLGLW\LQWKHLPPH
GLDWHXUEDQHQYLURQPHQW7KHHWDVTXDUHYDOXHVLQGL
cate that the magnitude of this influence is large.
6PDOOHUURDGVLGHJUHHQVSDFHVDORQJ KD RQ
average FKDQJH WKH DLU WHPSHUDWXUH E\ & WKH
VPDOOHVW GLIIHUHQFH PHDVXUHG ZDV & DQG WKH
KLJKHVW ZDV &  DQG DLU KXPLGLW\ E\  WKH
ORZHVWPHDVXUHGGLIIHUHQFHZDVDQGWKHKLJK
HVWZDV 
7KHFRUUHODWLRQVRIWKHPHDQYDOXHVRIGLIIHU
ences in air temperature and humidity measured in
IURQW RI DQG EHKLQG WKH VXUYH\HG URDGVLGH JUHHQ
spaces during the first and second year of the survey
DUHVPDOOEXWVWDWLVWLFDOO\VLJQLILFDQWLHWKHLPSDFW
of the surveyed roadside green spaces is different
compareG WR WKH \HDUV RI UHVHDUFK 7KH SDUWLDO HWD
VTXDUHGYDOXHVVKRZHGWKDWWKHPDJQLWXGHRIWKLVLP
pact is moderate at air temperature and small at air
humidity.
7KHPHDQGLIIHUHQFHVLQDLUWHPSHUDWXUHPHDV
XUHG LQ IURQW DQG EHKLQG VXUYH\HG URDGVLGH JUHHQ
spaceVE\\HDUZHUHVWDWLVWLFDOO\VLJQLILFDQWEHWZHHQ
VSULQJDQGDXWXPQDQGVXPPHUDQGDXWXPQDW
S ZKLOHWKHUHZHUHQRVWDWLVWLFDOO\VLJQLILFDQW
GLIIHUHQFHV EHWZHHQ VSULQJ DQG VXPPHU S! 
7KHLPSDFWPDJQLWXGHRIWKHGHWHUPLQHGPHDQGLI
ferences in the values of air temperatures measured
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cus of current research [2, 3]. How to achieve green
growth in the tourism industry has also become a
focus of tourism transformation and upgrading research [4].
With the gradual improvement of the national
income level, the continuous improvement of transportation efficiency, and the socio-economic transformation and upgrading of rural areas, comprehensive tourism development models have begun to
unfold in some areas where conditions permit,
which is also the general trend choice [5, 6]. The
British city of Alonso first introduced tourist cities
into the city classification system, dividing cities
into six categories, of which the sixth category is
entertainment cities, and the main functions of entertainment cities are "health resorts", "tourist resorts" and "resorts" [7]. That is, the city integrates
tourism elements in planning and design, functional
zoning, and service management. The integration of
Japan's global tourism concept is reflected in the
unique combination of tourism and farm production
in tourist farms, which perfectly integrates the idyllic scenery of tourists and unique humanized services [8]. Malaysia's rural tourism focuses on creating its own flower resource characteristics,
strengthening the combination of tourism and agriculture, and actively developing the flower tourism
industry [9]. Madrid Gall believes that urban tourism can only realize the important guiding significance of tourism strategy if it fully integrates local
residents into the category of stakeholders and encourages residents to participate in tourism activities, thereby ensuring the healthy development of
local tourism [10, 11]. Scholars point out that industry integration first appeared in the field of information industry, and tourism development
should pay attention to the construction of smart
information projects [12]. It can be seen from the
transformation of British coastal resort towns that
the integration of tourism and retail has led to an
increase in local tourism investment and effectively
promoted the transformation and upgrading of the
tourism industry [13]. Scholars have empirically
analyzed rural tourism in the United States and
found that tourist satisfaction, the absorption of
local surplus labor, the additional impact of the
economy, and ecological protection play a vital role

ABSTRACT
With the continuous improvement of the economy and people's living standards, forest tourism
has become an important form of tourism that has
the greatest development potential. Guided by the
theory of sustainable development, this thesis draws
on the theoretical research results of ecotourism,
external effects, tourism management, national
parks, etc., studies the forest park management system, tourism development model, and development
and construction ideas, and then summarizes forest
tourism resources. Aiming at the shortcomings of
the cost-route optimization of the axle-spoke tourism network design problem, this article introduces
the segmented cost function to propose the problem
of the axle-spoke tourism network design. At the
same time, a mixed integer programming model for
the problem is established, a greedy algorithm for
solving the problem is designed, and an example
provided by the AP data package is used as a platform to perform a calculation experiment on the
model. Taking the AP2-6 network as a reference
object, the superiority of the piecewise cost function over the two-stage cost function is analyzed.
KEYWORDS:
Cost-route optimization, Tourism planning model, Forest
recreation, Ecological perspective

INTRODUCTION
Tourism, as a highly integrated industry, has
been promoted by the Internet to promote tourism
online marketing [1]. The interactivity, richness,
and real-time nature of the Internet have prompted
the tourism industry to shift from a traditional marketing model to online marketing. The emergence
of tourism online marketing has changed the traditional management mode and code of conduct of
the tourism industry, and has promoted the formation of a new pattern of tourism development of
"scale, industrialization, and standardization." Establishing a green growth evaluation index system
and exploring the path of green growth are the fo-
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in the development of rural tourism [14]. In addition, scholars believe that tourism planning must
form scientific and reasonable planning decision
standards and procedures suitable for the development of the times [15]. The development of tourism
small towns needs to be coordinated with the overall planning of the small towns. It is necessary to
maintain planning consistency and sustainability
[16, 17]. Relevant scholars used the theory of regional competition to examine the relationship between tourism competitiveness and destination development, analyzed six key factors affecting the
core competitiveness of tourism destinations, and
built a "six-factor linkage model for tourism destination competitiveness" [18].
Based on the analysis of the current status of
foreign forest tourism development, this paper
compares and adapts the management models of
foreign forest parks, and summarizes the advanced
management experience of forest parks. The management system of forest parks and the current status of forest tourism development are analyzed, and
the management model of forest parks is combed
and compared with foreign forest park management
models to find out the problems existing in the development of forest parks and forest tourism. A
new axle-spoke tourism network design problem is
)RUHVWH[SHULHQFHWRXU

*UHHQHFRORJ\WRXU

introduced, namely the cost-route optimization of
the axle-spoke tourism network design problem. If
the aggregate traffic on the route exceeds a certain
fixed value, it is declared as an axis and its travel
costs are given a fixed discount, otherwise there is
no discount. O-D flows are allowed to be divisible,
and travel routes of direct travel, single-point transit, and two-point transit can be arbitrarily taken.
Each O-D flow will choose to walk to minimize the
total travel cost.
MATERIALS AND METHODS
Forest tourism development analysis. Development model. From the perspective of the development scale and speed of forest parks, this paper analyzes the development of forest tourism.
Forest tourism began in the 1980s, and most of
them were established and developed on the basis
of state-owned forest farms. Judging from the number and scale of forest parks, the enthusiasm for
building forest parks in various places is very high,
and it is at the forefront in the transformation of
forestry economy. Forest tourism, as a new growth
pole for the
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FIGURE 1
Forest Park Tourism Development Drive Model

3212

&RQVWUXFWLRQRI
NH\WRXULVWDUHDV

© by PSP

Volume 30– No. 04/2021 pages 3211-3220

forestry industry, has played an important role in
increasing the income of forest farm workers, solving employment positions, improving the ecological environment, and promoting local economic
development. The development of forest tourism on
the basis of state-owned forest farms has become a
widespread issue in forestry and even society as a
whole. However, is the number of forest parks better? The larger the scale, the better? The answer is
negative. Large-scale development is likely to
cause disorderly development competition, without
quality development and construction, and ultimately can only affect the quality image of the forest park. Forest parks developed on the basis of
state-owned forest farms operate very well, but they
are less than 10% of the well-known. Most forest
parks are at a low level of development. If the forest park is over-developed, it is easy for the inferior
projects to occupy high-quality resources. Therefore, the construction of the forest park should realize the transformation from quantitative to qualitative, and follow the development principles of emphasizing quality, emphasizing features, and valuing harmony. The driving model of forest park tourism development is shown in Figure 1.
In order to streamline the management system
and promote the healthy development of forest
tourism, we must adhere to the marketization of
forest tourism resource management rights and separate management rights, management rights, and
ownership to form a "government resource, forestry
management supervision, enterprise management
investment, fund security development" model. The
government leads the circulation and management
of resources, the forestry department is responsible
for the supervision and protection of resources, the
investment of corporate management funds, and the
tourism development fund is used for the sustainable development of forest farm parks. The core is
the separation of management rights from ownership. However, the forest tourism resources of each
state-owned forest farm and forest park are different in style, scale, and level. Therefore, it is necessary to adopt different basic management modes for
different types and levels of forest tourism resources, so as to adapt to the situation. The national
forest park system must adhere to the combination
of vertical management and territorial management.
At the national level, the General Administration of
National Parks, which is directly under the State
Council, should be established to formulate national
park development policies, supervise and manage
national natural resources, and implement vertical
management of national parks with high-quality
forest tourism resources across the country. At the
provincial level, each provincial level must set up a
corresponding national park management bureau
directly under the provincial people's government.
The provincial national park management bureau
integrates the scenic area management authority of
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the construction, land, environmental protection,
forestry and other departments and is responsible
for managing the administrative area inside the
forest park.
It is necessary to improve the management
model that separates ownership and management
rights. The ownership of forest resources belongs to
the state and the management right belongs to the
local government. The General Administration of
National Parks exercises supervision and management power on behalf of the state. Only by integrating various tourism resources to establish national
parks can the problems of overlapping and overlapping of various protected areas be solved. The construction of forest parks and the development of
forest tourism must fully rely on the information
network to enhance the intelligence level of forest
tourism scenic spots. In terms of marketing strategy, we insist on the integration of online and offline
sales. With the rapid development of tourism ecommerce and mobile payment, online sales are
expected to reach over 85% by 2022. In terms of
hardware facilities, more attention is paid to the use
of high technology to provide technical support for
scientific and effective management. In the management of scenic spots, standardized management
is achieved, and the standardization of scenic area
management is continuously improved. In the near
future, the management of forest tourism scenic
spots will be transformed from extensive management to standardized management, and construction
management will be more standardized, which will
help strengthen dynamic management.
Product design. From the perspective of type
division and main function of forest parks, the development mainstream of forest tourism product
design is analyzed. Practice has proved that the
strong point of developing forest tourism should be
suburban, recreational, and fitness parks. Most of
the state-owned forest farms are far from the urban
area. The suburban parks account for 79% and the
suburban parks account for only 21%. The suburban parks have obvious geographical advantages
and have great potential for tourism development.
They should be focused on development. Sightseeing and tourism type relies too much on the ticket
economy, and the development of leisure and recreation and fitness parks is conducive to the sustainable and healthy development of the forest park.
Only in this way can it attract more tourists, allow
tourists to stay, generate more consumption, and get
rid of the ticket economy. Therefore, governments
at all levels should pay more attention, support, and
investment to suburban, leisure, and fitness parks
on the basis of state-owned forest farms, consolidate the foundation for development, enhance the
development potential, and truly let the people
share the dividends of reform. The framework of
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FIGURE 2
Framework of forest tourism ecological compensation mechanism
the forest tourism ecological compensation mechanism is shown in Figure 2.
With the deepening of the reform, the land
transfer market and the capital market are unprecedentedly active, and the government encourages
more social capital to enter the forest tourism market. Some major forestry households or forestry
cooperatives make investment in tourism financing
through land transfer, contracted forest land, and
other forms. These suburban forest parks have the
characteristics of family-oriented operation, small
operating area, obvious location advantages, outstanding leisure functions, strong catering culture,
and perfect self-driving camps. I believe in the future suburban forest parks with family forest farms
as the main operating body will emerge in large
numbers and will become the mainstream of the
forest leisure tourism market.

to the forest parks is shown in Figure 3. It can be
seen that the number of visits to the forest park
each month shows a wavy regularity. With the improvement of the national ecological awareness and
the acceleration of the process of ecological civilization, more and more people will choose to visit
the forest park for sightseeing, leisure vacations,
fitness and science education.
As more and more people travel to the park,
the demand for forest tourism will present a personalized and diversified development trend. The
operation mode of forest tourism scenic spots will
also be transformed from simplification to diversification, so as to meet the development needs of
diversified tourism functions. Forest tourism is not
only for sightseeing and leisure, but is also the best
place for tourism activities such as fitness, tourism,
science education, camping and sleeping. With the
continuous development of the economy, the construction of a new socialist countryside and the acceleration of urbanization, the number of rural tourists will increase year by year, the rural tourism
market will be effectively released, and the proportion of rural tourism subjects will be greatly increased. With the implementation of the paid vacation policy, the number of

RESULTS AND DISCUSSION
Development path analysis. From the perspective of the number of forest tourists, we analyze the future development prospects of forest
tourism. From 2010 to 2019, the number of visitors
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FIGURE 3
Monthly visits to forest parks
conference tourism subjects has significantly decreased, and the number of parent-child tours, filial
pie tours, and family tours that have families as the
main subject has increased. It can be foreseen that
in the future, forest tourism will no longer be just a
matter for young people, nor will it be a matter for
people in the city. The subject of forest tourism will
be more diversified.

funds, we look at the forest tourism investment and
financing system structure. The forest tourism development fund is mainly composed of three parts:
state investment, self-financing and foreign investment attraction. Forest Park funds from the selfraised funds account for an absolute part, while the
state investment funds account for only a small
part. As one of the important types of protected
areas, forest parks are far from adequately funded
by the state.

Investment and financing structure. From
the perspective of the source of forest tourism
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1RURRPIRULPSURYHPHQW

)LUVWHYDOXDWLRQ
,QLWLDOSODQQLQJ
VFKHPHLGHD

(YDOXDWLRQ
V\VWHP

7KHUHLVURRPIRU
LPSURYHPHQW
(YDOXDWHDJDLQ

(YDOXDWLRQLQGH[
V\VWHPIRUSODQQLQJ
FUHDWLYHVWDJH

,PSURYH

,QFOXGHGLQ
JHQHUDOSURGXFW
V\VWHP

)XUWKHULQWHJUDWLRQ
1RURRPIRULPSURYHPHQW

)RUHVWWRXULVP
SURGXFWVWKDWPHHW
WKHSODQQLQJFUHDWLYH
VWDJH

)LUVWHYDOXDWLRQ
(YDOXDWLRQ
V\VWHP

(YDOXDWLRQLQGLFDWRU
V\VWHPLQWKHPLG
WHUPGHPRQVWUDWLRQ
VWDJH

7KHUHLVURRPIRU
LPSURYHPHQW

(YDOXDWHDJDLQ

,PSURYH

,QFOXGHGLQNH\
SURGXFWV\VWHP

,PSURYH

,QFOXGHGLQWKHFRUH
SURGXFWV\VWHP

)XUWKHULQWHJUDWLRQ
1RURRPIRULPSURYHPHQW
)RUHVWWRXULVP
SURGXFWVWKDWPHHW
WKHPHGLXPWHUP
GHPRQVWUDWLRQVWDJH

)LUVWHYDOXDWLRQ
(YDOXDWLRQ
V\VWHP

7KHUHLVURRPIRU
LPSURYHPHQW
(YDOXDWHDJDLQ

)LQDOHYDOXDWLRQ
LQGH[V\VWHP

FIGURE 4
Schematic model of progressive decision-making for investment-oriented rural tourism products
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Only by increasing the investment proportion
of the state can the public welfare properties of the
parks be well guaranteed. However, it is unrealistic
to rely on government investment. It is necessary to
increase the attraction of foreign investment, form
diversified investment channels, and promote the
prosperity and development of forest tourism. The
schematic diagram of the progressive decisionmaking planning model for investment-oriented
forest tourism products is shown in Figure 4.
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In the model, the objective function indicates
that the flow cost is the smallest on all road secWLRQV)RUVHFWLRQNíPLILWLVVHOHFWHGDVWKHD[LV
the flow cost on it is ackm H km LILWLVQRWVHOHFWHG
as the axis, the flow cost on it is ckmWkm . Because
the total cost of pursuit of the goal is the smallest,
when the route allocation is determined, the model
will automatically determine whether the road section is selected as the axis to ensure that it will not
be repeatedly calculated. Constraint equation (2) on
both sides represents the aggregated flow of road
VHJPHQW N íP ,Q HTXDWLRQ   WKH WKLUG VXEIRUPXODLVDGGHGZLWKNLPMWRDYRLGWKDWWKH
IORZRIWKHVHFWLRQNíPLQWKHURXWHNíPíNíPLV
calculated twice. Constraint (3) is to define Hkm, to
ensure that when ykm = 0, Hkm can only be 0. In
other words, when ykm WKHVHFWLRQNíPLVQRW
selected as the axis line, only Wkm   LV DOORZHG
and Hkm> 0 is not allowed.
In constraint formula (3),
hij can be re-

¦
i, j

placed by a large number M. Its function is to ensure that when ykm WKHOLQNNíPKDVQRFDSDFL
ty constraints outside the system. Constraint (4)
requires that the traffic collected on the axis must
EHQROHVVWKDQȕWLmes the original straight-through
network traffic. Constraint (5) guarantees that all OD flows are travelled.
This is a complex large mixed integer programming
model. In graph theory, if any two nodes of a directed graph G have only one edge connected, it is
called a directed complete graph. A directed complete graph with n nodes is called an n-order directed complete graph. Obviously, a straightthrough network with n nodes and an OD requirement between each other is an n-order directed
complete graph. In an n-order directed complete
graph, this means that for each O-D flow, it is necessary to make a combined judgment from n 2
routes. In fact, for a directed complete graph of
order n, this model has n2 + n4 variables (n 2 of
which are 01 variables) and 3n2 + 2 constraints. The
model is not very tight, and the branch and bound
algorithm is difficult to converge. We use LINGO

of hij in the flow of O-' IORZ L íM IROORZLQJ WKH
URXWHRILíNíPíM
)RUWKH VHFWLRQNíPWKHDJJUHJDWHG IORZLQ
FOXGHV WKUHH FDVHV 7KH ILUVW LV WKH IORZ RI L íM DF
FRUGLQJ WR L íN íP íM ZKHQ WUDYHOLQJ that is, the
2'IORZ ZLWK NíPDVWKHWUDQVLWVHFWLRQWKH VHF
RQGLVWKHIORZRINíLWUDYHOLQJDFFRUGLQJWRNíP
íMíL. The OD flow passes through point m immeGLDWHO\ DIWHU VWDUWLQJ IURP SRLQW N WKH WKLUG LV WKH
IORZRIWUDYHOLíPDFFRUGLQJWRLíMíNím, that is,
the OD flow flowing to point m after passing
through point k.
Based on these variables and coefficient definitions, we can construct a mixed integer programming model for CROPHN.
k
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im him

i z k ,mz j

WKH XQLW FRVW WUDYHO FRVW RI WUDYHOLQJ L íM DORQJ WKH
URXWHRILíNíPíM$WWKHVDPHWLPHOHWWKHELQDU\
variable ykm PHDQVWKDWWKHURDGVHJPHQWNíP
is determined as the axis, otherwise ykm = 0. In the
model, we assume that ykm = 1 is allowed only
ZKHQ WKH FRQFHQWUDWHG IORZ RQ WKH OLQN N íP LV
JUHDWHUWKDQȕh NPWKDWLVWKHOLQNNíPLVVHOHFWHG
as the axis only when the concentration factor of
WKHIORZRQWKHOLQNH[FHHGVȕ$QGyou make it get
D D XQLWWRXULsm cost discount. Among them,
ȕh km is called the axis threshold of road segment k
íP/HW+km denote the concentrated flow when the
VHFWLRQNíPLVVHOHFWHGDVWKHD[LV:km denote the
FRQFHQWUDWHG IORZ ZKHQ WKH VHFWLRQ N íP LV QRW
selected as the axis. Let X ijkm denote the proportion
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Cost-route optimization of a spoke-andspoke tourism network. Model establishment. In
a given network G (N, A), A is the set of all edges,
and N = {1, ..., n} is the set of all nodes. Let dkm =
dmk represent the distance between node k and node
PRUWKHOHQJWKRIWKHURDGVHJPHQWNíPKij represents the passenger traffic from node i to node j.
The length dkm of all sides in the network satisfies
the nature of triangular inequality. ckm represents
WKH XQLW WUDIILF FRVW RI WKH URDG VHJPHQW N íP
which is usually determined by dkm. Ckm also
meets the nature of triangular inequality. Cijkm is

Model min
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FIGURE 5
Experimental results of the LINGO calculation of the AP data packet CROPHN model
to solve the AP packet experiments to illustrate the
calculation time of the model.

the solution time is increased by 9.6%. At the same
time, if we observe the changes of the objective
IXQFWLRQYDOXHVRIDDQGȕZHFDQVHHWKDWDVDDQG
ȕ LQFUHDVH WKH WRWDO IORZ FRVW ZLOO LQFUHDVH 7KLV
trend is not unexpected. Because the expansion of
scale efficiency discounts will inevitably lead to a
reduction in liquidity costs. At the same time, the
GHFUHDVHRIȕLQGLFDWHVWKDWWKHIORZWKUHVKROGRID
road section becoming an axis becomes smaller,
making more road sections becoming an axis, and
reducing tourism costs. At the same time, we can
see that the cKDQJHVRIDDQGȕKDYHOLWWOHHIIHFWRQ
the calculation time of the model.

Model calculation. The experimental platform is still an AP data packet. The main purpose
of the experiment is to observe the calculation time
cost of this model. At the same time, we also hope
to use this experiment to examine how the two paUDPHWHUVDDQGȕDIIHFWWKHWRWDOFLUFXODWLRQFRVWDQG
calculation time of the hub-and-spoke network with
route optimization. In this experiment, the CPU is a
Pentium M processor with a main frequency of
4GHZ, and the memory is 8G. During the experiment, we selected the first 40 nodes in the AP
packet. The data packet gives the coordinates (distance), traffic and other data between these OD
nodes. This experiment does not consider the single-point O-D flow of these nodes. The unit flow
rate per unit flow for non-axis line segments is set
to 3. The scale benefit discount coefficient a is discussed in two cases, 0.4 and 0.6. The lower limit of
the flRZ FRQFHQWUDWLRQ FRHIILFLHQW ȕ RI WKH D[LV LV
3.2.
Using LINGO, the calculation time and results
of the AP data packet can be obtained, as shown in
Figure 5. It can be seen from the experimental results that as the problem size increases, the CPU
time of the solution changes tortuously. When the
scale benefit discount factor is 0.4, the calculation
time for n = 5 only needs 7.3 seconds, and the maximum calculation time for n = 35 is 8 seconds, and

Optimal
solution
characteristics
of
CROPHN. In CROPHN, when the current aggregated flow and axis thresholds of each road section
DUHNQRZQDQ2'URXWHLíNíPíMLVVDWLVILHGVR
that the travel cost per unit flow after loading the
OD flow is the smallest of all routes, then this route
LVFDOOHGWKHVKRUWHVWWUDYHOURXWHRIWKHIORZLíM
,IDWRXULVWURXWHRIDQ2'VWUHDPLíMLVLíLíL
íMLíLíMíMLíMíMíM VRPHWLPHVDEEUHviated as
URXWH L íM  WKH URXWH LV FDOOHG D VWUHDP L -j's direct
travel route.
If the original tourist route of an O-D stream i
íj is A, and a part of the traffic f on the route A is
transferred to the tourist on the route B, then the
route B is called the loading route of the stream i
íMDQGILVWKHORDGLQJWUDIILF
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In CROPHN, the reason why an O-D stream
does not take a direct travel route, and instead
chooses to travel by detour is because it can create
an axis through centralized tourism and obtain
economies of scale.
If an O-D flow is flowing in a non-through
travel route, at least one segment of the route is an
axis. We can understand conclusion one through a
simple network diagram. Considering an O-D flow
LíMWKHIORZLíMHLWKHUDUULYHVGLUHFWO\ on the route
RI L íM, either the entire flow or a part of the flow
VHOHFWVLíNíM:KHQFKRRVLQJWKHODWWHULíNRUN
íM PXVW EH PDGH WKH D[LV RWKHUZLVH Fkj + cik must
be greater than the direct travel of cij.
In CROPHN, the reason why an O-D flow
does not all travel in the shortest travel route is because it can "help" the section that passes halfway
to become the axis, saving travel costs for the O-D
flow on this section, and achieving an overall optimization. In the optimal solution of CROPHN, this
"help" does not need to be excessive. It only needs
to divert enough O-D flows to make a certain road
section passing through the "axis", so as to optimize
the total travel cost.
Optimal development path experiment of tourism management integration planning
In the greedy algorithm, the path-flow improvement algorithm for each O-D flow does not
consider the change of other O-D flow tourism

routes, and the current decision does not consider
the impact on future O-D flow routes, so it is easy
to fall into a local optimal solution. This requires
further calculation experiments on the effect of the
algorithm. The experimental platform is the first 40
nodes of the AP data packet. The data packet gives
the coordinates, traffic and other data between these
OD nodes. The unit flow rate per unit flow for nonaxis line segments is set to 3. Taking two cases of
0.4 and 0.6 of aȕLV7KHH[SHULPHQWDOFRPSXW
er uses a Pentium M processor with a main frequency of 4GHZ and a memory of 8G. After each
calculation, we record the solution time (CPU time)
at the end of the calculation and the final solution
travel cost. The experimental results are shown in
Figure 6.
It can be seen from Figure 6 that the heuristic
algorithm saves a lot of time compared with LINGO, and the calculation results can be obtained
quickly for the experimental examples. From the
perspective of solving quality, the heuristic algorithm did not find the optimal solution in the experiments. This is mainly because we did not consider
the combination of multiple OD flow routes in the
algorithm, but just calculated the optimal loading
route and load flow for each OD flow route at each
step. This greedy calculation is flawed. It is difficult to find exactly the optimal solution. But from
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FIGURE 6
Experimental results of greedy algorithm calculation of AP packet
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the actual situation, the solution gap of the heuristic
algorithm can be controlled within 5%, which
shows that the algorithm's solution quality is basically satisfactory.
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Defining sustainable transport in rural tourism,
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CONCLUSION
Based on the analysis of the development of
forest tourism, this article summarizes the development trends of forest tourism, which will present
an efficient management system, a combination of
scenic areas, functional public welfare, personalized tourism demand, intelligent forest tourism, and
mainstreaming forest leisure tourism in suburbs.
We should adhere to the marketization of forest
tourism resource management rights, realize the
separation of management rights, management
rights, and ownership, and form a development
model of “government resources, forestry supervision, enterprise management investment, and fund
development”. Scientific design should be based on
the classification of forest resources. We establish a
diversified forest tourism investment system, give
full play to the public welfare of forest parks, and
improve the forest tourism income structure.
CROPHN is a route optimization problem. This
paper establishes a mixed integer programming
model for the problem and analyzes the optimal
solution characteristics of the problem. Through a
comparison of AP2-11 network design results, we
find that the cost-route optimized axle-spoke tourism network unifies the contradiction between the
"spoke tourism" and "scale benefits" of the axlespoke network.
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WATER RESOURCES DEVELOPMENT AND
UTILIZATION DEGREE
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vival, and the necessary supporting resources for
national economic development [4]. The distribution of water resources in our country is extremely
unbalanced, and the amount of water resources is
relatively scarce [5-9]. The per capita amount of
water resources in China is only about 2000 m3,
showing a pattern of more people and less water.
Meanwhile, the space-time distribution of resources
is also quite different, which brings greater challenges to the rational utilization of water resources.
The rainfall in China is mainly concentrated in
summer, June to August, and relatively less in winter and spring cultivation seasons [10-14]. In space,
the rainfall in the south accounts for about 4/5,
while that in the north only accounts for 1/5. Reasonable utilization of water resources is related to
the important strategy of sustainable economic
development [15-17]. Therefore, it is of great significance to study the current situation of water
supply and water utilization in China and evaluate
the degree of water resources development and
utilization [18-20]. On the basis of summarizing the
development and utilization degree of water resources and the theoretical researches, this paper
takes all provinces and regions in the country and
the first-level area of water resources as research
objects, objectively studies the development and
utilization rate of water resources, establishes an
evaluation model for the development and utilization of water resources, and comprehensively evaluates the development and utilization degree of
water resources in all regions.

ABSTRACT
Based on the distribution of water resources in
China, an evaluation system of water resources
development and utilization in the first-level area of
water resources is established, and an evaluation
model of water resources development is constructed by fuzzy comprehensive evaluation analysis
method. After determining the membership function of the evaluation target, the fuzzy set is determined by using the function to obtain the evaluation
matrix, and the evaluation grade index is finally
obtained. The evaluation results are discussed and
analyzed, and the relevant suggestions for water
resources development and utilization are put forward based on the actual situation of water resources in the first-level area of water resources in
China. The results show that the development and
utilization degree of water resources in the Yangtze
River Basin and the Yellow River Basin is high,
while the development and utilization degree of
water resources in the northwest rivers and other
areas is low, and the results are consistent with the
actual situation. In view of the great intensity of
water resources development and utilization in the
Yellow River Basin and the Yangtze River Basin, it
is suggested to strengthen the construction of sustainable development and utilization, and make a
reasonable layout and planning of China's water
resources.
KEYWORDS:
Water resources, Development and utilization, Fuzzy
evaluation, Index system.

MATERIALS AND METHODS
Current Situation and Existing Problems of
Water Resources Development and Utilization.
At present, the main problems of water resources in
China include: large difference in time and space
distribution of water resources, relative lack of per
capita occupancy, unstable ecological environment,
poor matching of water resources and land resources, etc. Although the overall level of water
resources development and utilization in the north
of China is relatively high, the ecological environment and water utilization efficiency have been

INTRODUCTION
With the rapid development of global economy, the contradictions among resources, ecological
environment and population are increasingly prominent [1-3]. Countries all over the world have to
face the grim situation of water pollution and shortage, which seriously hinders the coordinated development of economy. Water resources are the basis
for maintaining life, the foundation for human sur-
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improved, the water resources in our country are
still facing severe challenges: with the rapid development of national economy, the rapid increase of
water demand results in excessive exploitation of
water resources; the industrial waste water discharge and the lack of water pollution treatment
results in a large number of water pollution; the low
efficiency of residential water utilization and the
low degree of recycling lead to the huge waste of
water resources; and there is an imbalance of urban
water supply and demand system management.
Therefore, how to reasonably develop and utilize
water resources is a vital means to solve the current
situation of water resources development and utilization in China. At present, the overall evaluation
process of water resources in China is basically the
same, mainly with the following problems.

Fresenius Environmental Bulletin

the data is relatively single, lacking of the national
regional evaluation methods. The previous evaluation indexes have some problems such as poor
operability, difficult to obtain data and difficult to
define concepts. The key and difficulty of water
resources research lies in how to establish a suitable
index evaluation system based on the research area
and formulate evaluation standards matching with it.
In the traditional research, indexes in the evaluation
system are mostly static and the dynamic research
is obviously insufficient. In addition, in the water
resources evaluation index system, there are subjective assignment and objective assignment to determine the index weight. The former is biased towards subjective factors, while the latter can overcome subjective judgment and adverse effects, but
at the same time some subjective factors will be
ignored. Therefore, the determination of index
weight needs to combine subjective and objective
weights.

Single Evaluation Index. The traditional research on the development and utilization of water
resources is only evaluated from a single index.
Since the development and utilization of water
resources are affected by comprehensive factors
and are related to many fields such as economy,
society, ecology and so on, comprehensive evaluation and analysis are needed. Therefore, only onesided evaluation has great limitations, lacks representativeness and accuracy. In addition, there are
significant regional differences in the distribution of
water resources, and relevant research lacks systematic horizontal and vertical comparison.

RESULTS
Construction of Evaluation Index System
for Water Resources Development and Utilization. Principle and Structure of Evaluation System. To carry out comprehensive evaluation research on water resources development and utilization in the national first-level area of water resources, a comprehensive evaluation system for
water resources development and utilization in
China is established by combing and studying relevant evaluation index systems and methods at home
and abroad (see Figure 1).

Limitations of Evaluation Index System.
There are many limitations in the traditional evaluation index system, which often refers to evaluation
methods such as water resources sustainability, and

FIGURE 1
Structure of Comprehensive Evaluation System for Water Resources
Development and Utilization in China
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istics such as unclear intermediate transition and
fuzzy boundary between two adjacent grades.
Therefore, the fuzzy comprehensive evaluation
model can effectively solve the problem. The concrete steps of fuzzy comprehensive evaluation are:
1. Determining the evaluation set ˱˙̗ ̑1
ˈ̑ˎˈ…ˈ̑n̙ and the decision set ˲˙̗̒ˍ
ˈ̒ˎˈ…ˈ̒ m̙. According to the position of
the index, its function and weight are different, so
the evaluation is also different.
2. In accordance with the membership degree
of each index, the fuzzy evaluation matrix R can be
obtained, and the evaluation space is composed of
(U, V, R).
3. Establishing a weight set. AHP is adopted
to determine the weight value of each factor. W is
the set of weight values of all factors and is the
subset of U. W˙˄̓ ˍ ˈ̓ ˎ ˈ…ˈ̓n ˅, in
which

Establishment of Comprehensive Evaluation System. Comprehensive evaluation indexes of
water resources development and utilization involve many influencing factors, such as society,
national economy, water volume and water quality.
In the evaluation process, water quality and volume
are considered together to establish a multidimensional, multi-level and multi-objective comprehensive evaluation index system. Taking the
comprehensive evaluation of China's water resources development and utilization as the objective
(A), the influencing factors of water resources development and utilization degree in China's firstlevel water resources area are selected as the criterion layer (B), the influencing factors are taken as
the index layer (X), and the Analytic Hierarchy
Process (AHP) is used to construct a hierarchical
structure model of comprehensive utilization of
water resources in China's first-level water resources area, and the importance of each level of
influencing factors is studied. Based on this, a comprehensive evaluation model for the development
and utilization of water resources is established
(Figure 2).
The basis of index selection is as follows: (1)
Water volume: the total amount of water resources
refers to the sum of surface and underground water
production. In this paper, the distribution of water
resources in China is quantified by area, and the
supply of water resources is reflected by precipitation. (2) Water quality: the evaluation indexes of
water quality include water salinity, water pollution
index and sewage treatment capacity. Water salinity
is an important index to determine the chemical
composition of water. As one of the key parameters
of water quality index, water pollution index is
often used as the basis for water pollution classification. Sewage treatment capacity refers to the
volume of actual waste water treatment. In addition
to the indexes of water quality and volume, it is
often necessary to consider such as water supply
and water consumption per 10,000 yuan output
value. In view of the differences in the industrial
structure of different regions and the complicated
factors affecting the national output value, the industrial water consumption level is evaluated by the
water consumption per 10,000 yuan output value;
the output value per capita is an essential index to
measure the economic development status and the
people's living standard.

n

¦ wi

1

(1)

i 1

4. Establishing the evaluation matrix B=W.R
for evaluation, and finally draw the evaluation conclusion:

F

n

n

i 1

i 1

¦ vibi / ¦ bi

(2)

Comprehensive Evaluation of Water Resources Development and Utilization in China.
The fuzzy comprehensive evaluation method is
used to establish a comprehensive evaluation model
for the development and utilization of water resources in China's first-level water resources area.
Construction of Fuzzy Comprehensive
Evaluation Model. Taking the water consumption
per 10,000 yuan output value and sewage treatment
capacity as the elements of the set U, the evaluation
factor set U is established, and the decision set V =
{bad, medium, good, excellent} is constructed. The
original data are processed to obtain various index
values (see Table 1). The relevant indexes are normalized and the principle of "maximum and best" is
used to take the reciprocal of the indexes with negative contribution. See Table 2 for the data processing. Besides, considering the actual situation of
water resources development and utilization in
China's first-level water resources area, and referring to the relevant domestic and international
standards, the classification criteria of water resources development and utilization evaluation
indexes in China's first-level water resources area
are determined. See Table 3 for details.

Fuzzy Comprehensive Evaluation Model.
The evaluation of comprehensive development and
utilization of water resources is a multi-index evaluation system with many influencing factors. In the
classification of indexes, there are some character-
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FIGURE 2
Hierarchical Structure Model of Comprehensive Evaluation of Water Resources Development and
Utilization
TABLE 1
Index Value of Water Resources Development and Utilization in China's
First-Level Water Resources Area
Water consumption
per 10,000 yuan Output value per Water resources Area
Precipitation
capita (yuan /
Area
output value˄m3
/km2
/1011m3
/1011m3
person)
˅
Songhuajiang
17.411
201128
3.469
2192
11.887
Liaohe
44.134
89112
3.382
1393
6.284
Haihe
56.117
78233
4.123
1383
7.313
Yellow River
19.911
167122
8.323
3195
13.135
Huaihe
18.722
129293
5.133
993
8.135
Changjiang
15.728
218385
7.883
4193
13.001
Southeast Zhuhe
23.782
97239
11.352
2334
8.989
Pearl River
25.289
76238
4.134
837
7.755
Southwest Zhuhe
33.712
82364
13.383
1831
8.324
Northwest Zhuhe
47.819
92483
9.923
1396
8.395

TABLE 2
Normalized Data of Water Resources Development and Utilization Indexes in
China's First-Level Water Resources Area
Water consumption per Output value Water reArea
Precipitation
Area
10,000 yuan output value per capita
sources
Songhuajiang
0.237
0.200
0.543
0.305
0.093
Liaohe
0.255
0.103
0.396
0.138
0.035
Haihe
0.144
0.092
0.486
0.234
0.134
Yellow River
0.213
0.195
0.528
0.138
0.253
Huaihe
0.115
0.135
0.349
0.098
0.142
Changjiang
0.239
0.189
0.454
0.259
0.073
Southeast Zhuhe
0.193
0.053
0.358
0.136
0.085
Pearl River
0.135
0.164
0.435
0.119
0.089
Southwest Zhuhe
0.133
0.079
0.211
0.138
0.144
Northwest Zhuhe
0.287
0.098
0.235
0.133
0.211
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Water supply
/1011m3
9.143
5.133
4.384
10.135
6.995
12.235
7.456
6.554
7.464
9.355

Water supply
0.350
0.153
0.098
0.135
0.098
0.194
0.132
0.089
0.066
0.097
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TABLE 3
Classification Criteria of Water Resources Development and Utilization Indexes in China's First-Level
Water Resources Area
Criteria for the classification

Index

1

2

3

4

˘23.221

23.221~32.412

32.412~45.143

˚45.143

˘95283

95283~15274

15274~20135

˚20135

˘4.584

4.584~8.128

8.128~12.211

˚12.211

Area/km

˘0.145

0.145~0.187

0.187~0.243

˚0.243

Precipitation/1011m3

˘0.087

0.087~0.152

0.152~0.200

˚0.200

Water supply/1011m3

˘0.108

0.108~0.183

0.183~0.245

˚0.245

Water consumption per 10,000 yuan
output value˄m3˅
Output value per capita
(yuan / person)
Water resources/1011m3
2

in Liao River, Hai River, Huai River and other
rivers in southwest China. The lowest evaluation
index is in northwest rivers. The reason is that the
Yellow River Basin and the Yangtze River Basin
have higher levels of economic development, richer
economies and higher population density. Therefore, the consumption and development of water
resources are more intensive. In addition, the evaluation indexes of Songhua River, Pearl River, Huai
River and southeast rivers are relatively high, indicating that the development and utilization of water
resources in these areas are also relatively intensive.
Among them, the economic and ecological chains
in the southwest and northwest rivers are relatively
weak, the population is relatively small, and the
economy is relatively backward. The evaluation
indexes of these two regions are 1.668 and 1.329
respectively, and the degree of water resources
development and utilization is relatively weak.

Fuzzy Comprehensive Evaluation Results.
By constructing corresponding membership function and membership matrix, the membership degree of each index is determined, and the importance of the index can be judged by AHP, finally
the index weight is calculated. The membership
function is used to calculate the membership function of each region in China's first-level water resources area, and the fuzzy set is obtained by multiplying the membership function with the index
weight, as shown in Table 4.
Analysis of Evaluation Results. According to
the evaluation results, the development and utilization degree of water resources in the Yellow River
and Yangtze River basins are significantly higher
than those in other regions of China. The evaluation
index of water resources in the Yellow River basin
is 3.458, while that in the Yangtze River basin is
3.559, which are both significantly higher than that

TABLE 4
Fuzzy Sets and Evaluation Results for Comprehensive Evaluation of Water Resources Development and
Utilization in China's First-Level Water Resources Area
Index

Criteria for the classification

Evaluation results

Bad

Medium

Good

Excellent

Songhuajiang

0.316

0.134

0.111

0.693

2.881

Liaohe

0.707

0.368

0.137

0.240

1.992

Haihe

0.993

0.466

0.067

0.001

1.887

Yellow River

0.207

0.121

0.113

0.707

3.458

Huaihe

0.521

0.324

0.299

0.302

2.467

Changjiang

0.222

0.145

0.100

0.732

3.559

Southeast Zhuhe

0.553

0.311

0.401

0.327

2.679

Pearl River

0.347

0.535

0.069

0.344

2.458

Southwest Zhuhe

0.998

0.621

0.087

0.009

1.668

Northwest Zhuhe

0.995

0.712

0.024

0.003

1.329
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Based on the analysis of the influencing factors on the development and utilization of water
resources in China's first-level water resources area,
this paper adopts the research method of combining
water quality with water volume, selects the relevant evaluation indexes, establishes the evaluation
index system, determines the weight of each index
by using AHP, and constructs the fuzzy comprehensive evaluation model by using membership
function. This paper also studies and evaluates the
general situation of the development and utilization
of water resources in China in combination with the
actual situation of water resources in China's firstlevel water resources area, and the results are consistent with the actual situation. From the evaluation results, it can be seen that the development and
utilization of water resources in the Yellow River
and Yangtze River basins are relatively intensive,
so it is necessary to strengthen the construction for
their sustainable development and utilization:
1. Strengthen the prevention and control of
water pollution. On the one hand, it is necessary to
strengthen the publicity to raise the public awareness of water conservation. On the other hand, it
should vigorously renovate factories with serious
emission pollution. Furthermore, it is of significance to strengthen the treatment of municipal
waste and waste water and prohibit the establishment of garbage dumps near important water resources.
2. Carry out reasonable layout, planning and
exploitation of water resources. Give reasonable
layout and planning of the industrial chains, limit
the enterprises with high consumption of water
resources, encourage the development of enterprises with high utilization of water resources, control
the exploitation of water resources, and reasonably
utilize the treated sewage, rainwater and secondary
recycling water, etc., so as to reduce the pressure of
water shortage.
3. Increase investment in the development and
utilization of water resources in regions with lagging economic development and balance the layout
of water conservancy projects in all regions of the
country. For example, the southwest and northwest
rivers have low water supply and backward economy, so projects such as "South-to-North Water
Transfer" can be adopted. In addition, water supply
and diversion facilities can be added. Water resources from abundant areas, such as the Yellow
River and the Yangtze River should be introduced
into the northwest, thus realizing the balanced utilization and allocation of water resources in our
country.
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theoretical researches, this paper takes all provinces
and regions in the country and the first-level area of
water resources as research objects, objectively
studies the development and utilization rate of water resources, establishes an evaluation model for
the development and utilization of water resources,
and comprehensively evaluates the development
and utilization degree of water resources in all regions.
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development of society. Based on this, this paper
analyzed the development status of domestic product
packaging and the impact of excessive product
packaging on the ecological environment, and
summarized the principles and methods of green
product packaging design from the perspective of
green ecology, so as to provide certain theoretical
guidance for green product packaging design.

ABSTRACT
With the increasingly significant role of
commodity packaging in the commodity economy,
the packaging technology is growing stronger. More
and more products are excessively pursuing
exquisite packaging and colorful printing, and
excessive packaging of products overwhelms the
market, which not only harms the interests of
consumers, but also causes serious damage to social
resources and ecological environment. In this
context, the concept of green product packaging
design emerges as the times require. From the
perspective of ecological environment protection,
this paper analyzed the problems existing in modern
product packaging and its impact on the ecological
environment, and summarized the design methods of
modern green packaging in order to reduce the
impact of packaging waste on the ecological
environment and provide some theoretical guidance
for green product packaging design.
KEYWORDS:
Green
product,
Packaging
design,
environment, Sustainable development

MATERIALS AND METHODS
Development Status of Product Packaging in
China. Severe Excessive Packaging. Due to the
innovation and development of commodity
packaging technology, manufacturers have obtained
a “spring breeze” of various new packaging
materials. More and more exquisite, high-grade and
even luxurious packaging appears in the market, and
excessive packaging is serious. Enterprises have
raised the price of their products mainly by
expanding the package volume, using special
techniques or advanced technology to print exquisite
packaging, etc., but at the same time, they have also
produced a large amount of waste, causing serious
irreversible ecological environment pollution.

Ecological

Excess of Harmful Substances in Product
Packaging Materials. China's product packaging
materials are mostly plastic, paper, metal, wood,
glass, etc. Among them, plastic is the most common
and widely used packaging material. Toxic
substances remain in plastic products, such as vinyl
chloride monomer, vinylidene chloride monomer,
styrene
monomer,
caprolactam
monomer,
acrylonitrile monomer, bisphenol monomer, etc. In
addition, wooden packaging materials also have
toxic and harmful substances such as formaldehyde
and heavy metals exceeding the standard, thus
causing harm to human body.

INTRODUCTION
The pollution of packaging waste to the
environment has become an extremely serious
problem in present society. In China, the disposable
commodity packaging accounts for nearly 70% of
the total packaging output, the quantity of packaging
waste exceeds 16 million tons, with an annual
growth rate of more than 2%, while the overall
recovery rate of packaging products is less than 20%
of the total packaging output [1]. At present, most of
the domestic packaging enterprises tend to neglect
the recycling of packaging waste in packaging
design, which aggravates the environmental
pollution. Therefore, it is of great significance to
improve the green product packaging design and
reduce the environmental pollution caused by
packaging waste, to maintain the ecological
environment and promote the sustainable

Lack of Innovation in Visual Design of
Product Packaging. Nowadays, the product
packaging is very similar and lacks innovation,
which cannot attract consumers to reuse. At this
stage, most product packaging has become a
disposable consumable, wasting resources.
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Water pollution
Paper material
12%

Ink printing

5%
1%

Plastic
particles
Other

82%

FIGURE 1
Water pollution caused by packaging materials in 2018
Therefore, a packaging with a sense of design is
extremely important to consumers, which can
promote consumers to achieve the purpose of
multiple uses through repeated use or simple
transformation, so as to save ecological resources
and reduce waste generation.

TABLE 1
Pollution of solid waste in China
Industrial solid
waste
Industrial solid
exhaust
emissions
Hazardous
waste
generation

RESULTS AND DISCUSSION
Impact of Excessive Product Packaging on
Ecological Environment. Solid Waste Pollution.
In China, 90 to 130 million tons of packaging waste
are produced every year, and the amount of waste is
increasing year by year. With the decomposition of
packaging waste, harmful substances in the ink,
adhesives, plastic residues and white pollution
entered the soil, causing serious soil and
groundwater pollution. According to statistics, in
2018, the national industrial solid waste output was
1.5 billion tons, an increase of 5.2% over the
previous year; industrial solid waste emissions
reached 20.41 million tons, a decrease of 10.3% over
the previous year. The amount of hazardous waste
generated was 14.01 million tons, an increase of
10.7% over the previous year, as shown in Table 1.
More seriously, as pollutants slowly decompose,
solid packaging wastes such as ink toxins, adhesives,
plastic residues and white pollution enter the soil,
further causing soil pollution [2].

2017

2018

14.05
billion
tons
20.39
million
tons
14.00
million
tons

15.00
billion
tons
20.41
million
tons
14.01
million
tons

Growth
rate
5.20%
10.30%
10.70%

However, it needs to consume a lot of water
resources in the production process, and causes
serious water pollution. The pollution produced by
the pulp making and bleaching process is only
inferior to that of chemical industry, such as
chemical fertilizers, pesticides, monosodium
glutamate, plastics, ink fluorescent agents and other
manufacturing enterprises. In addition, ink printing
and plastic particles can also seriously pollute water
resources. According to the survey, the total amount
of waste water discharged in China in 2018 was
65.13 billion tons, of which 12.6% was polluted by
paper materials, 4.6% by ink printing, and 0.8% by
plastic particles [3], as shown in Fig. 1, which
resulted in a large number of lakes, rivers, and
groundwater pollution, seriously damaging human
health.

Water Pollution. As the global population
continues to increase, the amount of water that can
be safely used continues to decrease. According to a
report by the World Health Organization and the
United Nations Children's Fund in 2013, more than
one million people worldwide use unsafe drinking
water. Paper materials have become the most widely
used packaging materials in the world due to their
low cost, light weight, easy printing and convenient
modeling.

Air Pollution. Nowadays, the global
greenhouse effect is getting more and more serious.
The PM2.5 exceeds the standard in most parts of
China, and the root source is air pollution. Of course,
in addition to the impact of packaging materials,
there are many other pollution factors. The
packaging material production not only consumes a
lot of energy, but also releases many toxic and
hazardous wastes into the air during the process due
to the waste of energy. According to incomplete
statistics of International Lung Association in 2015,
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there were 10.5 million cases of lung health
problems caused by air pollution in the world.
According to a statistical report released by World
Health Organization in 2015, about 570,000 deaths
were caused by air pollution, ranking second among
all death factors. The 2018 national air quality data
released by the Ministry of Ecology and
Environment showed that in 2018, the average
proportion of fine days in 338 cities at prefecture
level and above accounted for 79.3%, the proportion
of heavy pollution days was 2.2%, and the
concentration of PM2.5 was 39 micrograms/cubic
meter [4], as shown in Table 2. Compared with
previous years, the overall data showed an increasing
trend year by year. Therefore, the boosting effect of
product packaging cannot be ignored.

Reduce˖Reduce packaging
materials and oppose overpackaging
Reuse˖Reusable, not easily
discarded and reusable
packaging

4D1R principle

Year

2015
2016
2017
2018

Heavy
pollution
days

PM2.5
concentration

1.6%
1.6%
1.9%
2.2%

26
30
37
39

Recycle:Recyclable, recyclable
waste packaging
Recover˖Gain new value and
use incineration for energy and
fuel
Degradable˖Degradable and
corrosive, which is good for
eliminating white pollution

FIGURE 2
4D1R principle

TABLE 2
China's air pollution
Proportion
of excellent
days in
cities
across the
country
82.3%
79.1%
77.5%
79.3%
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appropriate packaging materials should be selected
according to the requirements of commodity
packaging. Packaging materials containing certain
harmful ingredients should be reduced or prohibited,
and single materials or easy-to-separate,
recoverable, reusable and recyclable green
packaging materials should be adopted as far as
possible. In addition, antiseptic varnishes, printing
inks, adhesives, strapping materials, etc. should also
be selected as far as possible with little impact on the
environment. Table 3 is the impact of several
common packaging materials on the ecological
environment in 27 provinces throughout the country
in 2018. As can be seen from the table, compared
with traditional EPS materials, the use of EPP, pulp
molding, EPE, honeycomb cardboard and air column
packaging and other green packaging materials have
greatly reduced the pollution to soil, groundwater
and air.

ʤȝJP3ʥ

Principles and Methods of Green Product
Packaging Design. The basic principles for green
packaging products are shown in Fig.2 [5]. It mainly
includes (1) green, single, harmless and recyclable
packaging materials. It is forbidden to use packaging
materials containing harmful components, and try to
use single or easy-to-separate, recoverable, reusable
and recyclable green packaging materials to reduce
environmental pollution caused by waste packaging
materials. (2) Packaging reduction. Simple
packaging is advocated to minimize the use of
materials and avoid excessive packaging to save
resources. (3) The packaging design can be
detachable and reused. The packaging of composite
material structure should be designed as a detachable
structure, which is conducive to recycling after
disassembly. (4) The packaging decoration design
should be simplified as much as possible, and the
design elements should be highly refined to reduce
the impact of packaging and printing on the
environment [6, 7].

Packaging Reduction Design. Packaging
reduction design includes simplifying structure and
reducing volume in product design; reducing
consumption and improving processing level in
production; reducing cost in circulation; reducing
pollution and waste in consumption process;
minimizing spare parts in the packaging. At present,
there are many surpluses in packaging, some due to
immature technology, some due to the pursuit of
vanity [10-12]. For example, for some packaging of
moon cakes, in order to pursue more added value,
enterprises have increased their costs in packaging
design, with the volume of packaging becoming
larger and larger and the hierarchical structure
becoming more and more complex. This not only
wastes material resources, but also increases
transportation costs. At the same time, oversized
packaging brings a lot of inconvenience to
customers, resulting in a low recovery rate, which
does not meet the requirements of the development
of the times and the reduction of green packaging.
To achieve the reduction design, it is necessary to
reduce the thickness of packaging materials,

Green Packaging Materials. Green packaging
materials are the foundation of green packaging
design. In the initial stage of packaging design, a
series of issues such as the possibility of product
packaging material recycling, the value of recycling,
and the method of recycling must be considered, so
as to maximize the use value of packaging materials
and energy, and minimize environmental pollution
[8, 9]. In the initial stage of packaging design,

3230

© by PSP

Volume 30– No. 04/2021 pages 3228-3232

Fresenius Environmental Bulletin

TABLE 3
Ecological impact of packaging materials
Packaging materials

Soil contaminated
area(million hectares)

Groundwater pollution
volume(million tons)

EPS
EPP
EPE
Pulp molding
Honeycomb cardboard
Gas column packing

3.2
0.9
1.2
0.6
0.6
0.8

6.5
2.1
2.0
1.0
0.9
0.9

Air Pollution˄
ȝJP3˅
300
120
170
150
170
210

TABLE 4
Weight reduction design for Nestle mineral water bottle packaging
330 ml
550 ml

Before 2005
16.4 g
18 g

2005
12.4 g
15.8 g

reduce the number of packaging layers, and actively
promote the production process of thin-walled and
light-weight packaging products, in order to reduce
the use of packaging materials while ensuring the
packaging function of products. Taking Nestle
mineral water bottle as an example [13] (Table 4).
After several rounds of optimization design, the
weight reduction degree of mineral water bottle
reaches 30-45%, if calculated by tons, it is a
reduction of over 1000 tons.

2010
9.5 g
12 g

Total reduction
-42%
-33%

Packaging Recycling Design. The packaging
with composite material structure is designed as a
detachable structure, different materials and
structures are used for different parts, which is
convenient for classification and recycling. FritoLay Company reduces 150,000 tons of cartons per
year by using recyclable packaging containers six
times. In Franklin Associates' research, Kansas's
Life Cycle Assessment and Solid Waste
Management Consulting Company found that
compared the plastic reusable packaging and
corrugated cardboard packaging for fresh
agricultural products, the use of recyclable
packaging can reduce energy consumption by 39%,
avoid waste by 95%, and reduce greenhouse gas
emissions by 29%.

Packaging Reuse Design. Take a systematic
view at packaging design, integrating packaging
perfectly into product design, making use of the
characteristics and shapes of packaging materials to
make packaging a part of product structure can give
packaging new functions [14]. The design of necktie
box is shown in Fig.3. Both the cover box and the
bottom box are designed with display windows.
After the package is disassembled, tear off the plastic
for opening windows, tear off the small bayonet
along the tear line on the cover box, and clamp the
small bayonet on the bottom box, then the box
becomes a whole. A hook is arranged on the top of
the box to hang in the closet, and the necktie can be
hung on the opening, which not only saves the closet
space, but also keeps the shape of the necktie, so that
the reuse function can be realized.

Green Design of Packaging and Decoration.
At present, packaging and decoration still mainly
convey information and render color through ink
printing, but printing ink contains substances
harmful to human body and environment. Therefore,
packaging decoration design should be as concise as
possible and highly refined design elements to
reduce the impact on the environment.
CONCLUSIONS
China is the third largest packaging country in
the world, but there are still many deficiencies in
packaging design. In addition to the lack of creativity
and mediocre modeling, there are problems in
environmental protection such as material pollution
and excessive packaging. As for the selection of
packaging materials, due to the low cost and simple
process, polypropylene, polyvinyl chloride,
polystyrene and other polymer compounds are still
widely used in product packaging. Most of these
packages cannot be recycled, which pollute the soil,
air and water. However, plastic products are refined
from petroleum resources, and pollution also occur
during the refining process, which does not meet the

FIGURE 3
Packaging design of necktie
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green requirements of energy conservation and
environmental protection. In recent years, the society
strongly advocates replacing plastic packaging with
paper packaging, but paper packaging does not mean
absolute environmental protection. The raw material
of paper is wood, so the extensive use of paper
packaging is the demand for forest resources, but the
sulfur dioxide and dust produced in the papermaking process cause serious air pollution. In terms
of structural design, due to the level of design and
human needs, the problem of excessive packaging is
more serious. In order to cater to consumers,
merchants design more and more luxurious
packaging, so that the value of packaging exceeds
the product itself. However, these luxurious
packages will eventually become garbage because
they cannot be recycled. On the contrary, the whole
set of technologies for green product packaging meet
the requirements of ecology, low carbon and
environmental protection from the selection and use
of packaging materials to the production and
recycling. As a new design concept and thinking
mode, it is suitable for China's current development
policy. This kind of design is different from the
traditional design of board, structure and shape, but
related to the actual effect such as final hand feeling
and aesthetic feeling. It can be reused and regenerate,
which is beneficial to the health of nature and
consumers. It is the first choice of green and
environment-friendly packaging materials, and has a
long-term impact on the environment.
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Meloidogyne graminicola FDQ UHGXFH ULFH \LHOG E\
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DQGLVWKHSODQWSDUDVLWLFQHPDWRGHVWKDWDIIHFWULFH
\LHOG PRVW>@M. graminicolaLVZLGHO\GLVWULE
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DQG RWKHU FRXQWULHV >@ ,Q &KLQD M. graminicola
ZDV ILUVW GLVFRYHUHG DQG UHSRUWHG LQ 6DQ\D &LW\
+DLQDQ3URYLQFH,Q/LXet al.>@IRXQGWKLV
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HDUO\ VWDJH DQG H[SDQGHG LQWR D VSKHULFDO VKDSH DW
WKHODWHUVWDJH:KHQWKHGDPDJHLVVHULRXVWKHWKLQ
ODWHUDO URRWV JURZLQJRQ WKH LQIHFWHG URRW NQRW FDQ
DOVR IRUP URRW NQRWV DIWHU EHLQJ GDPDJHG DQG WKH
URRW WLSV EHFRPH WKLFN DQG VKDUSO\ WZLVWHG DW WKH
ODWHU VWDJH VKRZLQJ DKRRNVKDSHM. graminicola
LV H[WUHPHO\ KDUPIXO WR ULFH SODQWV $IWHU WKH KRVW
SODQWLVLQIHFWHGE\WKHQHPDWRGHWKHURRWZLOOIRUP
ZDUW\URRWNQRWZKLFKZLOODIIHFWWKHDEVRUSWLRQRI
ZDWHU DQG LQRUJDQLF VDOWV LQ WKH VRLO E\ WKH SODQW
URRWV 7KH RYHUJURXQG SDUW RI SODQWV VKRZV V\PS
WRPVRIZDWHUVKRUWDJHRUHOHPHQWGHILFLHQF\VXFK
DVGZDUISODQWV\HOORZLQJOHDYHVRUGU\OHDYHVHWF
ZKLFKFDQOHDGWRSODQWGHDWKLQVHULRXVFDVHV7KH
RYHUJURXQGSDUWRIWKHLQMXUHGSODQWVDWWKHVHHGOLQJ
VWDJH VKRZV \HOORZLQJ OHDYHV HDV\ GHDWK RI VHHG
OLQJVXQGHUGHYHORSHGURRWLQWKHXQGHUJURXQGSDUW
VORZ JHUPLQDWLRQ HWF 5LFH JURZQ LQ GU\ ODQG

Meloidogyne graminicola LV RQH RI WKH SODQW
SDUDVLWLF QHPDWRGHV WKDW DIIHFW ULFH \LHOG PRVW ,Q
UHFHQW \HDUV WKH RFFXUUHQFH DUHD RI ULFH URRWNQRW
QHPDWRGH GLVHDVH LQ ULFH JURZLQJ DUHDV LQ &KLQD
KDVEHHQLQFUHDVLQJ\HDUE\\HDUEHFRPLQJDPDMRU
URRW GLVHDVH WKDW UHVWULFWV ULFH TXDOLW\ DQG \LHOG
'HVWUXFWLRQ RI QHXURSHSWLGH VLJQDOV RI QHPDWRGHV
FDQGLVUXSWWKHLUEHKDYLRUDQGLVRQHRIWKHHIIHFWLYH
ZD\V WR FRQWURO QHPDWRGHV SRSXODWLRQV ,Q WKLV
VWXG\ M. graminicola ZDV XVHG DV WKH REMHFW DQG
WKH VLPSOH FROOHFWHG IURP WKH ILHOG LQ +DLQDQ LV
ODQGZHUH LGHQWLILHG )RXUflp JHQHV RI M. graminicolaZHUHFORQHGDQGWKHLUIXQFWLRQVZHUHDQDO\]HG
E\ LQ VLWX K\EULGL]DWLRQ PDSSLQJ DQG 51$L WHFK
QRORJ\7KHSRSXODWLRQ06<ZDVLGHQWLILHGDVM.
graminicola E\ PRUSKRORJLFDO REVHUYDWLRQ PROHF
XODU ELRORJLFDO WHFKQRORJ\ DQG KRPRORJ\ DQDO\VLV
IRXU flp JHQHV RI M. graminicola LQFOXGLQJ
Mg-flp-1 *HQ%DQNDFFHVVLRQQXPEHU0. 
Mg-flp-13
*HQ%DQN
DFFHVVLRQ
QXPEHU
0.  Mg-flp-14 DQG Mg-flp-18 IUDJPHQWV
ZHUH FORQHG E\ 573&5 DQG WKHLU IUDJPHQW VL]HV
ZHUHESESESESUHVSHFWLYHO\
7KH IXOO OHQJWK RI Mg-flp-14 JHQH  ES *HQ
%DQN DFFHVVLRQ QXPEHU 0.  DQG WKH
Mg-flp-18 JHQH VƍHQGVHTXHQFHES *HQ%DQN
DFFHVVLRQ QXPEHU 0.  ZHUH DPSOLILHG E\
5$&( WHFKQRORJ\ 0DSSLQJ DQDO\VLV RI Mg-flp-1
Mg-flp-13 Mg-flp-14 DQG Mg-flp-18 JHQHV RI M.
graminicola ZDVFDUULHGRXWE\LQVLWXK\EULGL]DWLRQ
51$L WHFKQRORJ\ ZDV XVHG WR GHWHFW WKH VLOHQFLQJ
HIIHFW RI Mg-flp-1 Mg-flp-13 Mg-flp-14 DQG
Mg-flp-18 JHQHVFlpJHQHKDVWKHSRWHQWLDOWRFRQ
WUROEURDGVSHFWUXPQHPDWRGHVWRPDQDJHURRWNQRW
QHPDWRGHGLVHDVHLQULFHILHOGSODQWLQJV\VWHP


.(<:25'6
Meloidogyne graminicola,GHQWLILFDWLRQ&ORQLQJ,QVLWX
K\EULGL]DWLRQ51$L
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ORZO\LQJODQGLUULJDWHGODQGRUGHHSZDWHUFDQEH
LQIHFWHGDQGFDXVHORVVHV7KHHJJPDVVRU-VRIM.
graminicola FDQ VXUYLYH LQ IORRGHG VRLO IRU D ORQJ
WLPH DQG PDLQWDLQ FHUWDLQ KDWFKLQJ RU LQIHFWLQJ
DFWLYLW\>@/DERUDWRU\VWXGLHVKDYHIRXQGWKDWWKH
VXUYLYLQJ QHPDWRGHV VWLOO KDYH LQIHFWLQJ DFWLYLW\
DIWHUWKHKDWFKHGODUYDHDUHVRDNHGLQZDWHUIRUWZR
PRQWKV
1HPDWLFLGHV FDQ HIIHFWLYHO\ FRQWURO WKH M.
graminicola+RZHYHUIRUVPDOOVFDOHIDUPHUVWKH
QHPDWLFLGHVDUHQRWLGHDOEHFDXVHRIH[SHQVLYHDQG
KDUPIXO WR WKH HQYLURQPHQW %HVLGHV ULFH YDULHWLHV
UHVLVWDQW WR URRWNQRW QHPDWRGHV KDYH QRW EHHQ
SRSXODUL]HG GXH WR ORZ \LHOG DQG SRRU WDVWH $W
SUHVHQW JHQH UHJXODWLRQ LV DQ HIIHFWLYH PHDVXUH WR
FRQWURO WKH QHPDWRGH FRQWLQXRXVO\ )05) DP
LGHUHODWHG SHSWLGHV )/3  H[LVW LQ SODQW SDUDVLWLF
QHPDWRGHV DQG FDQ HIIHFWLYHO\ UHJXODWH WKH ERG\
ZDOO SKDU\Q[ DQG RYXODWRU RI QHPDWRGHV LQGLFDW
LQJ WKDW QHXURSHSWLGHV SOD\ D NH\ UROH LQ WKH ERG\
PXVFOHFRQWUROIHHGLQJDQGUHSURGXFWLRQRIQHPD
WRGHV >@ 7KHUHIRUH GHVWUR\LQJ flp JHQH LQ SODQW
SDUDVLWLFQHPDWRGHVFDQDIIHFWWKHPLJUDWLRQLQVRLO
LQIHFWLQJKRVWVIHHGLQJRQSODQWWLVVXHVOD\LQJHJJV
DQG KDWFKLQJ RI QHPDWRGHV ZKLFK ZLOO SURYLGH D
QHZZD\WRFRQWUROSODQWSDUDVLWLFQHPDWRGHV
,QWKLVVWXG\WKHM. graminicola flpJHQHZDV
FORQHGE\PROHFXODUPHDQVDQGWKHWDUJHWJHQHZDV
LGHQWLILHGDQGDQDO\]HGE\LQVLWXK\EULGL]DWLRQDQG
51$L WHFKQRORJ\ ZKLFK FDQ SURYLGH VFLHQWLILF
WKHRUHWLFDOEDVLVIRUHQYLURQPHQWIULHQGO\URRWNQRW
QHPDWRGH 5.1  FRQWURO PHWKRG DQG LV RI JUHDW
VLJQLILFDQFH IRU H[SORULQJ QHZ ZD\V WR FRQWURO RI
ULFH5.1GLVHDVHV


0$7(5,$/6$1'0(7+2'6

0DWHULDO &ROOHFWLRQ 7KH LQIHFWHG ULFH URRWV
ZHUH FROOHFWHG E\ SRLQW VDPSOLQJ PHWKRG 7KH
GLVHDVHG ULFH URRWV ZHUH GLVVHFWHG XQGHU VWHUHRPL
FURVFRSH VLQJOH HJJ PDVVHV ZHUH SLFNHG XS DQG
FROOHFWHG LQFXEDWHG DW ႏIRU PRUH WKDQ K LQ
WKHODE7KH-VZHUHLQRFXODWHGWRWKHURRWVRIULFH
ZLWK WUHIRLO VWDJH WKDW FXOWXUHG LQ WKH VWHULOL]HG
VDQG\ VRLO LQ DGYDQFH IRU SRSXODWLRQ UHSURGXFWLRQ
7KH ULFH YDULHW\ ZDV %R\RX  7KH UHSURGXFWHG
QHPDWRGH SRSXODWLRQ ZDV XVHG IRU LGHQWLILFDWLRQ
DQGODWHUUHODWHGH[SHULPHQWV

0RUSKRORJLFDO ,GHQWLILFDWLRQ 7KH PDLQ
PRUSKRORJLFDO FKDUDFWHULVWLFV RI DGXOW PDOH DQG
IHPDOH RI ULFH URRWNQRW QHPDWRGH VXFK DV ERG\
OHQJWK PD[LPXP ERG\ ZLGWK VW\OHW OHQJWK GLV
WDQFHIURPWKHRSHQLQJRIGRUVDOHVRSKDJHDOJODQG
WR WKH EDVH RI VW\OHW WDLO OHQJWK DQG VR RQ ZHUH
PHDVXUHG:LWKWKHKDQGPDGHVHFWLRQLQJWKHSHU
LQHDO SDWWHUQ RI DGXOW IHPDOH ZDV REVHUYHG XQGHU
WKHVWHUHRPLFURVFRSH


                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

0ROHFXODU ,GHQWLILFDWLRQ DQG $QDO\VLV
'1$ H[WUDFWLRQ RI SDWKRJHQLF 5.1V UHIHUV WR WKH
PHWKRGV VXFK DV /LQ %RURQJ 3ULPHUV '$
 $&$$*7$&&*7*$***$$$*77*  DQG
'%  7&**$$**$$&&$*&7$&7$ ZHUH
V\QWKHVL]HG E\ 6KDQJKDL 6DQJRQ %LRWHFKQRORJ\
6HUYLFH&R/WGDQG3&5SURGXFWVZHUHGHWHFWHG
E\ HOHFWURSKRUHVLV ZLWK  DJDURVH JHO 7KH
7,$1JHO0LGL3XULILFDWLRQ.LWZDVXVHGIRUUHFRY
HU\DQGSXULILFDWLRQ7KHSRVLWLYHFORQHVWKDWFORQHG
RQ YHFWRU S*(07 (DV\ 9HFWRU 6\VWHP , ZHUH
VHQW WR 6KDQJKDL 6DQJRQ IRU VHTXHQFLQJ 7KH VH
TXHQFLQJUHVXOWVZHUHDQDO\]HGE\%/$67WRRORQ
1&%,DQG'1$0$1VRIWZDUH

51$([WUDFWLRQ7KHWRWDO51$RIURRWNQRW
QHPDWRGH ZDV H[WUDFWHG E\ (=1$0LFUR(OXWH
7RWDO 51$ .LW 7KH SXULILFDWLRQ RI 51$ DQG WKH
V\QWKHVLV RI WKH ILUVW VWUDQG RI F'1$ ZHUH SHU
IRUPHGE\7UDQV6FULSW#2QH6WHSJ'1$5HPRYDO
DQG F'1$ 6\QWKHVLV 6XSHU0L[ .LW RI 75$1
&RPSDQ\

&ORQLQJRI7DUJHW*HQH)UDJPHQW7KURXJK
1&%, DQG RWKHU ZHEVLWHV WKH FROOHFWHG JHQH VH
TXHQFHVHQFRGLQJ)/3SURWHLQRIYDULRXVQHPDWRGH
VSHFLHV ZHUH VHDUFKHG &RPELQHG ZLWK WKH ZKROH
JHQRPH GDWD 1;)7  PHDVXUHG E\ WKH
,QGLDQ$JULFXOWXUDO5HVHDUFK,QVWLWXWHWKHFROOHFWHG
VHTXHQFHV ZHUH FRPSDUHG ZLWK WKH ZKROH JHQRPH
GDWD UHVSHFWLYHO\ E\ %ODVW SURJUDP 7KH ,GHQWLW\
DQG %LWVFRUHYDOXHV ZHUHXVHG DV WKH PDLQ VFUHHQ
LQJ REMHFWV WR VFUHHQ IURP KLJK WR ORZ WKHQ WKH
SRVLWLRQRIWKHVHOHFWHGVHTXHQFHZDVORFDWHGLQWKH
ZKROHJHQRPHGDWDDQGWKHVHOHFWHGVHTXHQFHDQG
WKH  ES '1$ VHTXHQFHV EHIRUH DQG DIWHU LW
ZHUH FDUULHG RXW RQOLQH JHQH VHTXHQFH SUHGLFWLRQ
KWWSOLQX[VRIWEHUU\FRP 
8VLQJ WKH SUHGLFWHG F'1$ VHTXHQFH DV WHP
SODWH QHVWHG 3&5 SULPHUV ZHUH GHVLJQHG DQG V\Q
WKHVL]HG E\ 3UHPLHU  VRIWZDUH 7KH SRVLWLYH
FORQHVWKDWFORQHGRQYHFWRUS*(07(DV\9HFWRU
6\VWHP , ZHUH VHQW WR 6KDQJKDL 6DQJRQ IRU VH
TXHQFLQJ DQG HDFK JHQH ZDV LGHQWLILHG E\ VH
TXHQFLQJ DW OHDVW  WLPHV 7KH VHTXHQFLQJ UHVXOWV
ZHUH DQDO\]HG E\ %/$67 WRROV RQ 1&%, DQG
'1$0$1VRIWZDUH
6SHFLILF SULPHUV IRU  5$&( DQG  5$&(
ZHUHGHVLJQHGDFFRUGLQJWRWKHDPSOLILHGVHTXHQFHV
Mg-flp-14 DQG Mg-flp-18 IUDJPHQWV E\ WDUJHW JHQH
573&5  5$&( DQG  5$&( ZHUH FDUULHG RXW
UHIHUULQJ WR  5$&( 6\VWHP IRU 5DSLG $PSOLILFD
WLRQ RI F'1$ (QGV ,QYLWURJHQ   5$&( 6\VWHP
IRU 5DSLG $PSOLILFDWLRQ RI F'1$ (QGV DQG 9HU
VLRQ  NLW ,QYLWURJHQ  5HFRYHU\ FORQLQJ DQG
VHTXHQFLQJ RI 5$&( 3&5 SURGXFWV ZHUH FDUULHG
RXW 7KH VHTXHQFLQJ UHVXOWV ZHUH FRPSDUHG DQG
DQDO\]HG E\ XVLQJ '1$0$1 VRIWZDUH ZKLOH
%/$67VHDUFKIRUVLPLODUVHTXHQFHV
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,Q 6LWX +\EULGL]DWLRQ RI )/3 *HQH 7KH
PHWKRG XVHG LQ WKLV H[SHULPHQW PDLQO\ UHIHUUHG WR
/LQ %RURQJ GLJR[LJHQLQ ',*  ODEHOLQJ PHWKRGV
>@ 7KH VLQJOHVWUDQGHG F'1$ ZDV XVHG DV D
WHPSODWH IRU DPSOLILFDWLRQ WR REWDLQ WKH WDUJHW VH
TXHQFHWKHQSUREHODEHOLQJZDVFDUULHGRXWDQGWKH
UHDFWLRQ ZLWKRXW SUREH ZDV DGRSWHG DV D FRQWURO
3UREHSULPHUVMg-flp-1Mg-flp-13Mg-flp-14DQG
Mg-flp-18ZLWKF'1$DVDWHPSODWHZHUHXVHGWR
DPSOLI\WKHSUREHWHPSODWHDQGWKHJHOZDVFXWIRU
UHFRYHU\ WKHQ YHFWRU FRQQHFWLRQ DQG WUDQVIRU
PDWLRQ DQG VHTXHQFLQJ LGHQWLILFDWLRQ ZHUH FDUULHG
RXW 3UREH ODEHOLQJ DQG GHWHFWLRQ UHIHUHQFH 'LJ
5DQGRP/DEHOLQJ$QG'HWHFWLRQNLWĊ $3  %RVWHU
0. 

51$L '1$0$1 DQG RQOLQH SULPHU GHVLJQ
ZHUH XVHG WR VFUHHQ FRQVHUYHG IUDJPHQWV DQG GH
VLJQ SULPHUV 7 SURPRWHU
7$$7$&
*$&7&$&7$7$***  DQG SURWHFWLYH EDVH $*$
ZHUH DGGHG WR WKH   HQG RI HDFK SDLU RI SULPHUV
6SHFLILF
SULPHUV
0*,)0*,5
0*,)0*,5 0*,)0*,5 LQWURGXFHG
LQWRMg-flp-1Mg-flp-14DQGMg-flp-18JHQHVZHUH
UHVSHFWLYHO\ DPSOLILHG WR REWDLQ FRUUHVSRQGLQJ WDU
JHW IUDJPHQWV WKHQ VHTXHQFLQJ LGHQWLILFDWLRQ ZDV
FDUULHGRXWDQGWKHWDUJHWIUDJPHQWVZHUHXVHGIRU
GV51$ V\QWKHVLV DIWHU SODVPLG DPSOLILFDWLRQ 7KH
GV51$ V\QWKHVLV UHIHUUHG WR 0(*$VFULSW 51$L
.LW
7KH 51$LSUH H[SHULPHQW ZDV FDUULHGRXW ,Q
WKHVXVSHQVLRQUHVRUFLQROZLWKGLIIHUHQWFRQFHQWUD
WLRQV ZDV DGGHG DV ZHOO DV ),7& IOXRUHVFHLQ
LVRWKLRF\DQDWH ILQDO FRQFHQWUDWLRQ  PJPO  7DN
LQJ QR UHVRUFLQRO DV D FRQWURO LW ZDV VKDNHQ DQG
VRDNHG LQ D OLJKWSURRI VKDNHU DW USP $IWHU
H[SHULPHQWVIRUKKKDQGKUHVSHFWLYHO\
USPFHQWULIXJDWLRQDQGFROOHFWLRQZDVFDUULHG
RXW WKHQ ),7& DQG UHVRUFLQRO LQ WKH VROXWLRQ ZHUH
UHPRYHG E\ ZDVKLQJ ZLWK VWHULOH ZDWHU IRU VHYHUDO
WLPHV $ERXW  QHPDWRGHV ZHUH UDQGRPO\ VH
OHFWHG WR REVHUYH WKH JUHHQ IOXRUHVFHQFH LQ WKHLU
HVRSKDJHDO JODQGV XQGHU WKH LQYHUWHG IOXRUHVFHQFH
PLFURVFRSH
7KH GV51$ VRDNLQJ V\VWHP V\QWKHVL]HG LQ
YLWUR E\ -V RI M. graminicola  UHVRUFLQRO ZLWK D
ILQDO FRQFHQWUDWLRQ RI  DERXW  SLHFHV RI
-V GV51$ ZLWK D ILQDO FRQFHQWUDWLRQ RI 
PJP/ DQG 0 %XIIHU VXSSOHPHQWHG WR  P/
$IWHUVRDNLQJLQDOLJKWSURRIVKDNHUDWUSPIRU
 K GV51$ DQG UHVRUFLQRO LQ WKH VROXWLRQ ZHUH
UHPRYHG E\ ZDVKLQJ ZLWK VWHULOH ZDWHU IRU VHYHUDO
WLPHV >@ 0HDQZKLOH WKH QHPDWRGH VXVSHQVLRQ
DGGHG ZLWK Mg-gfp GV51$ DQG WKH QHPDWRGH VXV
SHQVLRQ DGGHG RQO\ ZLWK 0 %XIIHU ZHUH XVHG DV
FRQWUROV $IWHU  K QHPDWRGH ZDV ULQVHG VXSHU
QDWDQW ZDV GLVFDUGHG DIWHU FHQWULIXJDWLRQ WRWDO
51$ RI WDUJHW -V ZDV H[WUDFWHG UHVSHFWLYHO\ DQG

                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

WKH ILUVW VWUDQG RI F'1$ ZDV REWDLQHG E\ UHYHUVH
WUDQVFULSWLRQ RI 51$ ZLWK WKH VDPH FRQFHQWUDWLRQ
*HQHVLOHQFLQJHIIHFWZDVGHWHFWHGE\T3&5ZKLOH
UHIHUHQFH JHQH Mg-18s ZDV XVHG DV DPSOLILFDWLRQ
FRQWURO DQG WKH UHDFWLRQ V\VWHP UHPDLQHG XQ
FKDQJHG7KHǻǻ&7PHWKRG>@ZDVXVHGWRFDOFX
ODWH WKH PXOWLSOH FKDQJHV RI JHQH H[SUHVVLRQ $W
OHDVWWKUHHELRORJLFDODQGWKUHHWHFKQLFDOUHSHWLWLRQV
ZHUH XVHG IRU HDFK VDPSOH 7KH YDULDQFH DQDO\VLV
DQGVLJQLILFDQFHOHYHODQDO\VLVZHUHFDUULHGRXWE\
6$6VRIWZDUH


5(68/76$1'',6&866,21

,GHQWLILFDWLRQ 5HVXOWV 0RUSKRORJLFDO
&KDUDFWHULVWLFV 7KH PDLQ PRUSKRORJLFDO FKDUDF
WHULVWLFVRIULFH5.1ZHUHPHDVXUHGVXFKDVERG\
OHQJWK PD[LPXP ERG\ ZLGWK VW\OHW OHQJWK GLV
WDQFHIURPWKHRSHQLQJRIGRUVDOHVRSKDJHDOJODQG
WRWKHEDVHRIVW\OHWWDLOOHQJWKDQGVRRQ7KHSHU
LQHDOSDWWHUQRIIHPDOHQHPDWRGHVZDVREVHUYHGE\
VHFWLRQLQJ 7KH UHVXOWV VKRZHG WKDW WKH RYHUDOO
PRUSKRORJ\ DQG PHDVXUHPHQW GDWD RI ULFH 5.1
SRSXODWLRQLQ+DLQDQZHUHEDVLFDOO\FRQVLVWHQWZLWK
WKH RULJLQDO UHSRUW 7DEOH   7KH SHULQHDO SDWWHUQ
ZDV RYDO WKH EDFN DUFK ZDV ORZ DQG LWV WRS ZDV
URXQGIODWRUWUDSH]RLG )LJ 7KHRYHUDOOSDWWHUQ
ZDVWKLQVPRRWKDQGFRPSDFW7KHEDFNZDVWLJKW
DQGWKHSDWWHUQRQWKHEDFNDQGVLGHVZDV]LJ]DJ

0ROHFXODU &KDUDFWHUL]DWLRQ DQG 3K\ORJH
QHWLF 5HODWLRQVKLS RI WKH M. Graminicola 3RSX
ODWLRQV 7KH SXULILHG ULFH 5.1 ZDV DPSOLILHG E\
573&5 XVLQJ WKH XQLYHUVDO SULPHUV RI QHPDWRGH
6 U'1$'' UHJLRQ 7KH EDQG VL]H ZDV 
ES E\  DJDURVH JHO HOHFWURSKRUHVLV DQG 6H
TXHQFLQJ $ SK\ORJHQHWLF WUHH )LJ   RI ULFH
5.1V 06< ZLWK JHQH KRPRORJ\EDVHG RQ 6
U'1$'' UHJLRQ VHTXHQFH ZDV FRQVWUXFWHG E\
0(*$  VRIWZDUH DQG 0/ PHWKRG DIWHU DQDO\]
LQJWKHVHTXHQFHGM. graminicolaDQGQHPDWRGH
SRSXODWLRQVVLPLODUWRJHQHUDRI5.1VSXEOLVKHGLQ
*HQ%DQN7KHUHVXOWVVKRZHGWKDWWKHDSSURYDOUDWH
DPRQJ WKH  M. graminicola SRSXODWLRQV UHDFKHG
DQGWKHVHTXHQFHVREWDLQHGE\GLIIHUHQWFRXQ
WULHV ZHUH QRW JURXSHG WRJHWKHU DFFRUGLQJ WR JHR
JUDSKLFDO ORFDWLRQ ZKLFK LQGLFDWHG WKDW WKHUH ZHUH
GLIIHUHQFHV DPRQJ WKH LQWUDVSHFLILFSRSXODWLRQV
06<ZDVJURXSHGZLWKMeloidogyneVSODQGHGLQ
1&%, ZKLFK ZDV FORVHU WR WKH HYROXWLRQDU\ GLV
WDQFH RI M. graminicola DQG KDG OLWWOH UHJLRQDO
GLIIHUHQFHZLWKM. graminicolaDWKRPHDQGDEURDG
06< KDG D UHODWLYHO\ ORQJ HYROXWLRQDU\ GLVWDQFH
IURP Heterodera VS Bursaphelenchus VS
PratylenchusVSDQGHirschmanniellaVS
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7$%/( 
&RPSDUDWLYHPRUSKRPHWULFDQDO\VLVRIGLIIHUHQWVWDGLDRIMeloidogyne graminicolaLQ&KLQD
*ROGHQDQG%LUFK
ILHOG   RULJLQDO

0RUSKRORJL
QHPDWRGHV

FDODQDO\VLV

7KLVVWXG\

GHVFULSWLRQ 
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Q QXPEHU RI QHPDWRGHV PHDVXUHG / WRWDO ERG\ OHQJWK D WRWDO ERG\ OHQJWKPD[LPXP ERG\ GLDP F WRWDO ERG\ OHQJWKWDLO OHQJWK
'*2 GRUVDOSKDU\QJHDOJODQGRULILFH96/ YXOYDVOLWOHQJWK
$OOPHDVXUHPHQWVDUHLQPDQGLQWKHIRUPPHDQV UDQJH   ±QRGDWD
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),*85(
7KHSHULQHDOSDWWHUQRI6<0SRSXODWLRQ 




 M. graminicola+4&KLQD)XMLDQ
 M. graminicola$)$PHULFD&DOLIRUQLD



 M. graminicola.0&KLQD)XMLDQ



 M. graminicola.;&KLQD+XQDQ
 M. graminicola.)&KLQD7DLZDQ



 06<
 M. graminicola.<&KLQD=KHMLDQJ



 M. graminicola-.<3KLOLSSLQHV


 M. exigua$)8QLWHG.LQJGRP
 M. incognita.-&KLQD





 M. javanica.&&KLQD




 M. arenaria.3&KLQD

 Pratylenchus zeae.)&KLQD)X]KRX
 Pratylenchus coffeae+4&KLQD*XDQJGRQJ




 Hirschmanniella oryzae-;0\DQPDU
 Heterodera avenae-4&KLQD



 Heterodera schachtii/&1HWKHUODQGV




 Heterodera glycines.)&DQDGD4XHEHF

 Bursaphelenchus xylophilus-)$PHULFD
 M. fallax)11HZ=HDODQG


),*85(
7KHSK\ORJHQHWLFSRVLWLRQRQ6U'1$''VHTXHQFHGDWDRIULFHURRWNQRWQHPDWRGHV06<



1RWH7KHQXPEHUVRQWKHEUDQFKHVPHDQWKHUHOLDELOLW\SHUFHQWRI%RRWVWUDSVYDOXHEDVHGUHSOLFDWLRQ7KHVFDOHEDU
UHSUHVHQWVVXEVWLWXWLRQVSUHQLWURJHQRXVEDVHSRVLWLRQ
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%DVHG RQ WKH FRPSDULVRQ RI PRUSKRORJLFDO
FKDUDFWHULVWLFV PROHFXODU ELRORJLFDO LGHQWLILFDWLRQ
RI6U'1$''UHJLRQDQGKRPRORJ\DQDO\VLV
UHVXOWV WKH SDWKRJHQLF QHPDWRGH RI ULFH 5.1 GLV
HDVHZDVLGHQWLILHGDVM. graminicola

*HQH &ORQLQJ 7ZR URXQGV RI QHVWHG 3&5
DPSOLILFDWLRQZHUHFDUULHGRXWDQGWKHVHFRQGURXQG
RI 3&5 SURGXFWV ZHUH GHWHFWHG E\ HOHFWURSKRUHVLV
RQ  DJDURVH JHO 6HTXHQFLQJ VKRZHG WKDW WKH
JHQH VHTXHQFH IUDJPHQWV RI Mg-flp-1 *HQ%DQN
DFFHVVLRQ QXPEHU 0.  Mg-flp-13 *HQ
%DQN DFFHVVLRQ QXPEHU 0.  Mg-flp-14
DQG Mg-flp-18 ZHUH  ES  ES  ES DQG
ESUHVSHFWLYHO\ZKLFKZHUHFRQVLVWHQWZLWKWKH
LQIHUHQFH 7KH UHVXOWV RI %ODVW DOLJQPHQW RQ1&%,
VKRZHGWKDWWKHESVHTXHQFHZDVVLPLODU
WRWKHSDUWLDOVHTXHQFHRI)05)DPLGHOLNHSHSWLGH
 .&  RI M. graminicola ZKLFK ZDV
LQLWLDOO\ FRQVLGHUHG WR EH D SDUWLDO IUDJPHQW RI
M.graminicola flp-1 JHQH 7KH UHVXOWV RI %ODVW[
DOLJQPHQW RQ 1&%, VKRZHG WKDW WKH REWDLQHG 
ES VHTXHQFH ZDV  VLPLODU WR WKH SDUWLDO VH
TXHQFH RI WKH flp-13 JHQH 3'0  RI Pristionchus pacificus ZKLFK LV SUHOLPLQDULO\ EHOLHYHG
WR EH D SDUWLDO IUDJPHQW RI WKH M. graminicola
flp-13 JHQH 7KH UHVXOWV RI %ODVW DOLJQPHQW RQ
1&%, VKRZHG WKDW WKH  ES VHTXHQFH ZDV 
VLPLODUWRWKHSDUWLDOVHTXHQFHRI)05)DPLGHOLNH
SHSWLGH  .-   RI M. graminicola SUH
OLPLQDULO\FRQVLGHULQJWREHDSDUWLDOIUDJPHQWRIM.
graminicola flp-14 JHQH 7KH UHVXOWV RI %ODVW[
DOLJQPHQW RQ 1&%, VKRZHG WKDW WKH REWDLQHG 
ES VHTXHQFH ZDV  VLPLODU WR WKH SDUWLDO VH
TXHQFH RI )05) DPLGHOLNH SHSWLGH )/3
$$:  RI M. incognita ZKLFK LV LQLWLDOO\

FRQVLGHUHG WREH DSDUWLDOIUDJPHQW RI M. graminicola flp-18JHQH
$FFRUGLQJ WR WKH VHTXHQFLQJ UHVXOWV RI
Mg-flp-14 DQG Mg-flp-18 JHQH IUDJPHQWV REWDLQHG
DERYH 5$&(DQG 5$&(SULPHUVZHUHGHVLJQHG
UHVSHFWLYHO\ 1HVWHG 3&5 ZDV XVHG WR FDUU\ RXW
HOHFWURSKRUHVLVGHWHFWLRQRQDJDURVHJHOUHVSHF
WLYHO\ $IWHU WDUJHW IUDJPHQW UHFRYHU\ YHFWRU FRQ
QHFWLRQ DQG WUDQVIRUPDWLRQ FRORQ\ VFUHHQLQJ DQG
VHTXHQFLQJESDQGES HQGVHTXHQFHVRI
Mg-flp-14 DQG Mg-flp-18 JHQHV ZHUH REWDLQHG UH
VSHFWLYHO\DVZHOODVWKHES HQGVHTXHQFHRI
Mg-flp-14 JHQH 8VLQJ '1$0$1 VRIWZDUH WR
VSOLFH WKH 5$&( UHVXOWV DQG WKH RYHUODSSLQJ VH
TXHQFHV RI FRUUHVSRQGLQJ DPSOLILHG IUDJPHQWV WKH
IXOOOHQJWKRIM. graminicola Mgflp-14 *HQ%DQN
DFFHVVLRQ QXPEHU 0.  JHQH ZDV REWDLQHG
IRU WKH ILUVW WLPH WKH  HQG DQG VRPH LQWHUPHGLDWH
VHTXHQFHV RI Mg-flp-18 *HQ%DQN DFFHVVLRQ QXP
EHU0. JHQHZHUHREWDLQHG
7KH Mg-flp-1 JHQH IUDJPHQW DPSOLILHG E\
573&5 FRQWDLQHG D  ES 25) RSHQ UHDGLQJ
IUDPH LQFOXGLQJ 7HUPLQDWRU  HQFRGLQJ  DPLQR
DFLGV DQG WZR PRWLIV $'31)/5)* DQG
<'31)/5)* ZHUH SUHGLFWHG ¶875  ES DQG
¶875ESFRQWDLQHGDSRO\$VWUXFWXUH
7KH Mg-flp-14 JHQH DPSOLILHG E\ 5$&(
WHFKQRORJ\ KDG D IXOO OHQJWK RIES DQG25)
RI  ES LQFOXGLQJ 7HUPLQDWRU  ,W HQFRGHG 
DPLQR DFLGV DQG ZDV SUHGLFWHG WR FRQWDLQ D VLJQDO
SHSWLGHZLWKFOHDYDJHVLWHEHWZHHQSRVDQG
7KHUH ZDV D SRVVLEOH PRWLI 4/$**'((5
///&4/<(667/ 875ES 875ES 
HQG FRQWDLQHG DQ ROLJRDGHQ\ODWH WDLOLQJ VLJQDO DD
WDDD  DQG D SUHGLFWHG SRO\$ VWUXFWXUH $ WRWDO RI
ESZDVFORQHGDIWHUVSOLFLQJWKHMg-flp-18 



),*85(
7KHUHVXOWVRILQVLWXK\EULGL]DWLRQRIMg-flp-1, Mg-flp-13, Mg-flp-14 DQGMg-flp-18JHQHV
$DQG%7KHUHVXOWVRILQVLWXK\EULGL]DWLRQRIMg-flp-14&'DQG)7KHUHVXOWVRILQVLWXK\EULGL]DWLRQRIMg-flp-1(
7KHUHVXOWRILQVLWXK\EULGL]DWLRQRIMg-flp-18*7KHUHVXOWRILQVLWXK\EULGL]DWLRQRIMg-flp-13+&. 
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7$%/(
3HUVHQWDJHRIGLIIHUHQWFRQFHQWUDWLRQVRIUHVRUFLQRORQWKHDEVRUSWLRQRI),7&E\M. graminicola
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5HVRUFLQRO









5HVRUFLQRO









1RQHa˗!

JHQH IUDJPHQW   HQG DQG VRPH LQWHUPHGLDWH VH
TXHQFHV  7KH   HQG RI WKH JHQH IUDJPHQW ZDV
FRPSOHWHDQGKDGDES25) LQFOXGLQJ7HUPL
QDWRU HQFRGLQJDPLQRDFLGV,WZDVSUHGLFWHG
WR FRQWDLQ D VLJQDO SHSWLGHZLWK FOHDYDJHVLWHV EH
WZHHQSRVDQGDQGWKHUHZDVDSRVVLEOHPR
WLI ,'0(.50)6<$'/011)**36$/(/9.
 875ES 875ESDQG HQGFRQWDLQHG
DQROLJRDGHQ\ODWHWDLOLQJVLJQDO DDWDDD DQGDSUH
GLFWHGSRO\$VWUXFWXUH

,Q 6LWX +\EULGL]DWLRQ 5HVXOWV 7KH LQ VLWX
K\EULGL]DWLRQ UHVXOWV RI M. graminicola ZHUH RE
VHUYHG XQGHU RSWLFDO PLFURVFRSH 7KH UHVXOWV
VKRZHG WKDW Mg-flp-1 JHQH ZDV REYLRXVO\ H[
SUHVVHGLQWKHKHDGDQGFLUFXPHQWHULFQHUYHULQJRI
WKH QHPDWRGHV DQG ZDV SDUWLDOO\ GLIIXVHG LQ WKH
PLGGOH RI WKH QHPDWRGHV )LJ  & ' ) 
Mg-flp-13 JHQH ZDV REYLRXVO\ H[SUHVVHG LQ WKH
VW\OHWNQREFLUFXPHQWHULFQHUYHULQJDQGJRQRSRUH
RIWKHQHPDWRGHVDQGZDVSDUWLDOO\GLIIXVHGLQWKH
PLGGOHRIWKHQHPDWRGHV )LJ* Mg-flp-14JHQH
ZDVREYLRXVO\H[SUHVVHGLQWKHVW\OHWFLUFXPHQWHULF
QHUYHULQJRIWKHQHPDWRGHVDQGDURXQGWKHH[FUH
WRU\ SRUH DQG ZDV SDUWLDOO\ GLIIXVHG LQ WKH PLGGOH
RI WKH QHPDWRGHV )LJ  $ %  Mg-flp-18 JHQH
ZDV REYLRXVO\ H[SUHVVHG LQ WKH QHUYH ULQJ DURXQG
WKH H[FUHWRU\ SRUH RI WKH QHPDWRGHV DQG ZDV SDU
WLDOO\GLIIXVHGLQWKHPLGGOHRIWKHQHPDWRGHV )LJ
( 7KHFRQWUROZDVQRWVWDLQHG )LJ+ 

51$L 5HVXOWV ,Q WKLV H[SHULPHQW ),7& ZDV
XVHGDVDYLVXDOPDUNHUWRDQDO\]HWKHIHHGLQJVLWX
DWLRQ RI M. graminicola VWLPXODWHG E\ VRDNLQJ LQ
GLIIHUHQWFRQFHQWUDWLRQVRIUHVRUFLQRO7KH-VZHUH
VRDNHGZLWKUHVRUFLQROZLWKDILQDOFRQFHQWUDWLRQRI
LQWKHHDUO\VWDJHDQGLWZDVIRXQGGHDGDIWHU
K %DVHG RQ WKLV D UHVRUFLQRO VRDNLQJ V\VWHP ZLWK
ILYH FRQFHQWUDWLRQ JUDGLHQWV RI   
 DQG  ZDV GHVLJQHG IRU VFUHHQLQJ DQG
),7& ZDV DGGHG WR IDFLOLWDWH REVHUYDWLRQ RI UHVRU
FLQRO VHIIHFWRQVWLPXODWLQJQHPDWRGHSKDJRF\WRVLV
7DEOH 

7KH UHVXOWV RI IOXRUHVFHQFH PLFURVFRSH
VKRZHG WKDW DIWHU EHLQJ VRDNHG ZLWK UHVRUFLQRO RI
GLIIHUHQW FRQFHQWUDWLRQV IRU  K  JURXS RI
QHPDWRGHVKDGQRIOXRUHVFHQFHUHDFWLRQZKLOHRWK
HU H[SHULPHQWDO JURXSV KDG SDUWLDO IOXRUHVFHQFH
UHDFWLRQ0RVWRIWKHQHPDWRGHVLQWKHH[SHULPHQWDO
JURXS ZLWK UHVRUFLQRO FRQFHQWUDWLRQ KLJKHU WKDQ
 GLHG $IWHU VRDNLQJ IRU  K  JURXS RI
QHPDWRGHV KDG QR IOXRUHVFHQFH UHDFWLRQ 
JURXS RI QHPDWRGHV KDG SDUWLDO IOXRUHVFHQFH UHDF
WLRQ ZKLOH RWKHU H[SHULPHQWDO JURXSV KDG PRVW RI
WKH IOXRUHVFHQFH UHDFWLRQ DQG WKH H[SHULPHQWDO
JURXS RI QHPDWRGHV ZLWK UHVRUFLQRO FRQFHQWUDWLRQ
KLJKHUWKDQEDVLFDOO\GLHG$IWHUVRDNLQJIRU
K  JURXS RI QHPDWRGHV KDG SDUWLDO IOXRUHV
FHQFHUHDFWLRQPRUHWKDQQHPDWRGHVLQRWKHU
JURXSV KDG IOXRUHVFHQFH UHDFWLRQ ZKLOH WKH H[SHU
LPHQWDO JURXS RI QHPDWRGHV ZLWK UHVRUFLQRO FRQ
FHQWUDWLRQ KLJKHU WKDQ  GLHG 7KH UHVXOWV RI
VRDNLQJ IRU  K DQG  K ZHUH WKH VDPH 1R QHPD
WRGHGHDWKZDVREVHUYHGLQWKH&.JURXSDQGWKHUH
ZDV QR IOXRUHVFHQFH UHDFWLRQ EHIRUH  K :KHQ
UHVRUFLQROZDVXVHGDVWKHVWLPXODWLQJIDFWRU
WKH JUHHQ IOXRUHVFHQFH LQ WKH GLJHVWLYH WUDFW RI
QHPDWRGHVFRXOGEHFOHDUO\REVHUYHGXQGHUWKHIOX
RUHVFHQFHPLFURVFRSHDIWHUK )LJ ,QGV51$
VRDNLQJ H[SHULPHQW LW VKRXOG QRW RQO\ HQVXUH WKH
VWLPXODWLRQHIIHFWRQQHPDWRGHVEXWDOVRHQVXUHWKH
ORZPRUWDOLW\UDWHRIQHPDWRGHV7KHUHIRUHWKURXJK
WKH DERYH ),7& ODEHOLQJ REVHUYDWLRQ  UHVRU
FLQROVRDNLQJIRUPRUHWKDQKKDGWKHEHVWVWLPX
ODWLRQHIIHFWRQQHPDWRGHV
:LWK WKH UHYHUVH WUDQVFULSWDVH GV51$ ZLWK
OHQJWKVRIESESDQGESZHUHV\QWKH
VL]HG UHVSHFWLYHO\ $IWHU M. graminicola ZDV
VRDNHGLQGV51$IRUKT573&5DQDO\VLVRIWKH
WDUJHWJHQHZDVSHUIRUPHG7KHUHVXOWVVKRZHGWKDW
WKH H[SUHVVLRQ RI Mg-flp-1 Mg-flp-14 DQG
Mg-flp-18 JHQH GHFUHDVHG UHVSHFWLYLO\ E\ 
DQGFRPSDUHGZLWKWKHH[SUHVVLRQRI
WDUJHWJHQHLQWKHFRQWUROJURXS
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,QWKLVVWXG\WKHPRUSKRORJLFDOFKDUDFWHULVWLFV
RI IHPDOH PDOH DQG - RI WKH QHPDWRGH ZHUH RE
VHUYHG DQG PHDVXUHG DQG WKH SHULQHDO SDWWHUQV RI
WKH IHPDOH QHPDWRGHV ZHUH REVHUYHG 7KH UHVXOWV
ZHUHVLPLODUWRWKHGHVFULSWLRQRIM. graminicolaLQ
UHOHYDQW OLWHUDWXUHV 0RUSKRORJLFDO LQGH[HV KDG
FHUWDLQGLDJQRVWLFVLJQLILFDQFHIRUWKHLGHQWLILFDWLRQ
RI M. graminicola >@ EXW PRUSKRORJLFDO PHDV
XUHPHQW KDG FHUWDLQ DUWLILFLDO HUURU DQG WKHUH ZDV
QR FRUUHODWLRQ EHWZHHQ LQWHUVSHFLILF DQG LQWUDVSH
FLILF PRUSKRORJLFDO PHDVXUHPHQW DQG WKH JHR
JUDSKLFVRXUFHRIWKHSRSXODWLRQ>@VRPROHFXODU
LGHQWLILFDWLRQZDVPRUHHVVHQWLDO,QWKLVVWXG\WKH
6U'1$'' VHTXHQFH ZDV FRPSDUHGZLWK WKH
VHTXHQFH LQ *HQH%DQN GDWDEDVH DQG WKH UHVXOWV
VKRZHG  FRQVLVWHQF\ ZLWK .< M.
graminicola  DQG .< M. graminicola 
ZKLFK KDYH EHHQ UHSRUWHG DQG UHJLVWHUHG 7KH UH
VXOWV RI KRPRORJ\ DQDO\VLV SURFODLPHG WKDW WKH
HYROXWLRQDU\ GLVWDQFH EHWZHHQ 06< DQG M.
graminicola LQ 1&%, ZDV FORVHU DQG WKH UHJLRQDO
GLIIHUHQFH EHWZHHQ 06< DQG M. graminicola DW
KRPH DQG DEURDG ZDV VPDOOHU ZKLFK LV GLIIHUHQW
IURP WKH UHVXOWV RI 7LDQ et al >@ ZKLFK PD\ EH
UHODWHG WR WKH GLIIHUHQFH RI VHOHFWHG VHTXHQFHV
ZKLOHWKHHYROXWLRQDU\GLVWDQFHEHWZHHQ06<DQG
QHPDWRGHVLQRWKHUJHQHUDZDVIDU,QWKHSK\ORJH
QHWLF WUHH WKH QXFOHRWLGH GLIIHUHQFHV DPRQJ M.
graminicola SRSXODWLRQV LQ &KLQD ZHUH VPDOO DQG
WKHUH ZDV QR REYLRXV JHQHWLF GLYHUVLW\ VR LW ZDV
GLIILFXOWWRWUDFHWKHVRXUFHRIVXFKGLVHDVHV
1HXURSHSWLGHVDUHZLGHO\IRXQGLQSODQWSDUD
VLWLF QHPDWRGHV ZKLFK FDQ HIIHFWLYHO\ UHJXODWH WKH
ERG\ZDOOSKDU\Q[DQGRYXODWRURIWKHQHPDWRGHV
DQGSOD\DNH\UROHLQFRQWUROOLQJWKHERG\PXVFOHV
IHHGLQJDQGUHSURGXFWLRQRIWKHQHPDWRGHVFlpLVD
JHQHHQFRGLQJDPLGHUHODWHGSHSWLGHVRIWKHQHPD
WRGHV,QWKLVSDSHUWKHVWXG\RIM. graminicola flp
LVKHOSIXOWRXQGHUVWDQGWKHLQIHFWLRQUHJXODWLRQDQG
OLIHDFWLYLWLHVRIQHPDWRGHVRQKRVWSODQWVDQGSUR
YLGH D QHZ ZD\ IRU WKH FRQWURO RI SODQW SDUDVLWLF
QHPDWRGHV
,Q WKLV VWXG\ IUDJPHQWV RI IRXU flp JHQHV
Mg-flp-1Mg-flp-13Mg-flp-14Mg-flp-18LQWKHM.
graminicola )05)DPLGHOLNHSHSWLGHJHQHIDPLO\
ZHUHFORQHG  7KHIXOOOHQJWKRIflp-14JHQHLQM.
graminicola ZDV FORQHG IRU WKH ILUVW WLPH ZKLFK
ZLOOSURYLGHWKHEDVLVIRUWKHUHVHDUFKRIM. graminicola flp-14 $OWKRXJK WKH   HQG VHTXHQFH RI
Mg-flp-18 JHQH KDV QRW EHHQ DPSOLILHG LW KDV D
FRPSOHWH25)VRZHZLOOFRQWLQXHWRH[SORUHWKH 
HQGVHTXHQFHRIMg-flp-18JHQHWRPRUHIXOO\LGHQ
WLI\WKHIXQFWLRQRIWKHJHQH,WLVGLIILFXOWWRDPSOL
I\ WKH ZKROH VHTXHQFH RI Mg-flp-1 JHQH EXW WKH
FRPSOHWH 25) REWDLQHG LQ WKLV H[SHULPHQW VKRXOG
EHKHOSIXOIRUWKHVWXG\RIWKLVSURWHLQ7KH 875
RI Mg-flp-14 JHQH LV UHODWLYHO\ ORQJHU WKDQ WKDW RI
RWKHU QHPDWRGH flp JHQHV ZKLFK PD\ EH WKDW WKH
875RIWKHJHQHKDVDVSHFLDOVWUXFWXUHRUDVSHFLDO
SURWHFWLRQ IUDJPHQW IRU WKH FRGLQJ UHJLRQ EXW WKH

                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

VSHFLILF UHDVRQ QHHGV WR EH IXUWKHU H[SORUHG 3UH
GLFWLRQ RI SURWHLQ FKDUDFWHULVWLFV HQFRGHG E\ flp
JHQH VKRZHG WKDW WKH LQVWDELOLW\ FRHIILFLHQW RI WKH
SURWHLQ HQFRGHG E\ Mg-flp-14 ZDV ORZ ZKLFK EH
ORQJHG WR D NLQG RI VWDEOH SURWHLQ ZKLOH WKH LQVWD
ELOLW\ FRHIILFLHQW RI WKH SURWHLQ HQFRGHG E\
Mg-flp-18 ZDV KLJK ZKLFK EHORQJHG WR D NLQG RI
XQVWDEOHSURWHLQ
,Q VLWX K\EULGL]DWLRQ LV RQH RI PROHFXODU K\
EULGL]DWLRQ WHFKQLTXHV &RPSDUHG ZLWK LPPXQR
FKHPLFDOUHDFWLRQWHFKQLTXHVLWKDVVWURQJHUVSHFL
ILFLW\DQGSOD\VDQLPSRUWDQWUROHLQWKHHDUO\VWXG\
RIWKHflpJHQHIXQFWLRQRIC. elegansDQGA. suillae
7KHUHIRUHWKHSRVLWLRQDQGWUDQVPLVVLRQSURFHVVRI
QHXURVRPH EHWZHHQ GLIIHUHQW QHPDWRGHV DUH FRP
SDUDEOH
7KHUHVXOWVRILQVLWXK\EULGL]DWLRQRIWKHIRXU
M. graminicola flp JHQHV FORQHG LQ WKLV VWXG\
VKRZHG GLIIXVH VWDLQLQJ LQ WKH DEGRPHQ RI WKH
QHPDWRGHV LQGLFDWLQJ WKDW WKHVH JHQHV PD\ EH UH
ODWHGWRDEGRPLQDOPXVFOHPRYHPHQWRUWKH\PD\
EH H[SUHVVHG DV LQWHUQHXURQV ZKLFK DUH RQO\ UH
VSRQVLEOH IRU FRQQHFWLQJ WKH FHQWUDO QHUYRXV ZLWK
G\QDPLFRUVHQVRU\QHXURQVDQGGRQRWSDUWLFLSDWH
LQ WKH UHJXODWLRQ RI QHPDWRGH EHKDYLRU %RWK
Mg-flp-14 DQG Mg-flp-18 JHQHV ZHUH H[SUHVVHG LQ
WKH QHUYH ULQJ DURXQG WKH H[FUHWRU\ SRUH RI QHPD
WRGHV ZKLFK LV SUHVXPHG WR UHJXODWH WKH H[FUHWLRQ
RUPDWLQJRIQHPDWRGHV+RZHYHUWKHPDSSLQJRI
Mg-flp-14DQGMg-flp-18JHQHVFDQQRWFOHDUO\VKRZ
WKH H[DFW QHXUDO VLWH RI QHPDWRGH H[SUHVVLRQ 7KH
ODUJH VWDLQLQJ DUHD DURXQG WKH H[FUHWRU\ SRUH RI
QHPDWRGHVPD\EHUHODWHGWRQHPDWRGHWDLOVHQVRUV
RU EHFDXVH WKHUH DUH PRUH QHXURQV FRQWUROOHG E\
Mg-flp-14 DQG Mg-flp-18 JHQHV QHDU WKH H[FUHWRU\
SRUH RI QHPDWRGHV VR WKH PRYHPHQW RI WKHLU WDLO
PXVFOHV LV UHJXODWHG WKHUHE\ UHJXODWLQJ WKH PRYH
PHQW EHKDYLRU H[FUHWRU\ EHKDYLRU DQG PDWLQJ EH
KDYLRU RI WKH QHPDWRGHV Mg-flp-1 Mg-flp-13
Mg-flp-14 JHQHV ZHUH H[SUHVVHG LQ SKDU\QJHDO
QHUYH RI QHPDWRGHV DQG WKH\ ZHUH REYLRXVO\ H[
SUHVVHG LQ WKH FLUFXPHQWHULF QHUYH ULQJ LQGLFDWLQJ
WKDWWKHJHQHVZHUHUHODWHGWRIHHGLQJEHKDYLRUDQG
VZDOORZLQJDFWLYLW\RIQHPDWRGHV/LSUHJLRQLVWKH
PDLQSDUWRIWKHKHDGRIQHPDWRGHVZKLFKFRQFHQ
WUDWHV WKH IURQWHQG VHQVRU\ RUJDQV (DFK VHQVRU\
RUJDQ FRQWDLQV QHXUDO DQG QRQQHXURQDO SDUWV
IRUPHG E\ WZR HSLGHUPDO FHOOV 7KH UHVXOWV RI LQ
VLWX K\EULGL]DWLRQ VKRZHG WKDW Mg-flp-1 DQG
Mg-flp-14 JHQHV ZHUH H[SUHVVHG LQ WKH KHDG RI
QHPDWRGHV,WZDVVSHFXODWHGWKDWWKHJHQHVPD\EH
H[SUHVVHG SDUWLDOO\ LQ WKH QHXURQV RI WKH KHDG RI
QHPDWRGHV WKXV FRQWUROOLQJ WKH LQIHFWLRQ RI QHPD
WRGHV RQ KRVW SODQWV DQG VHFUHWLRQ DQG IHHGLQJ EH
KDYLRURILQIHFWHGVW\OHWV
7KHUHVXOWVRILQ VLWXK\EULGL]DWLRQ LQ WKLVH[
SHULPHQW ZHUH EDVLFDOO\ FRQVLVWHQW ZLWK WKH IXQF
WLRQDQGH[SUHVVLRQSRVLWLRQRIWKHFRUUHVSRQGLQJC.
elegans flp JHQH VKRZQ LQ WKH ZRUPEDVHRUJ GDWD
EDVH KWWSVZRUPEDVHRUJ  VR WKH
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PDSSLQJRIM. graminicola flpJHQHWKURXJKLQVLWX
K\EULGL]DWLRQ WHFKQRORJ\ ZDV UHODWLYHO\ DFFXUDWH
7KHEHVWVWDWHRILQVLWXK\EULGL]DWLRQLVWRPDSLQ
GLYLGXDO FHOOV RI QHPDWRGHV RU JURXSV RI PXOWLSOH
FHOOV WKDW SHUIRUP FHUWDLQ IXQFWLRQV 7KH UHVXOWV
VKRZHG WKDW DOO IRXU JHQHV ZHUH H[SUHVVHG LQ WKH
DEGRPHQ RI M. graminicola 7KH GLIIHUHQFH ZDV
WKDWMg-flp-1Mg-flp-13DQGMg-flp-14JHQHVZHUH
H[SUHVVHGLQSKDU\QJHDOQHUYHVDQGVFDOSQHUYHVRI
WKH QHPDWRGHV ZKLOH Mg-flp-18 JHQH ZDV QRW H[
SUHVVHG7KHflpJHQHKDGDODUJHQXPEHURIGLIIXVH
DQGEDQGHGVWDLQLQJVLWHVLQWKHPLGGOHRIWKHQHP
DWRGHV$OWKRXJKLWFDQQRWEHDFFXUDWHO\ORFDWHGLQ
D VLQJOH FHOO LW FDQ EH LGHQWLILHG WKDW WKH flp JHQH
ZDVZLGHVSUHDGLQM. graminicolaDQGZKLFKSDUWV
RIWKHQHPDWRGHVWKHflpJHQHZDVH[SUHVVHGLQFDQ
EHFOHDUO\VHHQ7KHUHIRUHWKHUHODWLRQVKLSEHWZHHQ
WKHflpJHQHDQGWKHOLIHDFWLYLWLHVRIQHPDWRGHVFDQ
EH LQIHUUHG SURYLGLQJ QHZ LGHDV DQG WKHRUHWLFDO
EDVLVIRUWKHFRQWURORIQHPDWRGHV,QDGGLWLRQWKH
GLIIHUHQFH RI flp JHQH H[SUHVVLRQ DQG H[SUHVVLRQ
VLWH EHWZHHQ QHPDWRGHV DW GLIIHUHQW DJHV IHPDOHV
DQG PDOHV GLG QRW EH LQYROYHG LQ WKLV H[SHULPHQW
IXUWKHUVWXG\VKRXOGEHFDUULHGRXW
51$L WHFKQRORJ\ LV DQ LPSRUWDQW KHOSIXO
PHDQVWRKHOSUHVHDUFKHUVLGHQWLI\JHQHIXQFWLRQRQ
WKH UHVHDUFK RI SODQW SDWKRJHQLF QHPDWRGHV 7KH
LQWHUIHUHQFH RI Mg-flp-1 Mg-flp-14 DQG Mg-flp-18
RQ M. graminicola ZDV VWXGLHG LQ WKLV H[SHULPHQW
7KH-VRIM. graminicola ZHUHVRDNHGZLWKUHVRU
FLQRO ZLWK D ILQDO FRQFHQWUDWLRQ RI  LQ WKH HDUO\
VWDJHRIWKLVH[SHULPHQW,WZDVIRXQGWKDW-VGLHG
DIWHU K DQG WKH VDPH UHVXOW ZDV REWDLQHG DIWHU
UHSHDWHG  WLPHV ZKLFK LV LQFRQVLVWHQW ZLWK WKH
UHVHDUFK UHVXOWV RI .XPDUL et al >@ DQG PD\ EH
GXH WR WKH KLJK UHVRUFLQRO FRQFHQWUDWLRQ %DVHG RQ
WKDW ZH H[SORUHG WKH FRQGLWLRQV RI 51$L VRDNLQJ
H[SHULPHQW LQ YLWUR WKDW LV EHIRUH 51$L VRDNLQJ
H[SHULPHQW ),7& ZDV XVHG DV YLVXDO PDUNHU WR
H[SORUH WKH IHHGLQJ VLWXDWLRQ RI M. graminicola
VWLPXODWHG E\ UHVRUFLQRO VRDNLQJ DW GLIIHUHQW FRQ
FHQWUDWLRQV
7KURXJK WKH H[SORUDWLRQ RI 51$L VRDNLQJ
FRQGLWLRQV IRXQG WKDW UHVRUFLQRO GLG VWLPXODWH WKH
IHHGLQJ RI M. graminicola LQ YLWUR ZKLFK FDQ EH
REVHUYHGXQGHUIOXRUHVFHQFHPLFURVFRSHZLWK),7&
DV YLVLEOH PDUNHU EXW WKH FRQFHQWUDWLRQ VHOHFWLRQ
SOD\VDNH\UROHLQ51$LVRDNLQJH[SHULPHQW7KH
H[SHULPHQWDO UHVXOWV VKRZHG WKDW  DQG DERYH
UHVRUFLQROZLWKLQKKDGOHWKDOHIIHFWRQM. graminicola $OWKRXJK UHVRUFLQRO DW D FRQFHQWUDWLRQ RI
GLGQRWNLOOQHPDWRGHVLWVHIIHFWRIVWLPXODW
LQJ WKH SKDJRF\WRVLV RI QHPDWRGH LQ YLWUR ZDV QRW
REYLRXV 'XH WR WKH VRDNLQJ H[SHULPHQW GV51$
ZLOO EH SDUWLDOO\ GHJUDGHG DQG PHDQZKLOH WKH
VWLPXODWLRQ HIIHFW RQ QHPDWRGHV DQG WKH ORZ PRU
WDOLW\ UDWH RI QHPDWRGHV VKRXOG EH JXDUDQWHHG
7KHUHIRUH WKURXJK ),7& ODEHOLQJ SUHH[SHULPHQW
REVHUYDWLRQWKHGV51$VRDNLQJH[SHULPHQWVKRXOG
DGRSWUHVRUFLQROIRUPRUHWKDQK
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:LWK WKH GHYHORSPHQW RI 51$L WHFKQRORJ\
UHFHQWVWXGLHVRQ51$LWHFKQRORJ\WRSODQWSDUDVLW
LF QHPDWRGHV KDYH PDGH LW SRVVLEOH WR LGHQWLI\ WKH
IXQFWLRQ RI VRPH JHQHV LQ QHPDWRGHV >@ ,Q WKLV
VWXG\ WKH UHVXOWV RI 51$L VKRZHG WKDW WKH H[SUHV
VLRQ RI Mg-flp-1 Mg-flp-14 Mg-flp-18 JHQHV GH
FUHDVHGE\ FRPSDUHGZLWK WKH FRQWURO
JURXS7KHUHVXOWRIMg-flp-14JHQHZDVQRWFUHGL
EOH EHFDXVH WKH GHFUHDVH RI JHQH H[SUHVVLRQ ZDV
WRR ORZ ZKLFK PD\ EH FDXVHG E\ H[SHULPHQWDO
HUURUZKLOH WKH 51$LUHVXOWRI Mg-flp-1JHQHZDV
FUHGLEOH Flp-1LVRQHRIWKHIHZ flpJHQHVWKDWDUH
FRPPRQLQQHPDWRGHV7KHODFNRIflp-1UHVXOWVLQ
PDQ\ EHKDYLRUDO GHIHFWV RI C. elegansVXFK DV UH
GXFLQJ WKH ROIDFWRU\ VHQVLWLYLW\ K\SHUVPRODULW\
VHQVLWLYLW\ YLWDOLW\ VHQVLWLYLW\ WR KRVW SODQWV DQG
RYLSRVLWLRQ RI QHPDWRGHV >@ ,Q WKLV VWXG\ WKH
VLOHQFLQJRIMg-flp-1JHQHPD\DIIHFWWKHPRELOLW\
DQG UHSURGXFWLRQ RI M. graminicola WKXV LQFUHDV
LQJ LWV SRWHQWLDO DV D GUXJ WDUJHW $IWHU VLOHQFLQJ
Mg-flp-1DQGMg-flp-18JHQHVWKHH[SUHVVLRQOHYHO
RIRWKHUflpsJHQHVLQ)05)DPLGHUHODWHGSHSWLGHV
IDPLO\ ZLOO EH WKH UHVHDUFK GLUHFWLRQ LQ WKH IXWXUH
1DWKet al>@UHSRUWHGWKDW1/3)/3DQG
)/3 ZRUNHG WRJHWKHU WR FRQWURO VWUHVVLQGXFHG
VOHHS RI C. elegans :KHQ WKHVH SHSWLGHV ZHUH UH
PRYHGE\]HURPXWDWLRQDORQHWKH\KDGOLWWOHHIIHFW
RQWKHVOHHSRIQHPDWRGHV7KHUHIRUHWKHVLOHQFLQJ
H[SHULPHQW RI Mg-flp-13 JHQH KDV QRW EHHQ FRQ
GXFWHG LQ WKLV VWXG\ 7KH HIIHFWV RI 51$L RQ WKH
DFWLYLW\ IHFXQGLW\ DQG LQIHFWLYLW\ RI QHPDWRGHV
QHHG WR EH IXUWKHU VWXGLHG ,Q DGGLWLRQ WKH XVH RI
51$LWHFKQRORJ\IRUPXOWLJHQHVLOHQFLQJLVDOVRD
VWUDWHJ\IRUJHQHIXQFWLRQUHVHDUFK
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,QWKLVVWXG\M. graminicolaZDVXVHGDVWKH
REMHFW DQG WKH VLPSOH FROOHFWHG IURP WKH ILHOG LQ
+DLQDQLVODQGZHUHLGHQWLILHG)RXUflpJHQHVRIM.
graminicola ZHUH FORQHG DQG WKHLU IXQFWLRQV ZHUH
DQDO\]HG E\ LQ VLWX K\EULGL]DWLRQ PDSSLQJ DQG
51$LWHFKQRORJ\7KHSRSXODWLRQ06<ZDVLGHQ
WLILHGDVM. graminicolaE\PRUSKRORJLFDOREVHUYD
WLRQ PROHFXODU ELRORJLFDO WHFKQRORJ\ DQG KRPROR
J\ DQDO\VLV IRXU flp JHQHV RI M. graminicola LQ
FOXGLQJ Mg-flp-1 *HQ%DQN DFFHVVLRQ QXPEHU
0.  Mg-flp-13 *HQ%DQN DFFHVVLRQ QXP
EHU 0.  Mg-flp-14 DQG Mg-flp-18 IUDJ
PHQWVZHUHFORQHGE\573&5DQGWKHLUIUDJPHQW
VL]HVZHUHESESESESUHVSHF
WLYHO\ 7KH IXOO OHQJWK RI Mg-flp-14 JHQH  ES
*HQ%DQN DFFHVVLRQ QXPEHU 0.  DQG WKH
Mg-flp-18 JHQH VƍHQGVHTXHQFHES *HQ%DQN
DFFHVVLRQ QXPEHU 0.  ZHUH DPSOLILHG E\
5$&( WHFKQRORJ\ 0DSSLQJ DQDO\VLV RI Mg-flp-1
Mg-flp-13 Mg-flp-14 DQG Mg-flp-18 JHQHV RI M.
graminicola ZDVFDUULHGRXWE\LQVLWXK\EULGL]DWLRQ
51$L WHFKQRORJ\ ZDV XVHG WR GHWHFW WKH VLOHQFLQJ
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HIIHFW RI Mg-flp-1 Mg-flp-13 Mg-flp-14 DQG
Mg-flp-18 JHQHVFlpJHQHKDVWKHSRWHQWLDOWRFRQ
WUROEURDGVSHFWUXPQHPDWRGHVWRPDQDJHURRWNQRW
QHPDWRGHGLVHDVHLQULFHILHOGSODQWLQJV\VWHP


5()(5(1&(6

>@ &RULDQR ,5 DQG 5HYHUVDW *   0DQ
DJHPHQWRI0HORLGRJ\QHJUDPLQLFRODDQG\LHOG
RI XSODQG ULFH LQ 6RXWK/X]RQ 3KLOLSSLQHV
1HPDWRORJ\
>@ 'XWWD 7XVKDU . 3UDNDVK % DQG 8PD 5
  7KH VWDWXV RI 51$LEDVHG WUDQVJHQLF
UHVHDUFKLQSODQWQHPDWRORJ\ )URQWLHUVLQ0L
FURELRORJ\
>@ 3RNKDUHO5*HRUJH$EDZL1LQJ=KDQJ-RKQ
'X[EXU\ DQG &KULVWLQH 6PDUW   &KDU
DFWHUL]DWLRQ RI ,VRODWHV RI 0HORLGRJ\QH IURP
5LFH:KHDW 3URGXFWLRQ )LHOGV LQ 1HSDO -RXU
QDORI1HPDWRORJ\
>@ 6LQJK ,+DUL 6* %ULDU6. 6KDUPD 6.
DQG 6DNKXMD 3.   5ROH RI ZKHDW LQ
VXVWDLQLQJ 0HORLGRLJ\QH JUDPLQLFROD LQ
ULFHZKHDW FURSSLQJ V\VWHP ,QWHUQDWLRQDO
-RXUQDORI1HPDWRORJ\
>@ 3DQNDM 6+. 3UDVDG -6   7KH 5LFH
5RRW.QRW 1HPDWRGH 0HORLGRJ\QH JUDPLQL
FROD $Q (PHUJLQJ ,QGLDQ -RXUQDO RI 1HPD
WRORJ\  
>@ /LX *. :DQJ < ;LDR 6 =KDQJ 66
  3DWKRJHQ ,GHQWLILFDWLRQ DQG ,QIHFWLRQ
6RXUFHV RI 5LFH 5RRW.QRW 'LVHDVH &KLQHVH
-RXUQDORI5LFH6FLHQFH  
>@ 7LDQ=/%DUVDORWH(0/L;/&DL5+
DQG =KHQJ -:   )LUVW 5HSRUW RI
5RRWNQRW 1HPDWRGH Meloidogyne graminicolaRQ5LFHLQ=KHMLDQJ(DVWHUQ&KLQD3ODQW
'LVHDVH  
>@ 6RQJ =4 =KDQJ '< /LX < DQG &KHQJ
);   )LUVW 5HSRUW RI 0HORLGRJ\QH
JUDPLQLFROD RQ 5LFH 2U\]D VDWLYD  LQ +XQDQ
3URYLQFH&KLQD3ODQW'LVHDVH  
>@ :DQJ*);LDR/</XR+*3HQJ'/
DQG ;LDR <1   )LUVW 5HSRUW RI
0HORLGRJ\QH JUDPLQLFROD RQ 5LFH LQ +XEHL
3URYLQFH RI &KLQD 3ODQW 'LVHDVH   

>@;LH-/;X;<DQJ);XH43HQJ</
DQG-L+/  )LUVW5HSRUWRI5RRW.QRW
1HPDWRGH0HORLGRJ\QHJUDPLQLFRODRQ5LFH
LQ 6LFKXDQ 3URYLQFH 6RXWKZHVW &KLQD 3ODQW
'LVHDVH  
>@/LX<'LQJ=3HQJ'//LX60.RQJ
/$3HQJ+;LDQJ&/L=&DQG+XDQJ
:.   (YDOXDWLRQ RI WKH ELRFRQWURO SR
WHQWLDO RI $VSHUJLOOXV ZHOZLWVFKLDH DJDLQVW WKH
URRWNQRW QHPDWRGH 0HORLGRJ\QH JUDPLQLFROD
LQULFH Oryza sativa/ -RXUQDORI,QWHJUDWLYH
$JULFXOWXUH
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>@3H\PHQ . :DWWH\QH - )URRQLQFN[ /
6FKRRIV / DQG %HHWV ,   7KH )05
)DPLGH/LNH 3HSWLGH )DPLO\ LQ 1HPDWRGHV
)URQW(QGRFULQRO /DXVDQQH 
>@/LQ%5=KXR.DQG/LDR-/  ([
SHULPHQWDO FRXUVH RQ PROHFXODU ELRORJ\ RI
SODQW QHPDWRGHV &KLQD $JULFXOWXUDO 6FLHQFH
DQG7HFKQRORJ\3UHVV%HLMLQJ
>@.XPDUL & 'XWWD 7. &KDXGKDU\ 6
%DQDNDU 33DSROX 3. DQG 5DR8  
0ROHFXODUFKDUDFWHUL]DWLRQRI)05)DPLGHOLNH
SHSWLGHV LQ 0HORLGRJ\QH JUDPLQLFROD DQG
DQDO\VLV RI WKHLU NQRFNGRZQ HIIHFW RQ QHPD
WRGHLQIHFWLYLW\*HQH
>@/LYDN . - DQG 6FKPLWWJHQ 7'  
$QDO\VLV RI 5HODWLYH *HQH ([SUHVVLRQ 'DWD
8VLQJ 5HDO7LPH 4XDQWLWDWLYH 3&5 DQG WKH  
ɝĿĿ&70HWKRG0HWKRGV
>@7LDQ=/0DULD0%DUVDORWH(0&DVWLOOR
3 DQG =KHQJ -:   0RUSKRORJLFDO
DQG PROHFXODU FKDUDFWHUL]DWLRQ RI WKH ULFH
URRWNQRWQHPDWRGH0HORLGRJ\QHJUDPLQLFROD
*ROGHQ DQG %LUFKIHLOG  RFFXUULQJ LQ
=KHMLDQJ &KLQD -RXUQDO RI ,QWHJUDWLYH $JUL
FXOWXUH  
>@6DODOLD 5 :DOLD 5. 6RPYDQVKL 96
.XPDU3DQG.XPDU$  0RUSKRORJ
LFDO 0RUSKRPHWULF DQG 0ROHFXODU &KDUDFWHU
L]DWLRQRI,QWUDVSHFLILF9DULDWLRQVZLWKLQ,QGLDQ
3RSXODWLRQV RI 0HORLGRJ\QH JUDPLQLFROD
-RXUQDORI1HPDWRORJ\
>@3RNKDUHO 55 $EDZL * 6 'X[EXU\ -0
6PDW &' :DQJ ; DQG %ULWR -$  
9DULDELOLW\DQGWKHUHFRJQLWLRQRIWZRUDFHVLQ
0HORLGRJ\QH JUDPLQLFROD $XVWUDODVLDQ 3ODQW
3DWKRORJ\
>@/LOOH\ &- 'DYLHV /- DQG 8UZLQ 3(
  51$ LQWHUIHUHQFH LQ SODQW SDUDVLWLF
QHPDWRGHV D VXPPDU\ RI WKH FXUUHQW VWDWXV
3DUDVLWRORJ\
>@1HOVRQ /65RVRII 0/DQG /L &  
'LVUXSWLRQRIDQHXURSHSWLGHJHQHIOSFDXV
HVPXOWLSOHEHKDYLRUDOGHIHFWVLQCaenorhabditis elegans6FLHQFH  
>@1DWK 5' (6 &KRZ + :DQJ (0
6FKZDU] DQG 3: 6WHUQEHUJ   & HOH
JDQV 6WUHVV,QGXFHG 6OHHS (PHUJHV IURP WKH
&ROOHFWLYH $FWLRQ RI 0XOWLSOH 1HXURSHSWLGHV
&XUU%LRO   














E\363 

9ROXPH±1RSDJHV





5HFHLYHG  
$FFHSWHG



&255(6321',1*$87+25

0LDQFDL&KHQ 
.H\/DERUDWRU\RI3ODQW'LVHDVHDQG 
3HVW&RQWURORI+DLQDQ3URYLQFH 
,QVWLWXWHRI3ODQW3URWHFWLRQ 
+DLQDQ$FDGHP\RI$JULFXOWXUDO6FLHQFHV 
+DLNRX±&KLQD 

HPDLO  ]KLVKL\LFKDQJNRQJ#SURWRQPDLOFRP



                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

© by PSP

Volume 30– No. 04/2021 pages 3245-3251

Fresenius Environmental Bulletin

RESEARCH ON QUALITY MANAGEMENT OF ECONOMIC
SYSTEM BASED ON ECOLOGICAL PERSPECTIVE
Shi An, Yihuan He*
School of Economics and Management, Harbin Institute of Technology, Harbin, 150001, P.R. China

mand of economic society for natural resources; the
other is the problem of environmental capacity, that
is, the emissions of waste in economic society exceed the self-purification and regulation capacity of
ecological environment [2]. In order to solve the
contradiction, social development must achieve the
following two coordination: (1) coordination between economic system and utilization of natural
environment resources. It is necessary to understand that natural environmental resources and their
regeneration capacity is not unlimited and inexhaustible, natural resources are relatively scarce, the
bearing capacity of environment must be considered while using natural resources. In the process of
using natural resources, we can adopt advanced
science and technology, improve production technology, strengthen enterprise management, make
full use of natural resources, reduce the loss and
waste of natural resources, give full play to the
initiative of society, so that the ecological environment and economic society can achieve common
development and coordinated development. (2)
coordination between economic development and
natural resources. We should understand the unity
of social economic development and natural ecological environment, protect natural ecological
environment while developing economy, and provide good conditions for better social economic
development. Furthermore, the development of
economic society provides better conditions for the
protection of the natural ecological environment. At
the same time of economic development, we should
pay attention to the environment and natural resources, and realize the coordination and internal
unity of natural resources and social environment
[3]. In the process of social and economic development, regardless of environmental pollution,
wanton intake of natural resources not only causes
waste to natural resources, but also harms natural
resources, resulting in a sharp drop in environmental resources. Therefore, it is essential to eliminate
the unreasonable use of resources, limit the environmental damage to the minimum, and strictly
control the loss to the natural environment. Modern
enterprise management needs to develop and utilize
natural resources innovatively while developing
economy, so as to realize the sustainable development, green and healthy development of enterprises.

ABSTRACT
In the current society with rapid economic development, people have higher pursuit for the quality
of life, but the ecological problems that come with
it are becoming more and more serious. It is the
urgent affair to promote economic development and
take the road of ecological sustainable development.
Ecological quality management is based on the
ecological social economic system mode of "naturesociety-economy", focusing on the generation,
formation and realization process mechanism of
system quality, which not only meets the needs of
consumers, but also meets the requirements of sustainable development of ecological environment.
This paper expounds the background and basic
ideas of the concept of ecological quality management theory, and analyzes the impact of ecological
social economy on enterprise quality management
with examples, which provides certain reference
value for sustainable development of enterprises.
KEYWORDS:
Ecology, Ecological social economy, Economic system,
Quality management

INTRODUCTION
There are three relationships between the ecosystem and the economic system: the harmonious
state of mutual promotion and common development of the ecosystem and the economic system,
that is sustainable development; the contradiction
between the ecosystem and the economic system
that finally forms a vicious circle state; the state of
long-term opposition between the ecosystem and
the economic system and the destruction of the
ecological and economic balance [1]. Obviously,
the latter two states are not desirable in the process
of social development. Sustainable development is
the embodiment of the harmonious state of ecosystem and economic system, which means that it can
meet the social needs of both contemporary and
future generations. There are two main contradictions between ecology and economy: one is the lack
of resources, and the supply of resources in the
ecological environment cannot meet the huge de-
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In the development of social economy, human
social activities are always accompanied by the
activities of natural environment. Economic activities depend on the ecological environment, which in
turn affects economic activities. Each economic
activity will affect the ecological environment,
while the loss of ecological environment is accompanied by the reduction of economic activities [4-5].
The consumption of natural material and economic
material will take other forms. Therefore, the more
material our social activities consume, the more
economic activities we consume, and the weaker
our ability to adapt to the environment in the future.
It is a serious ecological problem that consumes a
lot of natural resources. Among them, economic
activities are the biggest place to consume natural
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resources and environment, and also the largest
factor affecting the ecosystem [6].
Quality management theory is to study the
methods of product planning, implementation,
guarantee and improvement in the whole process of
product production, formation and realization, taking "customer satisfaction" as the criterion to measure quality. Therefore, quality management is essentially a market-oriented quality management of
commodity economy [7-8].
Industrial production with commodity economy as the main body can be summarized into the
following two operating modes: traditional mode,
as shown in Figure 1; end processing mode, as
shown in Figure 2. Generally speaking, their common characteristics are the one-way linear process.

FIGURE 1
Traditional Mode of Industrial Production

FIGURE 2
End Processing Mode
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FIGURE 3
Ideal Ecological Industry Mode
of realizing value increment by exporting products,
continuously obtaining energy and raw materials
from the environment, and continuously accumulating waste [9]
In the above industrial production mode of
product economy, total quality inspection is a theoretical system of quality management that extends
the theoretical scope of quality research to the
whole product life cycle [10]. However, this traditional production mode, guided by market demand
and aimed at realizing product value, regards natural resources as inexhaustible resources, ignores the
basic principle of ecological environment, and fails
to consider the environment's bearing capacity and
assimilative capacity for the waste generated by
economic operation. As a result, the long-term
operation of this production mode causes increasingly serious ecological and environmental problems [11]. Therefore, the basic reason for the destruction and pollution of the ecological environment lies in the extensive industrial production and
operation mode under the market economy system.
This concept is generally recognized by people, so
there is a trend of restructuring and transforming
the operation mode of economic development from
the industrial production mode of product economy
to the ecological circular economy mode in a large
range of society.
In this context, the concept of ecological quality management is put forward. It is in the theoretical framework of economic and social sustainable
development, to study the quality management
theory and method that simultaneously meet the
needs of consumers and the requirements of sustainable development of ecological environment
[12]. This quality concept is called "ecological
quality"; this quality management theory and method is called "ecological quality management"; the
quality management system formed under the guidance of this quality management idea is called "ecological quality management system" [13]. Ecological quality management is based on the ideal ecological industry mode, and studies the quality management theory and method of ecological green
economy (Figure 3).
Ecological green economy is an economic system reconstructed on the basis of natural ecosystem

following the law of material reuse and energy
transfer. The ideal ecological industry mode should
integrate the recycling process of natural materials
and energy into the production process, so as to
realize pollution-free production, regional reuse and
efficient waste recycling.
MATERIALS AND METHODS
Literature reference method: through a large
number of literature readings, comparative analysis
of relevant projects and theoretical developments at
home and abroad, forming a theoretical basis.
Field survey method: on the basis of relevant
theories, conduct field surveys, collect data, and
form reference materials for evaluating relevant
data.
RESULTS AND DISCUSSION
Basic Ideas of Ecological Quality Management Theory. According to the theory of ecological quality management, quality is a systematic
process within a complex natural environment and
social economic system like "nature-societyeconomy" [14].
This paper uses energy analysis of ecological
social economic system to analyze the difference
and connection between quality process mode in
product economic system and quality process mode
in ecological environment and social economic
system. Figure 4 shows a summary of the quality
process mode of the product economic system, in
which only producers and consumers interact with
each other through the communication link (market)
to realize the system's identification of consumer's
demand outside the system boundary, and the service flow and output products can meet the needs of
consumers, while consumers will evaluate the quality through the currency flow, that is, the decision
on the transaction price and system related to the
quality in the communication link [15]. Each link of
this process directly discharges waste to the environment.
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FIGURE 4
Quality Process Mode of Product Economy

FIGURE 5
Quality Process Mode of Ecological Social Economy
In the natural ecosystem, the three organic
subsystems of "producer", "consumer" and "decomposer" should be included in the macro system,
and each is indispensable. The interaction of the
three can be expressed by a complete system cycle,
that is, producers meet the needs of consumers, and
the "waste" produced by producers and consumers
can be decomposed into nutrients that can be used
by producers through environmental selfpurification capacity, thus forming an effective
circulation system. Only the effective operation of
the circulation system can form a healthy ecosystem [16].
In a mature ecological social economic system,
the quality process mode has a complete ecological
function of interaction among producers, consumers
and decomposers, as shown in Figure 5.
In the ecological social economic system, producers refer to the combination of various product
elements to produce products needed by the society
[17]. Consumers refer to users who use products
produced by producers. Producers and consumers
will produce different pollutants and wastes in the
production and consumption processes respectively.

Decomposers refer to the disposal of wastes and
pollutants produced by producers and consumers. A
dynamic and healthy ecological social economic
system should comprehensively coordinate the
above three functions, so that the material and energy circulation can be smoothly and completely
carried out, and the harm of the system to the environment can be minimized [18]. Therefore, while
studying consumers' satisfaction with the products,
ecological quality management should also pay
attention to consumers' satisfaction with the environmental protection and recycling of products in
the natural environment and social economic system. In the concept of ecological quality management, the "requirements" of consumers are not
limited to "the satisfaction of customers with products or services", but extended to "the satisfaction
of life".
In the design of such a healthy ecological social economic system, we should follow the principle of maximum efficiency: to obtain a large number of low-energy materials from the environment,
so as to compete with other systems and achieve
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FIGURE 6
Energy Process of System
harmonious and permanent development; at the
same time, we should give back the high-energy
materials stored in the system, thus strengthening
the external conditions of the system and achieving
harmony and mutual benefit between the system
and the outside world, so as to ensure that the system can continuously obtain more energy from
nature, and output maximum efficiency. In such an
ecosystem, the low-energy part has huge quantities
and is at the low level, while the high-energy part is
at the high level but the number is small, showing
the energy level structure of the hierarchy system
[19]. In any energy conversion process of the system, a large number of low energy is converted into
a small amount of high energy, and the dissipated
energy that cannot be reused by the system is discharged to the environment. On the contrary, a
small number of high energy values can be efficiently converted into a large amount of low energy
values. Theoretically, the energy conversion of
different energy values in the system should follow
the second law of thermodynamics. Therefore, any
system process can be summarized as the energy
process of the system shown in Figure 6 [20].
In fact, any process in the ecological social
economic system is the interaction process of various energy quality and energy. When the discharged dissipated energy which cannot be effectively utilized by the system is zero, the energy
interaction in the system reaches the theoretical
maximum power. Ecological quality management,
in short, is to study the function and characteristics
of quality in the system by the method of system
evolution.

transformation object. It studied the product supply
chain of the center, analyzed the impact of the
product cycle on the environment, and studied the
environmental resource cost of the product life
cycle. It was found that there was too much waste
on the product packaging, and the cost could be
obviously saved by transforming the packaging,
which also greatly reduced the intake of natural
resources and the pollution to the environment.
Finally, Xerox enterprises worked out a relatively
perfect design scheme through a comprehensive
analysis of the product supply chain, which can
reduce the cost of packaging by 1 million USD per
year.
In addition, Xerox found that there are still
some other problems in the production process: (1)
As it is not easy to recycle, more than 20 kinds of
packing boxes have become wastes, which not only
pollute the environment, but also increase the burden on consumers. (2) In the process of packaging,
a large number of packaging operations are unnecessary and have no value-added effect on the product, so it is necessary to delete and simplify the
packaging.
Based on the above problems, Xerox obtained
the environmental cost analysis data of all possible
shipping routes of products through various channels, analyzed and summarized them, evaluated the
life cycle cost of products, analyzed the impact on
the natural environment from the whole process of
raw material collection of packaging boxes, processing, product circulation, waste recycling, and
transferred the impact into data, and finally formulated two standardized recyclable packaging boxes.
As shown in Figure 7, the main expenses for the
product packaging of the enterprise are as follows:
the raw material cost and labor cost account for the
highest proportion, accounting for 45% and 29% of
the total cost of the packaging business respectively,
while the proportion of recycling expenses is relatively small, only 3%. After the product packaging
transformation, the recycling cost increased by
about 10%, but the raw material cost, labor cost and
waste cost all decreased (as shown in Figure 8).
These two kinds of packing boxes can save the
company more than one million US dollars per year.

Case Analysis: Analysis of Xerox's Packaging Ecological Design. Xerox has an annual turnover of about 3 billion pounds, and its core business
is photocopiers, which are sold by leasing. This
enterprise promotes the enterprise culture of "leading by quality" and sets up a special team to improve the production quality, and fully implements
the application of total quality management method
to environmental management.
Adhering to the concept of quality first, the
quality improvement team in Xerox took the lead
and considered the product supply center as the
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FIGURE 8
Product Packaging Expenses Before and After Xerox's Transformation
In addition to direct capital saving, it also has great
impact in other aspects, such as the simple operation of standardized packing boxes, which can reduce the burden on workers and product managers,
establish the company's green environmental image,
and increase customers' trust and satisfaction with
products, all of which are conducive to the company's competitive advantage.

evaluate the ecological environment costs of products, analyzing in detail the costs and benefits of
products in the whole production cycle, the environmental costs of enterprises, the costs of waste
recycling and utilization, the degree of environmental load, reducing redundant ecological costs, improving the value of the product life cycle, and
making reasonable improvements to the products of
enterprises are the essential ways and objectives to
achieve win-win results in the ecological efficiency
and economic efficiency of enterprises.
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technology, also known as 3D printing, is a manufacturing technology based on digital model files initially reported by Marcus et al. [1] in 1980s. It stacks
layer by layer according to extrusion, sintering, melting, light-curing, spraying and other methods to produce physical goods by software and numerical control system. Different from the traditional "up-down"
manufacturing method for material cutting, additive
technology is a "bottom-up" manufacturing process.
Compared with traditional molding technology, additive manufacturing technology emerges two advantages, one is to simulate the design and manufacturing by calculation, which can theoretically manufacture complex parts of any shape according to the
demand, the other is to adopt the "bottom-up" manufacturing method with fast speed and short production cycle. This not only breaks through the technical
bottleneck of the traditional process, but also provides a brand new possibility for the complex molding process of ceramic materials.
After the ceramic additive manufacturing technology was put forward, due to the limitation of materials and technology, it was not be highly valued by
researchers until the 1990s, so the main research results were centred upon the past 30 years. The research of ceramic additive manufacturing technology mainly focuses on technology and material. Different molding methods lead to different demands
for materials, and therefore, with the development of
technology, ceramic additive materials have been
widely studied. This paper will review the development of ceramic additive manufacturing technology
in recent 30 years from the aspects of technology and
materials, and analyze the existing problems and future development trend.
Ceramic additive manufacturing technology
can be divided into three categories according to raw
materials: 1) Rapid prototyping technology based on
slurry, 2) Rapid prototyping technology based on
powder, 3) Rapid prototyping technology based on
solid. Therefore, the development of the three categories is reviewed.

ABSTRACT
Ceramic material is equipped with obvious
physical characteristic of high strength, high hardness, excellent insulation as well as chemical characteristics such as strong chemical stability and high
temperature resistance. However, due to the physicochemical characteristics of ceramic materials,
there are many problems in the processing and molding. Ceramic additive technology enables to successfully settle bottleneck of ceramic materials in the
preparation of high-strength, complex components
through the "bottom-up" manufacturing process. After over 30 years study, the ceramic additive technology has made great progress, and the technical research mainly focuses on technology and materials,
and therefore, this paper classified ceramic additive
technology according to the categories of raw materials, summarized the development of each technology, reviewed the design and development of 3D
printing materials, and proposed the main problems
and future development direction.

KEYWORDS:
Ceramic material, Additive technology, 3D printing

INTRODUCTION
Ceramic material is equipped with obvious
physical characteristic of high strength, high hardness, and excellent insulation as well as chemical
characteristics such as strong chemical stability and
high temperature resistance, and therefore is widely
applied in various industries. However, due to the
physicochemical characteristics of ceramic materials,
there are many difficulties in the processing and
molding. The traditional ceramic manufacture
mainly adopts the methods of slip casting and hot
pressing molding, which are complex, long-term and
high-cost. It is obvious that the limitation of manufacturing technology restricts the application and development of high-tech ceramics. Ceramic additive
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for repair, for example, Xu, Fangfang et al. [2] used
DLP technology to synthesize bioactive glass ceramics as scaffolds containing endothelial progenitor
cells (EPC) and mesenchymal stem cells (BMSC),
which realized the effective repairing the mandible
defects of rabbits. Schmidleithner [3] made bone regeneration scaffold by DLP technology. The results
showed that the biocompatibility and osteoinduction
of ȕ-TCP were preserved after DLP treatment.

MATERIALS AND METHODS
This article obtains first-hand information
through literature research and field research, and
analyzes and summarizes data through statistical
software.

RESULTS AND DISCUSSION

Direct Ink Writing (DIW) Technology. DIW
technology is a new type of micro machining technology, which is no need for template in the processing process and can achieve material processing
in the range of submicron to centimeter. Because of
the absence of templates, DIW technology can fulfill
the complex construction of metals, ceramics, polymers and hydrogels, and because of the properties of
high solid load and viscous plastic, the use of semi
liquid slurry allows the shape to be maintained.
Therefore, DIW technology can manufacture independent structures with high aspect ratio or crossing
components. Ching et al. [4] built a micro-channel
on the circuit board through DIW technology, which
can integrate the microfluidic equipment with the
functional components required by the chip laboratory application to create functional electronic detection equipment. Xu [5] applied the DIW technology
to the construction of metal complex model and obtained the composite steel

Rapid Prototyping Technology Based on
Slurry. Rapid prototyping technology based on the
slurry mainly contains the raw material liquid or suspension system with fine ceramic particles dispersed.
Generally, ink or colloidal slurry are included too.
Due to the flow dynamics of raw materials, molding
can be achieved by photopolymerization or inkjet
printing. This section mainly introduces the manufacturing technology of ceramic additive based on
photopolymerization.
Digital Light Processing (DLP) Technology.
DLP technology is a stereo lithography technology
based on mask, which transfers the whole image to
the surface of photopolymerizable liquid only
through the exposure light source of patterned mask,
and Figure 1 is a simple diagram of DLP technology.
DLP technology can realize the rapid and high-precision molding of complex and porous bioceramics,
so it has been developed and applied in human tissue

FIGURE 1
Diagram of DLP Technology
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FIGURE 2
Diagram of SLS Technology
structure where conductivity increased by 400%
through the hybrid construction of ceramic materials
and metal. Therefore, the application of DIW technology can also be extended to the design and manufacturing of complex components in various fields.

that they are always surrounded by loose powder in
the bed. Figure 2 is a brief diagram of the SLS technology. The process of SLS and SLM are the same.
Becker [8] studied the manufacturing of stainless
steel filter with gradient porosity (FGM) by respectively using SLS and SLM technology. Due to the
high requirements of filter on porosity and transmittance, the selection of parameters in the study exerted a great effect on the finished product, and the
results showed that complex pore structure can be
molded by SLS and SLM technology. Balemans [9]
further improved the SLS technology through the
combination of 2D and 3D simulation, in which 2-D
simulation optimized the distribution of layered
powder, SLS technology helped to obtain complete
3D parts. The result showed that this can effectively
reduce the existence of residual stress in the components and beneficial to improving the stability of
parts.

Rapid Prototyping Technology Based on
Powder. Selective Laser Melting (SLM) Technology. The application of SLM technology in ceramic
powder consists of the complete melting of powder
layer by layer through high energy density laser
scanning to form solid parts, so theoretically, there is
no need for SLM technology prepare additional
binder and penetrant. SLM technology is one of 3D
printing technologies that growing fastest, especially
metal molding. This attributes to its success in manufacturing solid and durable metal parts in one step,
which can simultaneously obtain the final shape and
performance of the parts. Cosmo [6] adopted SLM
technology to 316L stainless steel, proving that SLM
technology has great potential for manufacturing
316L medical products with higher mechanical
strength.

Rapid Prototyping Technology Based on
Solid. Laminated Object Manufacturing (LOM)
Technology. LOM is originally applied to produce
paper, plastic and metal parts. The realization of
LOM technology process mainly relies on computer
control and laser cutting. First, 2D plane materials
are obtained by CAD model, and then they are
stacked layer by layer, and complete 3D parts are
molded after hot pressing or mechanical compression. Figure 3 is the diagram of LOM technology.
Griffin and his colleagues first demonstrated the application of this technology in ceramic manufacturing in 1994. Paper and other original materials were
replaced by ceramic chips. When laminating each
layer, the redundant materials around the parts which
was being manufactured removed layer by

Selective Laser Sintering (SLS) Technology.
SLS technology was invented by Deckard and
Beaman at the University of Texas at Austin [7]. During SLS, high power laser beam is used to irradiate
the surface of powder bed selectively, and then the
powder is heated and sintered (i.e. inter particle fusion) to complete overall connection. After that, the
new powder layer is spread over the previous surface
for the next heating and connection, and the above
process is repeated layer by layer until the designed
3D part is manufactured. In the process of SLS, it is
unnecessary to intentionally prepare additional support structures for the overhang areas for the reason

3254

© by PSP

Volume 30– No. 04/2021 pages 3252-3258

Fresenius Environmental Bulletin

FIGURE 3
Diagram of LOM Technology
layer, and then the adhesive was further removed and
sintered under high temperature, so as to the highdensity ceramic parts can be obtained. Lee et al. [10]
designed a new manufacturing process of free-form
surface concrete section through LOM technology,
figuring out that LOM technology can shorten the
construction time and reduce the cost of constructing
the new technology, and the feasibility of the production process was verified through model test. Daehie
et al. [11] further expanded the research on LOM
technology and developed oblique cutting technology, realizing the limitations of LOM in the application of thick layer materials. This study verified the
feasibility of the technology by building a free-form
workbench and comparing its construction time with
the surface quality of the manufactured free-form
workbench.

moved to obtain molded ceramic parts or retain plastic materials to form composite ceramic parts. Figure
4 is diagram of FDM technology. Muta et al. [13]
applied FDM technology to the production of dental
material model, and the results indicated that the
adoption of FDM technology was conducive to obtain high-precision polyvinyl alcohol (PVA) dental
model. Liu et al. [14] developed a viscoelastic multiphase solver with dynamic mesh generation function based on OpenFOAM, which can effectively
predict the quality of parts under different materials
by FDM technology.
Development of Ceramic Additive Manufacturing Materials. The materials of ceramic additive
manufacturing technology are different from the traditional ceramic materials. Because the rapid prototyping is necessary in combining the production process, the traditional materials of high temperature
calcination molding are seldom used in 3D printing
technology. Table 1 summarizes the process fields
from different raw materials. After summarizing different types of raw materials, it can be seen that high
temperature calcination is absent from the main
molding methods, so the materials used in 3D printing are different from the ceramic materials in traditional processes as well. Precursor ceramic material
was an organic raw material put forward in 1970s. It
can be transformed into ceramic material more
quickly or easily by chemical or physical methods,
and it has been widely studied for the reason that its
characteristics can be directly combined with 3D
printing technology. The precursor ceramic materials
mainly contain polycar

Fused Deposition Molding (FDM) Technology. FDM technology, also known as fused deposition of ceramics (FDC), is one of the most popular
3D printing technologies [12]. In the process of
FDM, the raw material is mainly transformed into
flexible raw material for further processing by adopting the means of over high temperature melting,
however, the ceramic material are not flexible.
Therefore, FDM is not suitable for the processing of
ceramic material at the early stage of application. In
recent years, due to the appearance of micro particles,
composite filaments can be obtained by making ceramics into micro particles and combining with thermoplastic materials, and then processed by FDM
Technology. Finally, the plastic materials can be re-
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FIGURE 4
Diagram of FDM Technology
TABLE 1
Molding Characteristic of Raw Materials
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Application
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Structural ceramics
Functional ceramics

tained composite ceramic materials with high conductivity and thermal conductivity by combining
PCS materials with graphene. Therefore, applying
PCS materials to conductive ceramics is of good potential.

Polycarbosilane Materials. Polycarbosilane
precursor (PCS) excels at the preparation of ceramic
fibers, porous ceramics and ceramic composites. The
existence of continuous silicon carbide fiber leads to
the material parts equipped with the characteristic of
high strength, high stability, and therefore, it can be
used in the field of aerospace as well as high-performance mechanical parts. Abass et al. [15] found that
ceramic materials prepared by PCs may be provided
with good electrical properties due to the existence
of carbon elements. Han et al. [16] successfully ob-

Polysilazane Materials. The pyrolysis of polysilazane (PSZ) precursor can produce Si3N4 or SiC-N ceramics, and both of them are high-tech ceramics, so the study of polysilazane as a precursor ceramics is very profound. Different from Polycarbosilane, silazane is more likely to exist in the form of
trimer or tetrameric cyclosilazane. Therefore, most
of the synthesized polysilazanes contain trimer or te-
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trameric cyclosilazane. When summarizing the application of PSZ in ceramic additive technology, Ferrage et al. [17] mentioned that SLM and SLS were
the main application modes of PSZ materials, and
because of the good biocompatibility and structural
stability of PSZ materials, advantages of its application in biological and medical fields was incomparable. However, in the aspect of PSZ materials study,
it was still necessary to improve the preparation of
raw materials and reveal the physical phenomena in
the process of processing, so as to prevent the formation of cracks or control the porosity of components.

light curing molding is still insufficient, and the proportion of slurry is the key factor affecting the later
curing molding performance. Therefore, the composition of slurry should be studied in the subsequent
research. Secondly, the problems in the process.
When using raw materials, resin and other materials
are often used as one of the raw materials prepared
by ceramics. However, enormous organic components result in a long time of degreasing and sintering in the ceramic processing process, and these operations often lead to the deformation and cracking
of the parts. Therefore, it is of profound significance
to develop new photosensitive materials from the
raw materials. Finally, the problem of part performance. Due to the physical and chemical changes
such as gas overflow and volume shrinkage in the 3D
printing process, it is easy to result in product deformation and cracking in ceramic materials. The metal
doping proposed in this paper perhaps can effectively improve the characteristics of ceramic construction and settle the problems caused by physical
and chemical changes to a certain extent, but the
mechanism research is still not go far enough.

Polyborazine Materials. Polyborazine (PBN)
can be converted into boron nitride when heated. Because boron nitride is accompanied with low density,
strong oxidation resistance and high temperature resistance, it has very excellent application potential as
an interface material. In addition, boron nitride fiber
has attracted widespread attention as reinforcement
because of its high elastic modulus. Raghavandra et
al. [18] improved the heat resistance and dielectric
constant of molded ceramics by adding Pd element
to PBN. Chandramouli et al. [19] further improved
the dielectric constant of ceramics by adding Ce element to PBN, which provided the possibility for the
application of ceramic materials prepared by PBN
precursor in the field of capacitor.

CONCLUSIONS
The ceramic additive technology has made
great progress, and the technical research mainly focuses on technology and materials, and therefore,
this paper classified ceramic additive technology according to the categories of raw materials, summarized the development of each technology, reviewed
the design and development of 3D printing materials,
and proposed the main problems and future development direction.

Polysiloxane Materials. Polysiloxane (PSO),
an organic polymer with Si-O-Si structure, is formed
by hydrolysis and dehydration polycondensation of
hydroxychlorosilane. Because of its simple synthesis
technology and wide sources of raw materials, polysiloxane has been paid widespread attention in the
application of industrial products due to its low manufacturing cost. Therefore, it is also an important development direction of low-cost ceramic precursor.
Luan et al. [20] improved the strength and thermal
stability of ceramics by combining PSO with TiB2.
Therefore, organic combination can improve some
properties of ceramics, which also provides a new
way for the utilization of low-cost ceramics.
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RESEARCH ON ECOLOGICAL DESIGN OF TIANJIN PORT
LOGISTICS SERVICE QUALITY SYSTEM BASED ON QFD
Waner Zhang*
Fujian Agriculture and Forestry University, Fuzhou 350000, China

gistics service and the application of quality improvement tool QFD to provide direction and
measures for the ecological development of Tianjin
Port, which helps Tianjin Port better serve the “Belt
and Road” economy. The system development of
the marine ecological economy contributes.

ABSTRACT
Ecology not only means environmental protection, but also means high efficiency and high
quality. Port logistics and marine ecology are
closely related, not only need to conform to the
concept of ecological civilization, but also need to
combine the actual conditions of operation to promote the high-quality development of the port logistics industry. This paper introduces the theory of
improving the quality of Tianjin Port's logistics
service by using the questionnaire survey method.
The article uses the Analytic Hierarchy Process
(AHP) to calculate the importance of customer demand, analyzes the role of expert consultation in
improving the quality of port logistics services, and
discusses the improvement of logistics service
quality in Tianjin Port. Through quality analysis,
we identified six key measures for ecological design of port logistics service quality, and proposed
hardware and software recommendations to help
Tianjin Port and other ports to better design services and improve service levels.

MATERIALS AND METHODS
The current situation of logistics service
quality of Tianjin Port. Introduction of Tianjin
Port. Located in the entrance of Haihe River in Bohai gulf, Tianjin Port is in the intersection of the
Beijing-Tianjin city belt and Bohai economic circle.
It is the port nearest to North China and Northwest
region in ports around Bohai, the sea portal of Beijing and Tianjin, and the starting point of Eurasian
Continental Bridge in the east. It has business contacts with more than 400 ports in more than 180
countries and regions, and it is the greatest comparative advantage and core strategic resource in Tianjin.
Tianjin Port is the biggest manmade harbor of
China and one of the most important ports for foreign trade. At present, the port has a land-water
region area of nearly 260 square meters, and the
land area is 72 square meters. Currently, Tianjin
Port seaway can hold 30 ton ships, and the water is
as deep as -19.5 meters. The port has more than 140
berths of various types. Tianjin Port can be divided
into four big port districts, including Haihe River,
the north area, the south area and the east area.
Haihe River centers on small ships below 5,000ton;
the north area centers on break-bulk cargo and container; the south area centers on dry bulk and liquid
bulk; and the east area is a new port district. The
port has the biggest bonded port area with an area
of 10 square kilometers in China (Tianjin Port,
2010).
Tianjin Port has favorable geographical conditions, complete supporting facilities and strong radiating capacity. The port scale keeps expanding
and its level also improves continuously. Annual
handling capacity of the port is shown in Table 1.

KEYWORDS:
Tianjin port, Ecological design, QFD, Logistics service

INTRODUCTION
At present, China attaches great importance to
the development of the marine economy. Port service is an important part of the marine ecological
economy. It can even be said that the port is a barometer of the development of the national economy. Under the background of the slowdown in
global economic growth and the deepening of China's ecological civilization concept, China's port
cargo throughput has been affected by the growth
of restraint. As a major port in China, Tianjin Port
has been affected to a certain extent by the development of ecological civilization. In the global
economic development, profound changes have
taken place. How to improve the quality of port
services through the development of the marine
ecological economy has become an urgent problem
to be solved. Based on the concept of ecological
civilization, this paper combines the quality of lo-
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a shortage of value-added services in finance, accounting, logistics of sales return and assembly.
Moreover, the port charges higher than nearby ports.
Customs cannot have 7*24h work, thus bring inconvenience to clearing of cargo. In addition, work
of customs is not flexible and have difficulties to
make changes, thus it can make owners of cargo
suffer from a loss.
(2) A shortage of high-level logistics talents.
The overall development of logistics is not high in
China, which has restricted cultivation of logistics
talents, especially talents in the aspects of port logistics planning, logistics network setting and logistics decision-making, thus hindering Tianjin Port to
integrate into the development of one belt one road.
(3) Disordered management. Arrival time of
ships is uncoordinated, causing cargo arrive in the
same time but cannot be unloaded, and be easier to
form crowded when leaving port. Railway container of the port has weak transportation capability and
has a shortage of specialized railway reloading
equipment. Moreover, logistics information platform is short of interconnection, and information
platforms of logistics links like customs, commodity inspection, ship-owning companies, freight forwarding and transport company fail to be integrated
and interconnected and thus cannot provide rapid
and all-round information services to customers.
Depending on their strong strength, ship-owned
companies often cannot have timely response to
demands of cargo owner enterprises and be nice to
customers.
(4) Imperfect logistics information platform.
Construction of informatization platform needs a
large number of capitals of enterprise, which can
hinder enthusiasm of enterprise to certain degree.
Tianjin Port fails to play the unified and coordinated function and thus causes the whole port area
imperfect in construction of information network.
To construct an international logistic center,
Tianjin Port needs to face with competitions from
domestic and foreign ports. International competition comes from ports in the northeast since they
have favorable basis for port development, stand in
main lines of international shipping, and have
strong advantages. And domestic competition
mainly comes from regional ports. There are numerous ports in Bohai area, and Qingdao Port and
Dalian Port are powerful competitors of Tianjin
Port to become an international logistic center. Logistics service quality will become the key for success of Tianjin Port and it is an important strategic
measure of Tianjin Port in the current and future
development to be devoted to service quality improvement.

TABLE 1
2007-2017 Cargo throughput of Tianjin Port
Year

Handling capacity
(unit: 10,000ton)

2007

30,946

2008

35,593

2009

38,000

2010

41,325

2011

45,338

2012

47,697

2013

50,063

2014

54,002

2015

54,051

2016

55,000

2017

50,284

The current situation of logistics service
quality of Tianjin Port. Tianjin Port is devoted to
being a logistics center in North China, and to
serving to the free trade zone and “one belt and one
road” economy. Its logistics service quality is the
key to their status.
Three years after the founding of the nation,
Tianjin Port had restorative construction and
opened the port again in 1952. Through dozens of
years of construction, it has become the biggest port
in the north of China. Tianjin Port is equipped with
advanced equipment for harbors and ports, and it
can hold ships of different types. The port can handle various types of goods and have professional
wharfs for goods like coal, crude oil and coke.
Moreover, number of ship routes keeps increasing.
The internal and external collecting and distributing
network of the port extends in all directions to meet
demands of customers on rapid collection and distribution. Warehousing facilities have rich types,
including bonded warehouse, customs supervision,
open storage area, and automatic three-dimensional
warehouse. Tianjin Port can not only concern implementation of logistics service activities but also
enhance improvement of a series of logistics supporting services like industry and commerce, revenue, finance, insurance and customs, which are
reflections of high service quality of Tianjin Port.
However, in the development process, there
can be some problems which would affect logistics
service quality of Tianjin Port to obtain satisfactory
assessment. In the interview with cargo owner enterprises, the following problems caused the low
service quality level.
(1) Singular service and low quality. The
harbor district is short of international big enterprises and has a lot of small and medium-sized enterprises, and it cannot provide comprehensive logistic service to owners of cargo, and especially has
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prise and its competitors, the enterprise should consider restrictions like resource, cost and technology,
and set future quality targets, improve or maintain.

RESULTS AND DISCUSSION
Construction of house of quality for logistics service of Tianjin Port. Application of the
QFD theory was carried out through house of quality. House of quality is constituted by the left wall,
the right wall, ceiling, roof, room and basement,
and application procedures of QFD in logistics service quality of port also abide by the order.

Calculate increase rate

w

i

i

of quality

(1)

l

i

= planned quality / current quality evalua-

tion of customers

(2)

(3)
Tianjin Port belongs to the Bohai port group.
Bohai port group includes more than 60 ports of
different sizes, and big ports of 100 million tons
include Dalian Port, Tianjin Port, Qingdao Port,
Qinhuangdao Port and Rizhao Port, making up a
half of million tons of big ports in the nationwide.
In recent years, container business in Bohai area
has rapid development, presenting the tripartite
situation of Tianjin, Dalian and Qindao. The essay
selected Dalian Port and Qindao Port as competitors of Tianjin Port for competitiveness assessment.
Market competitiveness assessment of house
of quality. The essay scored Tianjin, Dalian Port
and Qindao Port by searching qualified respondents
through internet and collected 20 effective questionnaires. Calculate average value of the scores
with the formula, and the statistical results can be
seen in Table 2. When formulating tarjet value of
planned quality, by taking Dalian Port and Qindao
Port as comparison objects, target value of planned
quality of Tianjin Port is bigger than the highest
value obtained by market survey. When Tianjin
Port obtains the highest score, improve slightly on
the basis of the former value to continue to keep
ahead. When it has big differences with the other
two ports (if > 0.2), try to keep pace with the port
with highest score and strive to surpass, thus plan a
score which is equal to or slightly bigger than the
port with the highest score. If it has small differences with the highest score (if the difference
<=0.2), formulate a target value which has a big
difference with the highest score to prevent to be
surpassed by opponents in a short time.

(2) Transformation of demands to quality
measures. After obtaining the matrix of customers’
quality demands, an expert group is needed to
transform customer demands into technical
j

k

demands, as shown in the formula (3). Absolute
importance not only reflects customer demand but
also reflect demands of the company, thus it can
reflect more connotations.

of quality demands,

b

of the enterprise’s ser-

calculate the absolute importance

and experts will be invited to score by use of AHP
method to obtain importance degree.

measures and service methods

i

vice quality, as shown in the formula (2). At last,

(1) Collection and sorting of customers’
quality demands. Customers’ quality demands are
the left wall of house of quality, the most critical
component and the first step of input of house of
quality. Generally speaking, it is necessary to carry
out market survey and listen to sound of customers.
But before that, it should first identify customers of
the port, and to improve efficiency, respondents can
focus on commercial companies. Since service is a
kind of intangible product, and perception of customers to service quality is subjective, if conditions
are permitted, it is effective to adopt the interviewing method and the method of focus group to have
open-ended questionnaire survey on customers and
obtain initial elements of quality demands, and then,
they should be classified through affinity diagram
(KJ method) to acquire matrix of customers’ quality
demands. It is a common practice, but based on
practical writing, the essay mainly adopted documentary method to construct matrix of customers’
quality demands.
The left wall of house of quality also includes
calculation of importance

l

- ceiling of

house of quality – which can be realized.
(3) Market competitiveness assessment. The
procedure is to evaluate satisfaction degree of customers to service of the enterprise and competitors,
and expected satisfaction degree planning after improvement of service quality of the enterprise,
which is the right wall of house of quality. By analyzing competitive environment of Tianjin Port and
select proper competitors to carry a survey on customers, the essay adopted 1~5 (keep one decimal place) to stand for evaluation E of customers
to service quality. 1 stands for very unsatisfactory,
5 stands for very satisfactory, and the average value
of research data would be regarded as the final results as shown in the formula (1). After understanding the current service situation of the enter-

(4) Determination of correlation matrix of
quality measures. Correlation matrix of quality
measures is to evaluate whether quality measures
have a positive correlation or negative correlation,

3261

© by PSP

Volume 30– No. 04/2021 pages 3259-3266

Fresenius Environmental Bulletin

and relationship strength, which is the roof of house
of quality. Quality measures are in a positive correlation, and if a quality measure is enhanced, the
correlation property will also strengthen. When the
correlation relation is negative, if a quality measure
is enhanced, the other quality measure will be
weakened, and enhancement and weakening degree
will be decided by the relationship strength, which
is mainly to decide technical bottleneck of quality
improvement. To measure the correlation relation
and the relationship degree between quality
measures, enterprise personnel need have higher
professional level. Since market survey has bigger
difficulties, it will not be discussed in the essay.

scores of importance of quality demands and quality measures in various quality demands and then to
sum to obtain data shown in table 2. According to
the results, we selected the quality measures whose
importance was bigger than 3, and Tianjin Port
most need to make improvement in the aspects of
management level, management hardware equipment, staff quality, quality certificate, and logistics
hardware equipment. Considering the results, the
essay put forward suggestions from the aspects of
hardware and software.
Improvement in hardware: Handling capacity of Tianjin Port has reached to 540.51 tons, and
the huge handling capacity of the port needs to
adopted advanced and reasonable mechanical
equipment and management hardware to guarantee
service quality of the port.

(5) Establishment of the matrix of relation.
Establishment of the matrix of relation is a procedure to transform importance of quality demands
into importance of quality measures, which is the
room of house of quality. The procedure can endow
the relation intensity parameter

r

ij

(1) Expansion of the collecting and distributing system. According to the house of quality,
rate of punctual arrival of cargo, intact rate of cargo
and clear time are most important to customers,
which are demands on reliability and speed in other
words. Thus, it is necessary to meet customers’
quality demands in this aspect. Moreover, the port
should further deepen and expand its construction,
and expand the collecting and distributing system,
develop multimodal transport, establish specialized
railway reloading equipment, especially container
reloading, increase channels with internal cities in
hinterland in the current highway and railway network, promote integration of the port with city high
way and railway and connection between the port
and inland rivers, extend the transport network system to enter and leave the port, solve blocks, and
construct connecting lines between various ports to
enhance connection between ports and shunt of
vehicles and cargo in peak period. To improve reliability and speed, the current harbor facilities
should have specialized technological transformation to improve efficiency.

between qual-

ity demands and quality measures, which is the
basis of the whole QFD analytical process. The
essay scored by use of exports in logistics study
from colleges and universities, and divided them
into four grades, 0 – no correlation, 1 – week correlation, 3- correlation, and 9 – strong correlation.
This scoring method is a method which is relatively
widely used.
(6) Technology competitiveness assessment.
Technology competitiveness assessment is to calculate importance of quality measures , evaluation of the internal company to the current situation
of quality measures, quality measure assessment of
opponents and quality measure assessment after
improvement, which is the basement of house of
quality. Assessment to quality measures is to set up
strategic targets for the company, and the essay
would not discuss about it, thus the procedure is
only to calculate importance and it is decided by the
product of importance

k

i

of quality demands and

(5)

(2) Facility automation and intelligent. Intact rate of cargo depends on automatic and intelligent level of handling facilities to a great extent.
Tianjin Port has decided the four pillar industries
including the handling industry of port. Improvement of hardware for loading and unloading, it is
necessary to increase application of facilities of
higher automatic, informationalized and intelligent
level, reduce artificial operation, decrease breakage
ratio and improve handling efficiency at the same
time.

Suggestions to quality improvement of logistics service in Tianjin Port. After obtaining the
relation matrix between quality demands and quality measures, as well as absolute importance of
quality demands, according to the formula multiply

(3) Equipment professionalization. Types of
cargo disposed by Tianjin Port mainly include coal,
steel, metallic mineral, oil and gas and their products, and container, thus first the port can encourage
large scale cargo owner enterprises to invest au-

the relation strength parameter

r

ij

, thus determin-

ing key quality measures. The computational formula is seen in (4).
˄j=1,2……m˅
(4)
According to the above procedure, the formed
tale of house of quality for logistics service of Tianjin Port is as shown in Table 2.
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tonomously or fund jointly to construct specialized
wharfs and warehouse, adopt professional advanced
equipment and provide professional services.

provement of logistics service in Tianjin Port does
not only need improvement in hardware but also
need support in software.

(4) Equipment greenization. Improvement in
hardware should also adapt to the greenization demand of urban development, eliminate facilities of
high consumption and low output, adopt environmental technology and materials, and walk on the
sustainable development road of port.

(1) Cultivate and introduce high quality logistics talents. Talent is the key to improvement of
enterprise development and software level, and the
most critical resource, thus enterprises should pay
attention to introduction and cultivation of high
quality talents. With opening of majors related to
logistics management in various colleges and universities, number of graduates majoring in logistics

Improvement in software: Quality im-

TABLE 2
Port logistics service quality house of Tianjin Port

b b
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b b

4
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Port
Staf
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0
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5
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0

0
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5
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Data source: clear up and calculate according to results of the questionnaire
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TABLE 3
The matrix of quality demands
Quality demands

Secondary demands
1. punctual arrival of cargo
2. Intact rate of cargo

Reliability A

1

a

11

a

12

3. Accuracy rate of document

a

13

a

4. Accuracy rate of information delivery

14

5. Ability to deal with special and urgent orders
Flexibility

A

6. Flexibility of Procedures

2

a

a

21

22

7. Flexibility of transformation of transportation methods
Economy

A

3

8. Reasonability degree of charging
9. Handing time of errors

Response

A

a

31

a

42

11.Time to handle customer complaints and consultation

a

12. Waiting time to enter and leave port
Speed

13. Loading and unloading time

A

5

14. Clear time

a

a

Empathy

a
17. Professional level a

A

6

a

43

51

52

53

15. Time of information feedback
16. Service attitude

23

41

10. Success rate of error handling

4

a

a

a

54

61
62

18. Sufficiency of provided information

a

63

Data source: the essay cleared up

increases, thus port departments and logistics enterprises should create favorable conditions to attract high quality logistics talents, establish cooperation with colleges and universities to have directed
education, and meanwhile, establish practice bases
to provide favorable opportunities of internship to
internal students, improve practical ability and reserve talents for enterprises.

procedures in one window, improve accuracy and
speed of information delivery, speed up clear speed
and shorten clear time. And in business management, they can establish a comprehensive dispatching and commanding center to unity business
commands in Haihe, the north area, south area and
east area, arrange and coordinate time to enter and
leave ports, cargo handling, and cargo collecting
and distributing so as to make port operation more
reasonable and ordered. In addition, they can promote standard management to make service standard and make customers have clear measurement
and assessment to service.
Improvement in hardware and software will
help enterprises to pass quality certificate so as to
obtain acceptance and trust of customers. By enhancing and improving in the above several aspects,
logistics service quality of Tianjin Port will be
greatly improved and serve to “one belt one road”
and the free trade zone better.

(2) Establish integrated information platform. Quality improvement of logistics service of
ports also requires enterprises to enhance management and innovate continuously in management. By
using technologies like EDI, ERP, GPS and GIS,
they can establish an integrated e-commerce platform to promote online transaction and delivery of
real-time information, integrates logistics enterprises, customs, inspection & quarantine, and banks,
realize one package service of ports to make users
finish all information inquiry and transaction of all

3264

© by PSP

Volume 30– No. 04/2021 pages 3259-3266

Fresenius Environmental Bulletin

Since the reform and opening-up, as a new
service field, logistics service has obtained rapid
development, but the overall logistics level is lower
in China and logistics service quality is not satisfactory. With economic development and improvement of customer demands, service quality is
concerned by more and more people, and many
enterprises started to devote themselves to service
quality management. As an important window of
free trade zone in China, logistics service quality of
Tianjin Port can directly affect Chinese foreign
trade and make theoretical study and management
practice of logistics service quality of ports will be
deeper. A complete quality management process
includes formulation of quality policy and quality
target, quality planning, quality control, quality
guarantee and quality improvement. Study of the
essay on logistics service quality of ports is just one
link to implement quality management, and the
current studies mainly focused on establishment of
service quality evaluation and service quality
measurement. To improve service quality and form
a set of service system of high standards and high
customer satisfaction, enterprises should make
great efforts in other aspects so as to promote logistics service quality of Tianjin Port have a great leap,
and integrate and serve to the free trade zone and
the “one belt one road” economy better.
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CONCLUSIONS
This paper introduces the theory of improving
the quality of Tianjin Port's logistics service by
using the questionnaire survey method. The article
uses the Analytic Hierarchy Process (AHP) to calculate the importance of customer demand, analyzes the role of expert consultation in improving the
quality of port logistics services, and discusses the
improvement of logistics service quality in Tianjin
Port. Through quality analysis, we identified six
key measures for ecological design of port logistics
service quality, and proposed hardware and software recommendations to help Tianjin Port and
other ports to better design services and improve
service levels.
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change. Reasonable use of abandoned land and
obsolete urban space has become an inevitable
process of urban transformation [1]. The ultimate
goal of urban renewal is to enhance the urban
landscape. Coal mining causes damage to land
resources, fragmentation of surface landscape,
geological disasters in mining areas, lowering of
underground water level, pollution of water
resources, air pollution, noise pollution and other
ecological environmental problems. According to
incomplete statistics, the amount of garbage
generated in our country every year keeps a growth
rate of 10%, and the garbage disposal rate in more
than 600 cities across the country is about 90%, of
which one fifth is simply buried or directly piled up
in an empty area [2]. Especially for the green space
of mining wasteland, developers should do a good
job in protecting the natural plants in the landscape
area, maintaining the ecological balance of the
landscape area and ensuring the ecological stability
of the landscape area, and carry out landscape
ecological planning and design in the form of low
carbon and environmental protection [3].
For the treatment of subsidence land after
mining, the United States generally adopts two ways,
one is to protect it as a wetland; The other is
reclamation. The latter is mainly through the
combination of trenching, backfilling, trenching and
backfilling [4]. Urbanization is different from the
urban development in any previous period. It refers
to the rapid changes in the number, scale,
distribution, economic structure, social culture and
lifestyle of the city, which lead to the changes in the
production and lifestyle of human beings from the
rural state to the urban state [5]. The legal basis for
the protection of natural landscape in land
consolidation in Germany is mainly the Land
Consolidation Law and relevant laws and regulations
formulated by various states in accordance with this
law. The law clearly stipulates that in land
consolidation, adverse impacts on the environment
caused by construction should be eliminated and
agricultural landscape should be avoided as much as
possible [6]. He Xingxin built a natural park in
Yixing Dushandang Agricultural Park, and gradually
developed into a series of glades. A wide open space
along the waterfront is crisscrossed with a wide
variety of plant communities [7]. Peng et al.

ABSTRACT
It is necessary to scientifically control the
ecological environment of mining wasteland,
rationally organize the regional spatial structure,
optimize land use, repair damaged farmland in
mining areas and strengthen the construction of
regional farmland infrastructure. Based on the
deficiency of current mining wasteland planning
methods and the theory of landscape ecology, this
paper puts forward a planning idea of mining
wasteland based on landscape spatial pattern
optimization. Based on the theory of landscape
ecological planning and design, this paper discusses
the objectives, principles, approaches and
contributing mechanisms of landscape ecological
planning for mining wasteland space in China, and
puts forward specific planning priorities for different
urban development models. By analyzing the
landscape function through industrial structure, the
main landscape function of the study area is
obtained, thus the study is divided into different
landscape function areas, and their internal
structures are designed. This article is an attempt to
apply landscape ecology in new fields, which has the
objective effect of widening the research scope of
landscape ecological planning and design and
strengthening the applicability and operability of
landscape ecology research.
KEYWORDS:
Landscape ecology, Regeneration
wasteland, Ecological restoration

design,

Mining

INTRODUCTION
The report of the 18th National Congress of the
Communist Party of China solemnly mentions the
concept of "beautiful China" and regards it for the
first time as a major goal of China's future ecological
civilization construction. This high level of attention
and active promotion of ecological civilization
construction shows that our party has deepened its
understanding of the overall layout of socialism with
Chinese characteristics. As an organic whole, cities
are always in the process of continuous growth and
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TABLE 1
The relationship between landscape structure and landscape function
Landscape structural
elements
Substrate/forest
Plaque/wetland

Corridors/roads

Main stream

Landscape function or landscape process
Water resources
Human beings
wild animals
Filtration, infiltration and
Wood, entertainment
Forest wildlife
water circulation
regulation
Filtration, infiltration and Water quality purification,
Habitat for wetland
water circulation
point source and noncreatures and relay station
regulation
point source pollution
for migratory birds
control, flood control
Increased runoff, pollutant Activities, transportation,
The main reasons for the
concentrations and
entertainment
fragmentation of
bridges become potential
passages, obstacles and
bottlenecks
habitats
Water Flow, Flood
Consume, flow and
Major corridors for the
Control
transport products
movement of large
species, birds and other
small and medium-sized
waterfront species

mentioned in "Transformation and Regeneration of
Ecologically Sensitive Areas-Taking the Urban and
Rural Development Plan of Changbai County in Jilin
Province as an Example" that mining wasteland is
more suitable for development into a greenway
system. Its structure belongs to national property and
can be constructed immediately. It passes through
various landscape areas and connects various tourist
attractions [8].
Ecological restoration of mining wasteland is
the regeneration and utilization of land resources, the
visual improvement of urban environmental quality,
and the carrier of the revival of mining cities and
industrial transformation and development. The
planning and restoration process of mining
wasteland should first involve the regeneration
positioning strategy at the planning level [9]. This
study is mainly based on the theories of sustainable
landscape, greenway and landscape ecology, and
comprehensively
discusses
the
restoration,
reconstruction and regeneration of mining wasteland
landscape from ecological, economic and cultural
aspects. The basic principles and steps of landscape
ecological planning and design are applied to the
planning and design process of mining wasteland,
trying to explore the connotation, characteristics,
principles and steps of landscape ecological planning
and design suitable for mining wasteland, so as to
construct a reasonable land use pattern and establish
a benign, stable and efficient landscape ecological
system. Landscape planning, as a sustainable
planning method, emphasizes the rational utilization
and ecological integration of natural resources,
which can make natural resources be properly
protected while being developed and utilized.
Therefore, the application of landscape planning in
the construction of mining wasteland can effectively
guide the development direction of mining
wasteland and bring opportunities to solve the
problems of existing mining wasteland.

MATERIALS AND METHODS
This paper further divides the landscape
ecological planning into three parts: first, the
planning of landscape matrix layout, analyzes the
main landscape functions of the region, and further
divides the landscape matrix functional areas;
second, the planning of ecological corridor layout,
which adopts the method of ecological network
planning to establish regional key ecological
corridors; Third, patch layout optimization, selecting
important patches as ecological core areas and
constructing buffer zones around them in a certain
range. Energy and material flow should be
considered comprehensively and uniformly. The
interaction of natural ecosystem, agricultural
ecosystem and tourism ecosystem can realize the
protection of landscape diversity and ecological
diversity, thus realizing the common sustainable
development of agriculture and tourism [10]. From
the perspective of landscape architecture specialty,
combined with urban planning, ecology and other
specialties, the paper summarizes the current spatial
types of mining wasteland and analyzes the existing
problems.
The
landscape
spatial
pattern
characteristics of a region can be characterized by
relevant landscape indexes, which refer to simple
quantitative indexes that can highly concentrate
landscape pattern information and reflect some
aspects of its structural composition and spatial
configuration. Conform to the change of water and
land gradient, build a systematic near-natural plant
community, reflecting the continuous change
process of aquatic, wet and mesophyte distribution.
Considering a variety of possibilities for future
development, diversified designs are formed
according to different landscapes and land use bases
by different utilization methods to meet the
diversified needs of people at all levels [11].
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FIGURE 1
Multiple determinants of health

FIGURE 2
Schematic diagram of landscape regeneration design procedure for mining wasteland
Landscape pattern refers to the quantity and
spatial structure of landscape elements and types.
Landscape function refers to the comprehensive
control process of landscape ecosystem on various
ecological processes, including material, energy,
information, species, etc. Landscape dynamics is a
complex multi-scale process when the landscape is
disturbed [12] The relationship between landscape
pattern and process can be illustrated in the
following Table 1.
With people's re-understanding of health, a
modern concept of health has gradually been formed,
and the concept of "healthy city" has subsequently
emerged. "Healthy City" is a city that constantly puts
forward public policies, creates and improves the
physical and social environment, so that people
living here can support each other to complete
various activities of life and give full play to their
potential. It not only strengthens individual skills and
abilities, but also changes social, environmental and
economic conditions to reduce their impact on public
and individual health [13], as shown in Figure 1.
The landscape regeneration design procedure
for mining wasteland should focus on protection and
redevelopment according to the site characteristics,
applying the principles of landscape ecological
design and morphology aesthetics, and advocate
comprehensive
analysis,
utilization
and
development research as two scientific and creative
thinking modes, so as to formulate the stage of
landscape regeneration design and corresponding
concrete steps. Landscape regeneration design of
mining wasteland can be divided into four stages,
each stage has corresponding characteristics and
contents, as shown in Figure 2.
There are various types of landscape indexes.
According to the needs of this article, based on the
summary of previous research results, landscape

indexes are divided into four categories: patch
characteristic index, landscape diversity index,
landscape spatial configuration index and corridor
density, and different indexes are selected for each
category of indexes [14].
Elongation index and fractal dimension were
selected as the indexes to describe plaque
characteristic index. The elongation index of plaque
is used to indicate the shape of plaque. The
expression is [15]:

D

J /

E

(1)

Where D is the elongation index, J is the
perimeter of the plaque, and E is the area of the
corresponding plaque. The D value of square
plaque is 3, and the larger the D value, the more
irregular the plaque shape.
Generally speaking, the human interference
intensity is high, the geometric shape of the plaque
body tends to be simple, and its edge tends to change
linearly, so it has a lower fractal dimension value,
while the edge of the naturally formed plaque body
tends to curve, with a higher fractal dimension value.
Fractal dimension is calculated by the relationship
curve between patch length ( J /3) and patch area,
and the calculation formula is:
(2)
v 2 lg( J / 3) / lg E
k

M

¦l

i

i

/k

(3)

1

In the formula: v is the fractal dimension of each
patch in the i -th landscape; J is the perimeter of the
corresponding patch. E
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landscape is composed of a single element, the
landscape is homogeneous. It is a geographical space
that plays a direct role in the regional expansion of
the urban space, and changes continuously with the
size of the city, radiation intensity and the evolution
of the relationship between urban and rural areas.
Parametric studies include basic cases and
design schemes. According to the actual situation of
the research area, the basic case is constructed. The
model domain covers the whole area of the study
area and extends to the surrounding buildings, streets
and city parks. The spatial range of the study area is
700 × 492 × 220 m in x, y and z dimensions
respectively. Both horizontal and vertical grid
resolutions are set to 5 m. The model domain of the
basic situation of the research area is shown in Figure
4.

corresponding patch; k is the total number of
patches in the i -type landscape; M is the fractal
dimension of the i -type landscape, M is the fractal
dimension of each patch in the landscape and then
the arithmetic average value.
Landscape is an effective way to realize the
regeneration positioning strategy of mining
wasteland, including landscape ecology, restoration
ecology and many other theories. Its effectiveness
lies in paying attention to the ecological
characteristics, landscape characteristics and cultural
characteristics of mining wasteland at the same time,
which is conducive to highlighting the regeneration
value of mining wasteland [16]. The form of
landscape consists of various visual elements, which
can convey different information to people, thus
enriching the experience of sightseeing. The visual
elements of the landscape mainly include form,
color, texture, texture and light and shadow.
Therefore, in the design of the landscape elements,
in addition to ecological design of the landscape
elements from the perspective of biodiversity
protection, the actual performance of the landscape
elements, such as drainage performance and antisettling performance, is fully considered.
The three-layer corridor design of mining
wasteland includes a permanent layer, which is
mainly composed of native tree species on 50% of
the hills, i.e. two commercial layers, timber layer and
non-timber layer, which are not affected by logging,
and occupy the lower 50% of the hills for sustainable
logging. Agriculture at the bottom of the valley has
not been disrupted by this reforestation program
(Figure 3).

FIGURE 4
The model domain of the study
y area

FIGURE 3
Three-storey corridor design
According to the principle of landscape
ecology, large natural vegetation patches are the only
water system network that can protect water sources
and communicate with each other in the landscape,
enabling most internal species to survive, providing
core habitat and shelter for many macrohabitat
animals, and allowing a structure with near-natural
state of dry worry. Landscape diversity index is an
index to measure landscape diversity. Its value
reflects the number of landscape elements and the
proportion of each landscape element [17]. When the

FIGURE 5
Research framework for landscape scale of
surface water temperature
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Figure 5 illustrates the basic idea of analyzing
the influence of water landscape scale on surface
temperature. Based on Landsat 5 TM image, land use
information is extracted by supervised classification
method, and surface temperature is extracted by
single channel algorithm. Pearson correlation
analysis and multiple stepwise regression analysis
were conducted with the average surface
temperature and landscape scale of each sampling
area as sample data [18]. By comparing the
relationship between the water landscape scale and
the surface temperature, the influence of the spatial
structure of water on the surface temperature is
revealed, which is helpful to improve the urban
environment through the rational allocation of water
resources.
In landscape diversity analysis, ShannonWeaner index can be used to calculate landscape
diversity. The calculation formula of landscape
diversity index is [19]:

In the formula, F is the dominance index, k
is the total number of plaque types in the landscape,

H i is the percentage of each plaque area in the total
area of the landscape sample plot. The function of

Wmax

in the formula is to standardize the landscape
difference through the number of different landscape
element types. A large F value indicates that the
landscape is dominated by only one or a few patch
types. A small F value indicates that the landscape
is composed of a plurality of plaque types with
approximately equal area proportions.
The needs of modern people may be different
from those of people in this place in history.
Therefore, designing for a place never means
imitating and sticking to traditional forms. From the
plan layout, the road is curved or straight,
penetrating the water system, terrain, waterscape,
lawn, tree array, landscape node, etc. in the
landscape plan to form an integral artistic space [20].
Through aesthetic feeling and functional analysis,
the planning emphasizes the heterogeneity of
landscape, the effectiveness, integrity and continuity
of landscape ecology, evaluates the interaction
between landscape process and structure from
landscape scale, space and shape configuration, and
determines the distribution pattern of landscape.
While embodying historical and cultural values, it
inherits and popularizes mining culture and
embodies strong industrial aesthetics and humanistic
characteristics. Fully considering the collection and
availability of data, the selected indicators should be
obtained from the existing soil survey results or land
resources survey results as far as possible [21]. The
principle of comparison is to compare the demand
for land, the quality of land and the degree of
coordination between specific land uses in order to
make a decision. To a certain extent, it reflects the
degree of human disturbance to the landscape and
the influence of human activities on the landscape
pattern. The landscape form regeneration design of
mining wasteland needs to combine landscape
aesthetics and landscape morphology. On the
premise of continuing the original style and features
of the site, it realizes multiple landscape functions
while organically combining form and function.

k

¦ H i log 2 H i

W

(4)

i 1

Where: W is the landscape diversity index,

k

H

i is the
is the total number of landscape types,
proportion of landscape type i to the total area.
If there are k types of patch bodies in a
landscape, then under the condition of maximum
uniform distribution, the area proportion of each type
of patch body is 1/ k , and the diversity index at this
time is called "maximum diversity index", expressed

by

Wmax

, then there are:

Wmax

log 2 k

(5)

The uniformity index is:
(6)
W / Wmax
When G tends to 1, the distribution

G

uniformity of landscape patches tends to be the
largest.
Dominance index is used to determine the
degree to which one or some landscape element
types dominate the landscape in the landscape
pattern composition, i.e. the importance of patches in
the landscape. The calculation method is based on
information theory, that is, it is expressed by
calculating the deviation of the maximum possible
diversity index (
is:

Wmax

RESULTS AND DISCUSSION
The landscape color composition of mining
wasteland adopts different colors according to the
design theme, which can continue the natural style or
embody the modern artificial beauty. Colors can
attach various kinds of information to the landscape
of mining wasteland, making tourists resonate
psychologically. Most of the land destroyed by coal

), and its calculation formula

k

F

Wmax  ¦ H i log 2 H i
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(7)

i 1
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TABLE 2
Plaque characteristic index table of project area
Landscape type

Paddy field
Dry land
Garden plot
Woodland
Waters
Unused grassland

Total patch area
(km2
)
88664.82
56984.14
16875.08
69695.33
92123.02
35580.61

Total perimeter
(km)

Number of
plaques

Elongation index

Fractal dimension

498963.37
46786.07
3984.03
8566.34
3854.04
3375.54

1274
150
9
28
33
17

6.03
6.08
5.37
6.14
2.38
4.17

1.05
1.02
1.14
1.88
1.01
1.03

TABLE 3
Table of landscape spatial configuration index of the project area
Landscape
type
degree of
fragmentation
Landscape
fragmentation

Paddy field

Dry land

Garden plot

Woodland

Waters

1.66

0.11

0.07

0.06

0.33

Unused
grassland
0.41

2.64

mine development is arable land, which is reclaimed
into agricultural land, reflecting the biological
production function of landscape ecosystem.
According to different properties and functions, the
agricultural park land is divided into different
regions. It is of great significance for clarifying the
development direction of resource land and
organizing scenic spot construction and tourism
activities rationally. It emphasizes that based on the
potential of natural resources and social and
economic conditions in mining wasteland, the
coordination and complementarity of regional
ecological and environmental functions and social
and economic functions are formed, and at the same
time, it is open. It focuses on the use of land
resources, spatial allocation and layout, and
considers the docking and coordination with the
landscape ecosystem on a larger scale. It is beneficial
to mechanized operation and field management.
After planning, the original garden and forest land
area remained unchanged, only the shape was
standardized. From the characteristic index of
garden and forest land patches, it can be seen that the
shape of patches affected by human activities is
relatively regular, and the edge is relatively simple.
The interaction between landscape elements and the
space-time relationship constitute the landscape
structure. The structures do not exist in isolation, but
interact and influence each other, which together
constitute the river ecological landscape with
physical characteristics [22].
The basic map used in this research is the
current land use map of mining wasteland (1:
10000). According to the needs, the project area and
its surrounding areas are cut out separately and
revised and measured as the current land use map of
the project area of 1: 8000. Because the research
needs to integrate the land use types, the landscape
types in the project area are divided into 6 types of
patches, i.e. paddy field, dry land, garden plot,

woodland, water area and wasteland. With the
support of MAPGIS6.5 software, the area, perimeter,
corridor length and other data of each landscape type
are extracted and then imported into EXCEL2000 to
calculate the landscape index. Table 2 is the plaque
characteristic index table of the project area.
As can be seen from the above table, the total
area of paddy field patches is the largest, the number
of patches is the largest, and the elongation index is
6.03, which indicates that the shape of paddy field
patches is very irregular, mainly because the project
area is located in hilly area, and the shape of patches
is irregular due to the influence of landform.
Compared with paddy field, dryland area is small
and the number of patches is also small. Its
elongation index, fractal dimension and paddy field
are similar, which shows that the shape of dryland
patches is irregular. The number of garden plots and
woodland with complex edges in the project area is
relatively small and is greatly influenced by human
beings. Compared with paddy field and dryland,
patch shape is relatively regular and the edge is
relatively simple.
Reduce the use of energy, land, water and
biological resources as much as possible to improve
the efficiency of use. If natural processes such as
light, wind and water are reasonably utilized in the
design, the use of energy can be greatly reduced. The
adoption of new technologies can often reduce the
consumption of energy and resources by several
times. The calculation results of landscape diversity
index are shown in Table 3.
Among the landscape types in the project area,
the fragmentation degree of paddy fields is 1.66 at
the most. Affected by the topography of hilly areas,
the distribution of paddy fields in the landscape is
very compact, but the number of paddy patches is
large, followed by the fragmentation degree of water
areas with high fragmentation degree and dry lands,
indicating that the two types of land use are also
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TABLE 4
Landscape diversity index table of the project area
Maximum diversity index
2.713

Diversity index
0.842

Dominance index
1.774

Evenness index
0.221

TABLE 5
Statistical Table of Landscape Plaque Indicators in the Study Area after Planning
Landscape type
Paddy field
Dry land
Garden plot
Woodland
Waters
Unused
grassland

Number of
plaques
823
103
4
23
14
9

Plaque number
ratio (%)
64.60
68.67
44.44
82.14
42.42
52.94

Patch area (km2)
45897.11
38645.16
15235.02
49637.34
19644.88
21304.74

relatively fragmented, while the fragmentation
degree of other types of land use is low. From the
overall view of the project area, the landscape
fragmentation degree is 2.64, and the landscape is
relatively fragmented.
The use of abandoned land and original
materials, including vegetation, soil, masonry, etc. to
serve new functions can greatly save resources and
energy consumption. For example, in the process of
urban renewal, closed and abandoned factories can
be turned into urban parks for citizens' leisure after
ecological restoration. Modern landscape design
should reflect the characteristics of the contemporary
spirit, design methods and construction techniques
are constantly innovated, and condensed works of art
such as energy-saving and environmental-friendly
new materials and technologies are adopted. In the
design of green planting, attention should be paid to
the vertical three-dimensional contour line and space
transformation. Table 4 shows the landscape
diversity index of the project area.
The diversity index of the project area is 0.842,
which is somewhat different from the maximum
diversity index of 2.713, indicating that the
heterogeneity of landscape types in the project area
is high, but the proportion of each type is somewhat
different. The dominance index of the project area is
1.774, indicating that one or more landscape types
are dominant in the project area. The evenness index
is 0.221, which indicates that the distribution of
landscape types is not uniform, and there is a
phenomenon that a few landscape types control the
whole. The analysis results are consistent with the
dominance.
Based on the principle of landscape ecology,
the scenic spots composed of different patches in the
mining area are analyzed. At the same time, the roads
and water bodies in the mining wasteland are taken
as corridors. In addition, each small landscape node
is taken as a matrix. The above H groups are closely
related to each other and together form a relatively
complete mining area system. The landscape
regeneration design of mining wasteland should pay

Area percentage
(%)
51.76
67.82
90.28
71.22
21.32
59.88

Average patch
area (km2)
0.33
0.12
0.29
0.41
0.29
0.12

attention to the change and coordination of the
texture among the landscape components, neither
too abrupt nor without change. After the front
courtyard of the building in each district, appropriate
green open areas such as forest land and garden land
are reserved, and squares and roads are used as
corridors to connect the districts. Increase the
connectivity and accessibility of farmland patches,
give full play to the ecological function of the green
corridor to intercept nutrients in the field, ensure the
migration of small animals, and maintain the
biodiversity of the ecosystem. Reasonable planning
of green space in the marginal area plays a certain
role in the relationship between cities and mining
wasteland in the process of urbanization and in
avoiding the problems brought about by
urbanization. However, the most effective layout of
agricultural landscape is that all kinds of landscapes
have equal advantages, and the distribution pattern is
uniform and coordinated. Only in this way can the
land ecosystem be more stable and have stronger
anti-interference ability. Although any landscape is
constantly changing and dynamic, the dynamic
characteristics are particularly obvious in the urban
seasonal river ecological landscape.
The design language of the park continues the
atmosphere of the machinery industry. The paving
made of red asphalt and red concrete highlights the
historical theme and commemorative significance of
the park in a concise form. Precast red concrete
forms a clear boundary to separate the pavement
from the grass. On the one hand, it has become a
landscape corridor connecting with the outside world
under the regional background, which has
strengthened the connection. On the other hand, it
meets the earth-based functions of displaying and
looking at the abandoned mining areas in the center.
As the landscape is set up, the roads are blocked,
allowing tourists to enter the abandoned mining
areas along the road and feel different from each
other. According to the landscape ecological
planning and design scheme, the mining wasteland
is planned, and the landscape pattern index of the
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TABLE 6
Statistical table of landscape pattern index of the study area after planning
Diversity
index

Evenness
index

Dominance
index

Fragmentation
index

Resolution
index

45897.11
38645.16
15235.02

Area
percentage
(%)
51.76
67.82
90.28

1.69
1.47
1.88

0.63
0.61
0.74

1.88
1.93
1.78

0.03
0.02
0.01

0.33
0.21
0.17

49637.34
19644.88
21304.74

71.22
21.32
59.88

1.36
1.91
172

0.81
0.66
0.82

1.68
1.91
1.94

0.03
0.01
0.02

0.32
0.21
0.17

Landscape
type

Patch area
(km2)

Paddy field
Dry land
Garden plot
Woodland
Waters
Unused
grassland

planned mining wasteland is calculated, as shown in
Table 5.
As can be seen from Table 5, the total number
of patches for each landscape type is 976. The largest
number of landscape patches is paddy field, with 823
patches, accounting for 64.60% of the total number
of patches, followed by dry land, with 103 patches,
accounting for 68.67% of the total number of
patches, and the rest is forest land >water area
>wasteland >garden land from more to less.
Compared with before the planning, the number of
patches in each landscape type has decreased, thus
the degree of landscape fragmentation has
decreased.
The waterfront section of the park fully
integrates and utilizes the original water body and
plant resources, so that greening integrates the two
functions of flood prevention and beauty, integrates
the advantages of geographical location, and
expands plant types. A raised platform is designed in
the park to provide people with an excellent view of
the whole lawn and a stable, comfortable and elegant
resting place. The distribution pattern of vegetation
is closely connected with the land use pattern. In the
land use planning of seasonal rivers, the theory of
landscape ecology should be taken as the guidance.
Table 6 is the statistical table of landscape pattern
index of the study area after planning.
From Table 6, it can be seen that the dominant
landscape types in the studied area after planning are
grassland landscape and dryland landscape, which
have the greatest dominant effect on the landscape,
and forest land has stronger control over the overall
structure and function of the landscape. The degree
of landscape separation of each landscape type in the
study area has decreased, indicating that each type of
landscape is relatively concentrated in the landscape
distribution.
The interrelation between landscape ecosystem
and human society is largely completed through
various industrial sectors. The implementation of the
spatial location of the industrial sector constitutes a
landscape ecosystem of all levels and types.
Structure is the basis of function, and the realization
of function is based on the coordinated and orderly
spatial structure of landscape ecosystem. Only by
constructing different structural types can different

functions be constructed in different regions.
Correctly handle the relationship between land
development and utilization and ecology, protection
and development of resources, economic
development and environmental quality, so as to
improve the overall function of the landscape
ecosystem and achieve harmony between man and
nature; The soil below the tillage layer shall be
leveled. After filling and digging, the topsoil of the
original tillage layer shall be transported back to the
original place for backfilling. In the backfilling
process, the organic combination and integrity of the
original benign soil profile shall be maintained as far
as possible. It is influenced by many factors, such as
the layout of city functions, the layout of buildings,
traffic conditions and the distribution of pollution
sources, etc., and the full play of ecological functions
of park green space has a great relationship with its
location. The reconstruction of the form and nature
of the site has been completed. The diversified
functions meet the use needs of the site humanely.
The overall orderly space forms a close connection
between the landscape of all parts of the mining
wasteland. It is not only conducive to the further
improvement of the environmental quality of the
mining city, but also to the further optimization of
the industrial structure of the city and the further
acceleration of the urban transformation. In a word,
it has quite positive practical significance.
CONCLUSIONS
In the design practice of reclaimed landscape of
mining wasteland, the significance of ecological
restoration and reclamation of abandoned land in
mining area is directly felt. Starting from the current
stage social status of mine restoration, this paper has
established the research goal and direction.
Landscape regeneration design is one of the effective
ways to utilize mining wasteland sites. This paper
summarizes relevant theoretical achievements,
forms a theoretical system suitable for landscape
regeneration design of mining wasteland,
innovatively improves the development of visual
level, ecological level, functional level and cultural
level, and puts forward specific design strategies and
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technical means. On this basis, an ecological
assessment system is established to classify the
landscape. The basic form of mining wasteland
space is formed by forming a compound ecological
network in mining wasteland, linking up with urban
green space and creating an elastic development
framework. Adhere to the protection and utilization
of natural resources in mining wasteland during the
construction process, especially the protection of
special natural landscape elements or ecosystems
such as urban and suburban wetlands, natural water
systems and mountain forests.
In this paper, landscape planning and
ecological design are divided into two independent
parts, and the mechanism of interaction and
influence between landscape pattern and ecological
process is not discussed quantitatively. Therefore,
the follow-up long-term monitoring of landscape
ecological effect is required. Secondly, the research
in this paper focuses on the macro-level grasp, and
puts forward the ways and methods of sustainable
landscape ecological planning of mining wasteland
space. For the specific design level, the general
design principles are discussed in this paper, which
has certain universality. At present, the landscape
regeneration design of mining wasteland in China
faces many problems, such as imperfect laws and
regulations, insufficient attention to the regeneration
of wasteland, lack of effective organization,
insufficient investment in capital and technology,
lack of effective cooperation in various fields, and
lack of public participation. We need further
investigation and analysis on these issues.
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STUDY ON THE COUPLING MECHANISM AND
COUNTERMEASURE OF TOURISM INDUSTRY
ECOSYSTEM AND ECOLOGICAL ENVIRONMENT IN
ECOLOGICAL ECONOMIC ZONE
Weijuan Feng*
Southern Shaanxi Eco-economic Research Center, Ankang University, Ankang, Shaanxi 725000, China

Tourism is an industry closely related to
ecological environment. The decline of ecological
environment quality will inevitably affect the
sustainable development of tourism. From this
point of view, a good ecological environment is not
only a rare tourist resource for the eco-economic
zone, but also a fundamental guarantee for the
survival and sustainable development of tourism
industry [11-13]. Therefore, it is of great
significance to study the coupling mechanism
between tourism economy and ecological
environment [14-19]. Guided by system coupling
theory, eco-economic theory and sustainable
development theory, this paper constructs an
evaluation index system for the coordinated
development of tourism economy and ecoenvironment in eco-economic zone, to explore the
coupling relationship between them, and then put
forward some suggestions on promoting the
coupled and coordinated development of tourism
economy and ecological environment.

ABSTRACT
At present, under the background of weak
global economic growth, tourism economy is
becoming an important driving force for global
economic recovery. However, while tourism
economy brings enormous economic and social
benefits, it may also have a negative impact on the
ecological environment. It is of great significance to
study the coupling mechanism between tourism
economy and ecological environment. In this paper,
firstly, we elaborate the construction of tourism
ecosystem in ecological economic zone, and then
explore the coupling relationship of them, and
establish the coupling coordination model to
quantitatively analyze their internal coupling
mechanism. Finally, according to the actual
situation of eco-economic zone, we put forward
some suggestions on promoting the coupled and
coordinated development of tourism economy and
ecological environment.

MATERIALS AND METHODS

KEYWORDS:
Internet Background, Drama Film and Television,
Ecology

Construction of Tourism Ecosystem in
Ecological Economic Zone. The tourism
ecosystem is a system that can adjust itself to
maintain ecological balance and stability. It needs a
developing process to realize the ecology of
tourism industry. In this process, people have
created a new paradigm for the tourism industry
system, that is, incorporate man-made systems into
the operational framework of natural ecosystems
and gradually move from linear systems to cyclic
systems.
Tourism ecosystem is a complex ecosystem,
which has the same elements as natural ecosystem.
According to the ecological and economic functions
of the ecosystem, it can be divided into three levels:
producers, consumers, and decomposers. There is
material cycle and symbiosis between the three
elements of the tourism ecosystem. This system
aims to achieve mutual benefit and win-win in
various industries on the basis of saving resources,

INTRODUCTION
Since the 21st century, tourism has become
one of the industries with the strongest momentum
and largest scale in world economic [1-3]. At
present, China's economic development is in a new
period of slow growth, structural adjustment and
driving upgrading. The role of tourism as a strategic
engine is becoming increasingly prominent, and it
can help to promote the transformation and
upgrading of other industries and even the national
economy [4-7]. However, while tourism economy
brings enormous economic and social benefits, it
may also have a negative impact on the ecological
environment [8-10]. Some tourist economic zones
have brought about significant impacts on the
quality of local ecological environment due to the
one-sided pursuit of tourism economic benefits.
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FIGURE 1
Overall structure of tourism ecosystem

reducing pollution and protecting the environment,
so as to seek multi-interests and coordinated
development of society, ecology and economy.
Overall structure of tourism ecosystem is shown in
Figure 1.

Tourism
products

Consumer
˄Tourist˅

Waste

material foundation for the sustainable development
of tourism economy.
Tourism economy can improve the motive
force of ecological environment protection. The
attractiveness of tourist destination to tourists
depends largely on the quality of ecological
environment of tourist destination, so local tourism
management departments tend to improve tourists'
satisfaction through optimizing the ecological
environment quality.
Tourist activities can give full play to the
function of ecological environment education. With
the extensive development of tourism activities,
tourists can learn a lot of knowledge about the
protection of ecological environment in the process
of appreciating natural beauty, triggering further
reflection on the relationship between man and
nature, and improving their self-awareness of
environmental protection.

Coupling Relationship Between Tourism
Industry
Ecosystem
and
Ecological
Environment. The relationship between tourism
economy and ecological environment is dialectical
and unified. From a positive point of view, the
beautiful ecological environment can enhance the
tourist experience and promote the development of
tourism economy. At the same time, the
development of tourism economy can promote the
protection of ecological environment, such as
providing financial support. From the negative
point of view, as one of the important human
activities, tourism activities will inevitably have a
certain degree of negative impact on the ecological
environment in the process of tourism development
and tourism. While once the ecological
environment quality deteriorates, it will restrict the
development of tourism economy. Therefore, we
should give full play to the promoting effect of
tourism economy on ecological environment, and
focus on improving the quality of ecological
environment, so as to realize the coupling and
coordinated development of both.

Stress of Tourism Economy on Ecological
Environment: Tourist activities will produce stress
on water environment. On the one hand, the
demand and consumption of water resources by
tourism will result in the shortage of local water
supply; on the other hand, tourist activities may
cause water pollution. Domestic sewage discharged
by hotels and solid waste discarded by tourists are
directly discharged into rivers or lakes, which will
cause water environmental pollution.
Tourist activities will produce stress on
atmospheric environment. Tourism activities are
accompanied by a large number of people, logistics,
and especially the transportation of vehicles,
causing a large amount of automobile exhaust, such
as hydrocarbons, nitrogen oxides, lead compounds,
solid particles and other pollutants and harmful
components to be released into the atmosphere. In
addition, the exhaust gas generated by the burning

Promotion of Tourism Economy to
Ecological Environment: Tourism economy can
bring financial support for ecological environment
construction. Ticket revenue and tax revenue are
usually given priority to the protection and
management of the ecological environment,
especially for raising the threshold of ecological
capacity, so that improve the quality of the ecoenvironment of tourist destination and lay a solid
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of fossil fuels in facilities such as hotel heating,
water supply and power generation will not only
cause a serious decline in local air quality, but also
aggravate the greenhouse effect and the frequency
of acid rain.
Tourist activities will produce stress on soil
environment. To unilaterally pursue the tourism
economy, some regions unreasonably over-exploit
land resources, causing land shortage and land
ecological damage, such as soil depletion, land
desertification, excessive hardening of land, etc.
moreover, in the process of ecological maintenance
of tourist sites, chemical substances such as
fertilizers and pesticides are used extensively to
infiltrate underground, which seriously damages the
quality of land environment.
Tourist activities will produce stress on
biodiversity. Irresponsible behaviour in tourism
development, such as building hotels, parking lots,
digging out large areas of surface plants, or
introducing exotic species, may lead to ecosystem
imbalances in tourist destinations. In addition,
forest fires may also be triggered in tourism
activities, or even poisoning, stealing, hunting or
hunting wildlife for their own benefit, which will
directly threaten biodiversity.
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and reputation of tourist destination will be, and it
will form a good word-of-mouth effect, so as to
achieve the growth of economic benefits of tourism.
Restriction of Ecological Environment on
Tourism Economy: In a certain period of time, due
to the periodicity, vulnerability and limited carrying
capacity of regional environment, as well as the lag
of ecological environment construction, if the
tourism economy is excessively pursued and the
capacity threshold of the ecological environment is
ignored, the result will inevitably lead to a decline
in the quality of the ecological environment and
even collapse, such as air pollution, water quality
deterioration, soil erosion, etc. Then the material
support effect of the ecological environment on the
tourism economy will also be weakened. At the
same time, the tourist attraction and tourist
impression will also be greatly devalued, which will
cause huge loss of tourism economic benefits. Once
the ecological environment system is damaged, it
will often lead to vicious cycle, and it is generally
difficult to return to the original level. Moreover,
the restoration and relief of the ecological
environment requires the investment of certain
funds, manpower, time and technology, resulting in
an increase in the cost of the tourism economy,
insufficient development and even gradual decline
and demise. Therefore, the quality of the ecological
environment is related to the development potential
of the tourism economy. Ecological environmental
protection and construction should be placed first,
and the tourism economy should seek development
space within the scope of the ecological
environment, otherwise the ecological environment
will necessarily restrict or inhibit the tourism
economy.

Bearing of Ecological Environment on
Tourism Economy: Ecological environment is the
precondition and material basis of human life and
production, tourism itself is an industry with strong
environmental dependence, so the development of
tourism economy cannot be separated from the
protection of ecological environment. Ecoenvironment will not only affect the location and
geographical conditions of tourist attractions, but
also affect tourists' experience and impression.
Eco-environment provides material conditions
for tourism economy. The elements of water,
climate, land, animals and plants in the ecological
environment system all play a bearing role in the
tourism economy. As far as natural tourism
landscape is concerned, tourism economy is to sell
various elements of the local ecological
environment to tourists for their viewing and
playing.
Therefore,
beautiful
ecological
environment can have a strong attraction for
tourists, especially for those who are keen on
natural scenery and have high requirements for the
ecological environment. In addition, the quality of
ecological environment is also related to the
satisfaction of tourists. The better the ecological
environment quality is, the higher the popularity

Coupling Coordination Model Between
Tourism Economy and Ecological Environment.
Coupling Coordination Model. In the interaction
between tourism economy and ecological
environment, the tourism economy is the initiative,
while the ecological environment is the passive
recipient. In the tourism economic system,
industrial development, resource development, and
waste discharge will put some pressure on the
ecological environment system, and meanwhile the
various elements of the ecological environment
system will also have a certain constraint on human
activities.

TABLE 1
Discriminant table of tourism economy and eco-environment types
Relationship
between and
Lag type

<
Development of tourism
economy lags behind

=

>

Synchronous
development

Development of ecological
environment lags behind
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FIGURE 2
Coupling coordination model between tourism economy and ecological environment
TABLE 2
Stage division of coupling degree
Coupling
degree C

0-0.3

0.3-0.5

0.5-0.8

0.8-1.0

Coupling level

Low level coupling
stage

Antagonistic stage

Run-in phase

High
level
coupling stage

The coupling coordination model between
tourism economy and ecological environment is
shown in Figure 2.
The coupling and coordinated development of
tourism economy and ecological environment
depends on the mutual promotion effect of various
elements of the system, and it ultimately forms a
virtuous cycle mechanism of the entire regional
system - the harmonious development of humanland relations.

discriminant table of tourism economy and ecoenvironment types is shown in Table 1.
Coupling Degree. Coupling degree is an
index for evaluating the degree of coupling and
coordination between systems. In this paper, it
refers to the degree of interaction between tourism
economy and ecological environment, as follow:
In the formula, C is system coupling degree,
also called coupling coefficient. The larger C is, the
closer the relationship between systems is, the
stronger the coupling correlation is, and the more
orderly and benign the system is. C ranges from 0
to 1. According to the coupling stage, the coupling
degree is graded, as shown in Table 2.

Comprehensive Development Index. In
order to fully reflect the coupling effect of tourism
economy and ecological environment in tourism
economic zone, we use a multi-factor
comprehensive index evaluation method to weight
each indicator item by layer to obtain a
comprehensive index of tourism and ecological
environment. Then, apply linear weighting method
to calculate the comprehensive development degree
of tourism economic system and ecological
environment system, as follow:
In the formula, (i=1, 2; j=1, 2,…, m) is an
index evaluation coefficient for dimensionless
processing; and represent the comprehensive
evaluation function of the tourism economy and the
ecological environment system;
is the index
weight. According to relationship between and ,
the types of lag between tourism economy and
ecological environment can be classified. The

Coupling Coordination Degree. In some
cases, coupling degree is difficult to reflect the size
of the composite index of the two systems of
tourism economy and ecological environment.
There may be deviations from the actual situation
where both levels of development are low, but the
degree of coupling is high. Therefore, in order to
better reflect the coupling and coordination between
them, we construct a coupling coordination degree
model to comprehensively analyze the coordinated
development of tourism economy and ecological
environment, as follow:
D is the coupling coordination degree between
the two systems; T is a comprehensive evaluation
index reflecting the level of comprehensive and
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coordinated
development
between
tourism
economy and ecological environment, to measure
the overall level of them. and are both specific
coefficients.
In order to judge the stage of coupling
coordination
development,
the
coupling
coordination degree is classified, as shown in Table
3.
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Strengthen Propaganda and Education of
Ecological Environment Protection. The quality
and concept of human beings play a vital role in the
ecological environment, and the construction of
ecological civilization cannot be separated from the
extensive participation of the public. The
implementation of eco-civilized tourism requires
the participation of government departments,
tourism enterprises, tourists and local residents. In
tourism activities, propaganda and education of
ecological environmental protection should be
actively carried out for the general public, including
tourism managers, tour guides, hotel service
personnel, tourists and local residents. For tourism
managers, they should raise their awareness of and
attach importance to the protection of ecological
environment, and strengthen the training of
environmental management and protection skills in
tourist attractions. For tourism service personnel,
we should popularize common sense of ecological
environment protection and advocate green
products and services. For tourists and local
residents, we can promote tourism landscape value
and tourism environmental protection knowledge
through billboards, travel brochures, slogans,
newspapers, radio, television, and internet, so as to
form a strong tourism social atmosphere that loves
nature, protects ecology, and promotes civilization.

RESULTS AND DISCUSSION
Suggestions on Promoting the Coupled and
Coordinated Development of Tourism Economy
and Ecological Environment. Accelerate the
Transformation and Upgrading of Tourism
Industry. Eco-environment is not only the
fundamental guarantee for the sustainable
development of tourism economy, but also a rare
tourism resource. Although tourism is known as a
green industry and has relatively little direct
pollution to the ecological environment, if we
blindly pursue the economy and neglect the
carrying capacity of the ecological environment, it
will still cause a series of ecological and
environmental problems. This requires the tourism
economic zone to change the traditional extensive
tourism development mode, to the green and lowcarbon intensive direction, and to realize the
transformation and upgrading of the tourism
industry.
First, optimize the supply agencies of tourism
products and vigorously develop ecotourism
products such as leisure and vacation tourism,
sightseeing tourism, rural tourism, health care
tourism and so on; second, adjust the industrial
structure of tourism, promote the transformation of
tourist attractions from traditional sightseeing to
complex functions, and realize the integration and
development of tourism, eco-agriculture, ecoindustry and other industries; third, taking the key
elements of tourism as the core, introduce and
cultivate a number of tourism service enterprises
with less energy consumption and pollution, and
integrate them into the whole process of tourism
activities to strengthen the environment-friendly
tourism industry system.

Improve the Legal Protection of the
Ecological Environment. The legal system has the
characteristics of standardization and compulsory,
which can directly and effectively promote the
ecological environment protection of tourism
economic zones. On the one hand, we should
strictly implement environmental laws and
regulations closely related to tourism activities; on
the other hand, combined with the actual situation
of tourist economic zone, you should formulate and
promulgate relevant and operable environmental
protection laws and regulations as soon as possible
to prevent the indulgence of ecological environment
damage caused by the absence of environmental
protection laws and regulations. Meanwhile, set up
a practical and effective law enforcement
mechanism for ecological environment protection,
to vigorously supervise and punish the activities or
actions that threaten the ecological environment
security in the process of tourism development and
tourism management.

TABLE 3
Stage of coupling coordination development, the coupling coordination degree
Coupling
degree
0.00-0.09
0.10-0.19

coordination

Extremely uncoordinated
Seriously uncoordinated

Coupling
degree
0.50-0.59
0.60-0.69

0.20-0.29

Moderately uncoordinated

0.70-0.79

0.30-0.39
0.40-0.49

Slightly uncoordinated
Nearly uncoordinated

0.80-0.89
0.90-1.00

Grade
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Barely coordinated
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Intermediately
coordinated
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development of tourism economy and ecological
environment.

Promote the Construction of Facilities for
Eco-environmental Protection: Eco-environment
is the material carrier of tourism activities, and the
quality of eco-environment has a very important
impact on tourists' experience. Therefore, every
effort should be made to improve the environmental
carrying capacity of tourist economic zone and the
quality of ecological environment. In terms of
tourism environment carrying, On the one hand, we
must regulate the intensity of tourism development
and the number of tourists, which cannot exceed the
carrying capacity of the ecological environment of
tourist economic zone; on the other hand, increase
the greening and beautification of tourist
attractions, e.g. to achieve the effect of ecological
beauty and visual beauty by planting landscape
trees, flowers, lawns and other measures. In terms
of tourist facilities, promote the use of new energy
equipment with green features, e.g. in the scenic
spot, using clean energy such as solar energy and
wind energy to generate electricity; build sufficient
number of technical ecological toilets in the tourist
attractions; use pebbles, wood and other materials
with good water permeability to lay pavement;
encourage the use of light, environmentally friendly
eco-vehicles such as bicycles, electric cars, and
hand-boating, etc.
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Province as an example to carry out in-depth excavation and analysis of agro-ecological tourism, and
further investigate its impact on the regional tourism
economy. Finally, we hope to produce meaningful
conclusions to help Shaanxi Province. The eco-tourism in the province can develop healthily, continuously and steadily [5].
Internationally, this ideology has been widely
recognized and sought after, and agro-ecological
tourism has also followed this lifestyle. For agricultural eco-tourism, the concept is generally defined as:
taking agricultural production and related life as the
main foundation, and then organically integrating
the relevant natural ecological environment and rural
production and living methods, and ultimately making the urban life Residents feel that a new era of
tourism products that combines agricultural production with life and is rich in meeting the experience
needs of urban audiences [6-8]. If you want to develop agro-ecological tourism well, you need to give
some improvements to its facilities, but at the same
time, how to obtain its funds is also a problem that
needs to be pondered. In many studies on agro-ecological tourism, agro-ecological tourism is generally
considered to be a tourism activity that relies on its
own landscape and natural scenery, plus supplementary process design and appropriate environmental
layout, as well as some supporting facilities Sexual
service equipment allows tourists to enjoy education
and experience the charm of natural scenery and hard
work. At the same time, tourists can also join a series
of picking activities, which can make contemporary
agriculture Ecotourism is recognized by many tourists.

ABSTRACT
As the foundation of our national economy, agriculture plays an important role in promoting the development of our national economy. On this basis,
agro-ecological tourism has gradually developed,
making new contributions to the growth of our national economy. Through the investigation and data
analysis, this paper takes Shaanxi Province as the research object, researches on its eco-agricultural tourism, uses data statistics to analyze it, and analyzes
and collates the data. The development of agro-ecological tourism has injected new vitality into the regional economic growth. This paper explores the impact of agro-ecological tourism on regional economic development and the agro-ecological environment by studying the impact of agro-ecological tourism on economic growth in Shaanxi Province. Advocate the government to plan agricultural eco-tourism
rationally and scientifically, and provide support and
guidance, with a view to building a harmonious ecological environment.
KEYWORDS:
Agriculture, Ecotourism,
Measures

Economic

development,

INTRODUCTION
With the gradual advancement and take-off of
society, agro-ecological tourism has become an excellent new product in the development of Shaanxi's
tourism industry, and it is also a tourism expansion
field favored by the audience in the current tourism
market [1]. Statistics show that in recent years, the
number of tourists from Shaanxi Province visiting
groups in special vegetable agricultural sightseeing
gardens has been increasing, and agricultural ecotourism has developed rapidly. But at the same time,
it cannot be ignored that there are still many problems in the development of the agricultural eco-tourism market. It includes the question of how the regional tourism economy develops quickly and
healthy [2-4]. Therefore, this article takes Shaanxi

MATERIALS AND METHODS
Through a lot of literature reading, comparative
analysis of related projects and theoretical development at home and abroad, forming a theoretical basis.
An economic model is established to analyze the
data.
Results and discussion. Contribution of agricultural ecotourism to regional economic development. Agro-ecological tourism is an effective
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way to promote rural development. Shaanxi Province is in a good state of development for agro-ecological tourism due to its rich agro-ecological tourism resources. The tourism-led rural development
route has up to now promoted the development of
regional modern agriculture in economic effects, The
adjustment of industrial structure, the employment
of farmers and the growth of the national economy
have played a huge role, effectively promoting the
rapid development of the regional economy.

Promote the adjustment of regional industrial structure. The healthy and rapid development
of agro-ecological tourism can not only promote the
prosperity of the regional economy, but also improve
people's living standards, drive the development of
related industries, and then form an industrial chain,
and finally optimize and adjust the regional industrial structure [10]. Relying on the rural ecological
environment, agro-ecological tourism integrates the
development of tourism and the interests of farmers
and contributes to the realization of a new socialist
countryside. Rural ecotourism is a new fulcrum to
promote the optimization of industrial structure and
an important supporting point for adjusting the industrial structure. With the growing development of
agricultural eco-tourism in Shaanxi Province, related
industries such as the cultivation of primary industry,
fishery, forestry, and animal husbandry, the secondary industry is mainly composed of basic industry
and processing industry, and tertiary industry. The
composition of the tourism service sector has slowly
changed. From 2014 to 2018, the changes of the
three major industrial structures in Shaanxi Province
are shown in Table 1. When agriculture develops
from a single planting system to comprehensive agriculture, it not only drives the market economy but
also promotes the circulation and sale of agricultural
and sideline products such as fruits, vegetables,
grains, and sideline industries in rural areas during
emergency seasons, thereby increasing new varieties
of grains, fruits, vegetables, and other modern cultivation techniques. The introduction and expansion
of the development of many fruit and preserved food
processing factories have promoted the development
and adjustment of the structure of the agricultural industry in the direction of high-energy, high-quality,
high-yield, ecological, safety and deep development
and processing. It can be seen that agro-ecological
tourism has strong industrial interaction and penetration. The comprehensive development of agro-ecological tourism not only extends the agricultural industry chain and enhances the exchange of information, but also helps farmers improve their marketing experience, and accordingly promotes catering
services, transportation, The rapid development of
the handicraft industry and the characteristic seed
value industry and the breeding industry have

Promote the development of regional modern agriculture. Agro-ecological tourism promotes
the continuous development of tourism through the
combination of tourism and eco-agriculture. Compared with traditional agriculture, agro-ecological
tourism places more emphasis on modern management methods and the application of modern science
and technology, which can reflect intensive and
large-scale Features, higher economic and ecological
benefits, and better value. First, the development of
agro-ecological tourism is conducive to attracting investment, and these funds are the prerequisites for
the demonstration and promotion of agricultural
technology; second, the agro-ecological tourism is
conducive to the spread of agricultural scientific
knowledge and driving the development of modern
agriculture; finally, the development of agro-ecological tourism has It is conducive to the flow of agricultural technicians, and then directly promotes the
development of modern agriculture [9]. The Weihe
Wetland Ecological Park in Shaanxi Province explores a new model of agricultural development, an
ecological agricultural tourism integrating tourism,
production and processing. At present, it has a modern greenhouse facility with a cultivation area of
80,000 m2. It cultivates high-end potted flowers
such as Phalaenopsis and cyclamen annually, with an
annual output of 1.2 million pots. It has become the
largest professional flower production demonstration base in central China and receives more than
200,000 tourists every year. The number of passengers has become a window for displaying modern
high-tech in agriculture and a paradise for agro-ecological sightseeing.

TABLE 1
The proportion of investment benefits of the three major industries in Shaanxi Province in 2017
Year
Proportion of primary industry
Proportion of secondProportion of tertiary in(%)
ary industry (%)
dustry (%)
2014
2.4
41.4
56.2
2015
2.8
40.6
56.6
2016
3.2
38.7
58.1
2017
3.3
37.3
59.4
2018
3.5
37.4
59.0
Note: The data comes from the calculation of the relevant data of "2012-2016 Shaanxi Statistical Yearbook"
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realized the transformation of agricultural resources
into tourism resources, optimized the rural industrial
structure, formed a relatively good rural industrial
cycle, and promoted the development of the rural
economy [11].

Promote the development of regional national economy. This article uses gross domestic
product (GDP) to measure the development of regional national economy. The GDP growth rate reflects the speed and law of national economic growth,
and the agricultural eco-tourism income growth rate
reflects the comprehensive development speed and
law of agricultural eco-tourism. As can be seen from
Table 2, the highest GDP growth rate of Shaanxi
Province from 2014 to 2018 was 31.1% in 2016; the
highest growth rate of agricultural eco-tourism revenue was also 54. 4% in 2016; and agricultural ecotourism The contribution rate to the national economic growth of Shaanxi Province shows a volatile
growth trend. This shows that agricultural eco-tourism plays an important role in driving the growth of
the national economy of Shaanxi Province.

Promotion of regional employment. As an
entirely new way of tourism, agro-ecological tourism will inevitably bring huge demand for human
and material resources. It includes the promotion of
local souvenirs, various folk performances, catering
services, agricultural development and related industries in the surrounding area. Each additional job in
agro-ecological tourism can increase five jobs, so the
development of agro-ecological tourism can promote regional employment. As early as the 2012
questionnaire survey on rural tourism, the proportion
of farmers engaged in tourism-related occupations
before the development of rural tourism was 0, and
the proportion of farmers engaged in tourism-related
occupations after the development of rural tourism
was 22%. Currently, Shaanxi Province is directly engaged in tourism There are 50,000 farmers in the industry and about 250,000 indirectly employed farmers. In addition, in order to meet the needs of tourists,
the number of peasants doing business has increased
by 50% compared with that before the development
of rural tourism. The development of tourism has
greatly enriched the employment opportunities and
positions in Shaanxi Province. The income of farmers in Shaanxi Province has also increased by more
than 300 times due to the development of agro-ecological tourism from 4,042 yuan/person in 2005 to
1,633,100 yuan/person in 2015 [12].

Negative impact of agro-ecological tourism
on regional economy. The development and development of agro-ecological tourism will inevitably
bring some negative impacts [13-15]. These impacts
are ultimately attributed to economic issues no matter which aspect they are aimed at. They have direct
and indirect impacts on the regional economy. To
minimize these negative effects.
Large investment in agro-ecological tourism.
Shaanxi Province has now formed eight major industries such as asparagus vegetable processing, planting seedlings, high-quality rice processing, small
product processing, livestock and poultry processing,
kudzu industry processing, tea processing and rural
leisure tourism with regional characteristics. The development of agricultural eco-tourism is mainly

TABLE 2
Three Industries Investment Benefit of Shaanxi Province in 2017
Proportion of investment in tertiary inInvestment effect coeffiIndustry category
dustry (%)
cient
Primary industry
0.06
Secondary industry
0.25
Tertiary industry (service in100
0.06
dustry investment)
Wholesale and retail invest4.0
0.23
ment
Transportation, warehousing
11.5
0.03
and postal investment
Accommodation and restaurant
1.8
0.16
investment
Financial industry investment
0.1
5.64
Real estate investment
31.3
0.02
Investment in other industries
(water conservancy environ50.3
0.07
ment and public facilities management industry investment,
etc.)
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concentrated in the central rural areas and northern
mountain areas with better natural resources, the regional agglomeration radiation capacity is weaker. In
recent years, in order to expand agro-ecological tourism, Shaanxi Province has invested more than 8 billion yuan to comprehensively upgrade tourism infrastructure (Figure 1 and Figure 2). Among them, various investments in 2012 were nearly 1 billion, of
which 580 million were used to expand the tourist
roads in the region, 110 million to build bridges, and
150 million to create tourism. The entrance service
area and 50 million yuan have established Shaanxi
Provincial Tourism Distribution Center, etc (Figure
3). The government has invested 10 million yuan annually to provide support and incentives for scenic
spots, restaurants, and farming businesses; Shaanxi
Province invested 5 million yuan to build a smart
tourism complaint supervision platform in 2015 And

by the end of 2015, the government invested 20 million yuan to build tourist star toilets to improve the
quality of tourism; in 2016, another 5 million was
invested to build an early warning system for scenic
area carrying capacity.
Farmers' uneven distribution of benefits in
agro-ecological tourism. Shaanxi Province is an
important tourist destination in Central China. According to Hubei Daily, Shaanxi Province's tourism
revenue reached 7.2 billion yuan in 2016. Farmers
are the original providers of agro-ecological tourism,
and the distribution of benefits is the ultimate goal of
the development of agro-ecological tourism. The
level of the benefits distributed directly affects the
enthusiasm and quality of participation. Since social
and ecological benefits are difficult to quantify,

FIGURE 1
Fengdong Agricultural Expo Park, Xixian New District

FIGURE 2
Jinghe New City Smart Agriculture Park
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FIGURE 3
Innovation Park in Yangling Demonstration Zone
tourism The results of economic benefits represent
the distribution of benefits. From the perspective of
the whole region, farmers in Shaanxi Province have
generally shown a trend of benefit and harmonious
progress during the development of agro-ecological
tourism [16]. According to statistics, the annual land
lease payments paid to farmers by various scenic
spots amounted to 86.5 million yuan, and all the poor
farmers engaged in tourism-related industries have
also been lifted out of poverty. However, the opportunities for the distribution of farmers' interests in
different regions are uneven. Even in the same village, the differences in farmers' living positions and
orientations can also lead to differences in the final
interests. For example, in Guantian Village, Shaanxi
Province, farmers self-built houses near the center of
the scenic area are used to sell tourism products and
catering, and the benefits are higher, while farmers
self-built houses located a few hundred meters away
from the scenic area are used for accommodation,
and profits are reduced. The scenic spot is far away.
Due to its poor location, the farmers’ benefits in
agro-ecological tourism are reduced. As a result, the
farmers’ enthusiasm for participating in the tourism
is not high, and they even resist [17].

to the survey report on tourism development in
Shaanxi Province, Shaanxi Province had 10.07 million tourists in 2013, 15 million in 2015, more than
18 million in 2016, and only 500,000 tourists on
New Year’s Day in 2017. The arrival of a large number of tourists will inevitably damage the ecological
environment while creating tourism revenue. Ecological compensation is for the continued supply of
positive ecological benefits and fewer negative ecological benefits. Its essence is an economic incentive
to promote the continuous supply of ecological benefits, the effective use of resources and the distribution of benefits. When the social and economic development of a region consumes more ecological
value than its own ecological supply, that is, it occupies the ecological value of other regions, it should
be compensated with part of the achievements of social and economic development. In addition, a comparative analysis of the six remote urban areas in
Wuhan was conducted through the ecological environment response indicators. The human environment response is a positive indicator. The larger the
data, the higher the human environment response
and the greater the contribution to the ecological and
environmental health. The environmental response is
not high and needs to be further improved [19].

The destruction of agricultural ecological
environment indirectly affects regional economy.
As we all know, on the one hand, the development of
agro-ecological tourism depends on the natural rural
ecological environment; on the other hand, the quality of the ecological environment will directly affect
the progress of agro-ecological tourism. The agricultural eco-environment is weak, and once destroyed,
it is difficult to recover. Agricultural eco-tourism
scenic spots have certain capacity limits. Once the
pressure they can withstand is exceeded, the ecological environment is naturally destroyed. According

Suggestions for developing agro-ecological
tourism. Promote the harmonious development of
economy, society and environment. High-pollution
and high-consumption industries such as chemicals,
building materials, power generation and metal processing; industries with low added value and weak
competitiveness such as processing and manufacturing industries should be strictly restricted to areas
with good natural ecological resources such as the
northern and central parts of Shaanxi Province.
However, the development of the regional economy
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requires that the three major industries go hand in
hand. Therefore, from the actual situation of Shaanxi
Province, relying on its own resources to develop the
urban agricultural industry in the east, the airport
economy industry in the west, the logistics industry
in the south, and the eco-tourism industry in the
north, insist The coordinated development of
Shaanxi Province's economy, society and environment. Develop agro-ecological tourism to maintain
the integrity of agro-ecology as much as possible, integrate tourism resources and agriculture, and establish a resource-saving and environment-friendly
agro-ecological tourism industry.

pant of agro-ecological tourism, the level of eco-environmental awareness of tourists is directly related
to the sustainability of agro-ecological tourism resources, such as the promotion of eco-awareness
awareness in the production of tickets and scenic
brochures, and the adoption of warnings in eco-tourism scenic spots The form of cards and broadcasting
warns tourists of the important value of eco-tourism
resources and the serious consequences caused by
the destruction. Only when the overall awareness of
eco-environmental protection of citizens is improved
can the protection of the environment be truly realized.

Government support and guidance, scientific planning of tourism. In recent years, the development of agro-ecological tourism in Shaanxi Province has been rapid, but the sustainable development
of agro-ecological tourism has high requirements on
the tourism carrying capacity and natural ecological
indicators of scenic spots. These all need the support
and guidance of government scientific research institutions. There is a critical value for tourism carrying
capacity. Exceeding this value will adversely affect
the scenic area and tourists. Researchers should estimate the maximum capacity of the scenic environment based on the theory of tourism carrying capacity and give corresponding control measures to ensure that agricultural eco-tourism is a regional economic development zone. Come to contribute. In the
development of agro-ecological economy, relevant
government departments have formulated corresponding system measures to standardize relevant
responsible behaviors, and at the same time protect
the legitimate rights and interests of farmers, and
provide a good policy environment for the development of agro-ecological tourism. On the other hand,
ensuring the coordinated development of agro-ecological tourism is inseparable from scientific and effective planning and the establishment of a scientific
tourism management system.

CONCLUSION
The development of agro-ecological tourism itself has the problem of insufficient depth, but as long
as reasonable planning and layout are carried out in
accordance with different regions, and then a reasonable division of labor can be conducted, its significant value can be tapped, thereby ensuring the sustainable development of agro-ecological tourism,
thus Promote the sustainable development of the regional economy. To ensure the economic benefits of
tourism resources. What we have to do is to maintain
the ecological connotation of agro-ecological tourism at all times, and we cannot focus our attention
only on economic benefits, otherwise we will lose
the gains. One is that agricultural eco-tourism cannot
lose its roots. Natural return and eco-green should be
used as publicity slogans, so that tourists can temporarily leave the hustle and bustle of the city and enjoy
the natural pastoral scenery. The most benefit is the
relaxation and feeling of the soul; eco-tourism can
also be regarded as As an environmental protection
propaganda class, the entire ecological protection
awareness is carried out throughout the tourism process, so that tourists can be educated in a subtle way
to maximize social benefits; the second is to establish and improve the agricultural eco-tourism supervision and management system before the construction of eco-tourism projects A risk assessment must
be carried out to confirm the content, depth and tolerable range of transformation. The agro-ecological
supervision department should scientifically confirm
whether its destruction and reconstruction of nature
are consistent and consistent according to the project
construction and operation. If the damage is too large,
it must be stopped in time . In fact, the transformation and development of the agro-ecological environment itself is a kind of destruction, but the development and reconstruction must be carried out
simultaneously to ensure that the two can be balanced in order to effectively avoid the impact of various natural transformation factors.

Cultivating and raising awareness of agricultural ecology and environmental protection.
The main body of rural ecological environmental
protection in agricultural eco-tourism is farmers, but
due to the limited level of rural economic development, most farmers’ living standards still need to be
improved, which hinders the formation of farmers’
ecological awareness, so farmers must be improved
through training and education. The eco-environmental awareness is mainly through the development
of rural environmental protection education to improve farmers’ ecological awareness and strengthen
farmers’ ecological behavior. Secondly, developers
of agro-ecological tourism, such as tourism operators and tourism practitioners. Finally, as a partici-
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ABSTRACT

INTRODUCTION

At present, China’s eco-tourism has entered a
golden development period. Ecotourism emphasizes the protection of the environment of tourist destinations, which is in line with the requirements of
ecological civilization construction. Strengthening
the construction of ecological civilization also has a
positive impact on the development of ecotourism.
Overseas studies on ecotourism are earlier, with a
wide range of research and rich results. There are
few studies on the construction of ecological civilization, but there are many studies on ecology and
few studies on the relationship between the two.
Although domestic scholars' research on ecotourism
started late, it has developed rapidly, and currently
has a complete theoretical system. There are also a
large number of studies on the construction of ecological civilization. The study of the symbiotic relationship between tourism and the environment in
the region can be destination ecotourism Provide a
scientific basis for sustainable development. This
paper takes Inner Mongolia as the research object,
constructs a comprehensive evaluation index system of ecotourism and ecological civilization, and
analyzes the law of coupling and coordination between ecotourism and ecological civilization in
Inner Mongolia by means of the coupling coordination model. The results show that: from the perspective of the specific coordination content, it
shows different levels of differentiation, with three
types of mild imbalance, basic coordination, and
moderate coordination. The integration of ecotourism and ecological civilization needs to be improved. On the basis of the research conclusions,
suggestions for the development of ecotourism in
Inner Mongolia were put forward, with a view to
providing a reference basis for promoting the
healthy development of ecotourism.

The concept of ecotourism was put forward in
1983 and introduced into my country in 1992. In
1995, my country first advocated the development
of eco-tourism activities, marking the initial development of eco-tourism in my country. The "Chinese
Eco-Environmental Tour Year" in 1999 was a localized exploration of the combination of ecology
and tourism in my country [1]. The "Chinese Ecotourism Year" in 2009 greatly promoted the development of ecotourism in my country. Since the 18th
National Congress of the Communist Party of China, my country has been committed to transforming
the advantages of the ecological environment into
the advantages of the ecological economy [2]. The
tourism industry with less pollution and high profits
is meeting its requirements. After that, the country
attached great importance to the development of
eco-tourism and successively promulgated a series
of laws and plans: the "13th Five-Year Plan of the
Central Committee of the Communist Party of
China on Formulation of National Economic and
Social Development" in 2015, and the "China
Eco-tourism Development Plan" promulgated in
2016 (2016-2025)", the 19th National Congress of
the Party in 2017 also mentioned eco-tourism many
times [3-6]. The "China Ecotourism Development
Report" and "China Ecotourism Big Data Report"
issued in 2018 pointed out that China's ecotourism
has entered a golden development period [7-10].
Eco-tourism is based on the concept of sustainable development, takes the protection of the
ecological environment as the principle, aims at
coordinating the harmonious development of people and nature, and relies on a good natural ecological environment in an eco-friendly way to carry out
various forms of tourism activities. As an important
part of the construction of ecological civilization,
ecotourism plays a very important role in promoting regional economic growth and protecting the
ecological environment. With the advent of the era
of mass leisure tourism, the main body of tourism
participants is developing towards a multi-level.
The problem of tourists' different perceptions and
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weak environmental awareness has become the
main contradiction between the development of
ecotourism and the protection of the environment,
which has caused damage to many tourist environments and threatened the normal conduct of ecotourism activities [11].
The concept of "ecological civilization" was
clearly put forward by Chinese famous ecologist Ye
Qianji in 1987. Ma Shijun and Wang Rusong published an article entitled "Social-Economic-Natural
Composite Ecosystem" in the Journal of Ecology in
1984. The article pointed out that major social
problems in modern times are directly or indirectly
related to social, economic and natural systems. It
has become the most widely influential theory in
the construction of ecological civilization in China.
Since then, academic circles have paid more and
more attention to ecological civilization and
achieved fruitful results. Scholars have different
understandings of the meaning of "ecological civilization" [12].
Ecological civilization refers to the sum of
material and spiritual achievements that human
beings follow in accordance with the objective law
of harmonious development of man, nature and
society; refers to the harmonious coexistence of
human and nature, human and human, human and
society, virtuous circle, comprehensive development, The ethical form of culture with sustained
prosperity as its basic purpose [13].
Ecological civilization is a form of human civilization. It is based on the premise of respecting
and maintaining nature, with the purpose of harmonious coexistence between people, between people
and nature, between people and society, and with
the connotation of establishing sustainable production and consumption methods. Focus on guiding
people to a sustainable and harmonious development path. Ecological civilization emphasizes human consciousness and self-discipline, and emphasizes the interdependence, mutual promotion and
coexistence of human and natural environment. It
pursues not only the harmony between man and
ecology, but also the harmony between man and
man. The premise of natural harmony. It can be said
that ecological civilization is the result of human's
deep reflection on traditional civilization forms,
especially industrial civilization. It is a major progress in human civilization forms and civilization
development concepts, roads and models [14].
Therefore, grasping the development trend of
ecotourism and ecological civilization and balancing the relationship between the two are an important part of achieving sustainable development
of ecotourism. Scholars at home and abroad have
conducted relevant research on ecotourism. Foreign
scholars have focused on the relationship between
ecotourism and the sustainable development of

ecological civilization, studying the impact of tourism activities on the natural environment and proposing solutions. Domestic scholars' research on
ecotourism focuses on tourism, environment, and
economy, and the research relationship involves the
cross-effect between the three. The research method
has been reformed. On the basis of a large amount
of empirical research, the mathematical model is
constructed to carry out the research in a quantitative way [15].
Based on the above literature review, domestic
and foreign scholars have conducted a lot of empirical analysis of the development of ecotourism. The
research methods are becoming more mature, the
research perspective is relatively new, and the research content focuses on the coupling and coordinated development of various tourism elements.
The scope of ecotourism and ecological civilization
construction is very wide. Ecotourism involves
ecological resources, ecological environment and
other aspects. The construction of ecological civilization includes ecological awareness civilization,
ecological system civilization, and ecological behavior civilization. The coordinated development of
ecological tourism and ecological civilization is to
ensure ecological tourism The key to the smooth
progress of the event. In order to promote the
high-quality development of ecotourism, solve the
contradiction between tourism and ecological civilization, and make up for the lack of coordination
between ecotourism and ecological civilization, this
study takes Inner Mongolia as a research area and
studies ecotourism based on the coupling mechanism of ecotourism and ecological civilization The
coupling and coordination relationship with ecological civilization, on this basis, put forward suggestions to promote the harmonious development of
ecological tourism and ecological civilization in
Inner Mongolia, in order to provide guidance and
reference for the healthy development of ecological
tourism in Inner Mongolia.

MATERIALS AND METHODS
Document analysis. On the basis of research
on the status quo, focus on consulting domestic and
foreign literature, journals, yearbooks and other
materials related to ecotourism, ecological civilization construction, and the relationship between
ecotourism and ecological civilization construction,
and summarize and summarize existing research
results at home and abroad, formed the theoretical
basis of this study, determined the direction of the
research of the thesis, studied the coupling relationship between ecotourism and ecological civilization construction with less research, and constructed ecotourism and ecology through analysis of
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existing research evaluation index system of the
coupling relationship of civilization construction.

the data, we need to subtract the minimum value
from the original data, because of ecotourism and
ecological civilization The development of the construction system is constantly advancing, so its indicators will develop in a better direction, which
makes most of the indicators in 2011 the minimum
value of the five-year original data, so after standardizing the original indicators, many indicators in
2011 0, leading to a low degree of coupling between ecotourism and ecological civilization construction in 2011, which is also the reason why the
degree of coupling coordination between 2011 and
2015 is quite different. At the same time, the intensity of ecotourism and ecological civilization construction was increased in 2015. The proportion of
ecological townships increased from 28% to 79% in
11 years, and the harmless treatment rate of urban
and rural domestic waste also increased significantly, from 77.6% to 97.8 %, the total income of
eco-tourism has also increased significantly, making the coupling coordination degree in 2015 have a
substantial increase compared with 2011. It is an

Model building. Coupling coordination. The
coupling coordination degree can reflect the level
of collaborative development between ecotourism
and tourism environment. According to the existing
research, the coupling coordination degree model D
of the two systems is constructed.

RESULTS AND DISCUSSION
From Figures 1 to 4, we can see that from
2011 to 2019, the degree of coupling between ecotourism and the construction of ecological civilization is increasing, from the near-coupling coupling
in 2011 to the intermediate coordination in 2017.
The coupling is getting better and better. The reason
why the degree of coupling in 2011 is on the verge
of imbalance is that we are standardizing the original data in the analysis process. When normalizing

FIGURE 1
Surface Plot of Coordinate degree vs D, C

FIGURE 2
Surface Plot of Coordinate degree vs D, B
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FIGURE 3
Surface Plot of Coordinate degree vs C, B

FIGURE 4
Surface Plot of Coordinate degree vs D, A
intermediate coordination. The coupling coordination degree has increased year by year in 2015, and
the primary coordination has been changed to intermediate coordination in 2017. Mainly due to the
government's emphasis on eco-tourism. In 2017, the
average cost of eco-tourists and the total income of
eco-tourism increased significantly, the net income
per capita of rural residents gradually increased,
and the eco-economy further developed.
Judging from the data we have collected and
the current situation in Inner Mongolia (Fig.5 and
6), adhere to the establishment of an ecological
province, continue to expand the construction of
biogas and the cultivation of pollution-free fruits,
establish a "trinity" development model, and continue to extend to processing and tourism, has now
formed "Five in One" development model. In recent
years, the government of the autonomous region
has actively responded to national policies, committed to transforming its environmental advantages into economic advantages, and vigorously
developing eco-tourism. Therefore, in recent years,
the coupling of eco-tourism and eco-civilization

construction has developed well. However, through
the analysis of the original data and weights: the
current abundance of eco-tourism is low. Although
there are large-scale activities, the tourists attracted
are mostly seasonal tourists, and most of the tourists are day trips, which leads to ecological The
average stay time of tourist tourists is shorter and
the average cost is lower. The number of
eco-tourists has risen rapidly in recent years, but
their tourist time is basically concentrated in the
time of festival activities, and there are fewer tourists in usual times; many villages use existing resources to carry out tourism activities And most of
them are private contracting, which leads to more
homogenization of tourism resources, lack of unified management and corresponding planning;
some infrastructures are still relatively backward
and need to be further improved; the promotion of
ecological knowledge, community participation and
other indicators, although the current development
It has been good, but due to its higher weight, it
needs to be further strengthened and improved.
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FIGURE 5
Surface Plot of Coordinate degree vs C, A

FIGURE 6
Surface Plot of Coordinate degree vs B, A
Coupling development path of ecotourism
and
ecological
civilization
construction.
Strengthen the role of government guidance and
regulation. The government plays a huge role in
the construction of eco-tourism and ecological civilization. The development of various indicators at
the sub-criteria level is inseparable from the guidance and regulation of the government. The government should pay attention to the protection of
the ecological environment, and should penetrate
the ecology into all aspects of economic, cultural,
and institutional construction. The government
should integrate the ecological concept into the
construction to coordinate the construction project
with the local natural environment. During the project construction, the damage to nature should be
minimized. At the same time, the government
should impose publicity efforts. During the
off-season, the government can formulate some
preferential policies to attract tourists. It can also
launch some popular tourist routes to create tourism
influence and establish Gongcheng’s own tourism
brand and image. The government can also formu-

late relevant policies to regulate the behavior of
ecotourists and ecotourism, improve people’s ecological awareness, and strengthen the protection of
the ecological environment. The government’s
macro-control plays an important role in the coupling development of ecotourism and ecological
civilization construction. .
Preparation of eco-tourism related plans.
Eco-tourism planning is very important for
eco-tourism destinations, so that blind development
can avoid damage to the local natural environment.
As the current development of ecotourism has
brought huge economic benefits, many enterprises
and local residents are eager to start using local
resources to develop tourism. Blind development
will only lead to the similar lack of competitiveness
of tourism products and the destruction of environmental resources. Therefore, tourism companies
and local residents should formulate relevant plans
when developing tourism products, and develop
them rationally according to the characteristics of
the development area. The government should also
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strengthen the supervision of the development of
tourism projects to prevent blind development from
occurring and are vulnerable to some environments.
Or key ecological zones, special protection should
be done. The planning should be carried out
through ecological awareness, try to retain the
original local style and reduce the damage to the
natural environment, the products used should also
be green and environmentally friendly, and the style
of the building should be coordinated with the local
style. Reasonable planning can promote the coupling of ecotourism and ecological civilization development in a more coordinated direction.

rounding environment. Therefore, to strengthen the
environmental awareness of local residents, you can
use the reward and punishment system or divide
responsibilities, etc. Ways to strengthen residents’
awareness of the protection of the local environment. The eco-tourism industry should undertake
the guidance and education of eco-tourists, improve
the eco-consciousness of tourists, and also pass the
concept of ecology to tourists through scenic spots
and services. Schools should set up ecology-related
courses to strengthen the education of students’
ecological awareness, so that students can establish
a good ecological concept from an early age.

Strengthen the construction of infrastructure. At present, the government pays attention to
the hardening of roads and basically realizes village-to-village communication, but some villages or
villages are far away from the main roads, and there
are few public transportation lines, resulting in
many villagers needing to walk for half an hour. In
order to reach the main road, the government
should increase investment in public transportation,
which can not only bring convenience to local residents, but also attract more tourists to come and
play. The government can establish a dedicated bus
line between attractions and attractions , Not only
can facilitate tourists to play but also attract tourists
to other attractions, increase the number of tourists
in various scenic spots, convenient public transportation can reduce tourists’ own driving, reduce local
environmental pollution, and do not need to take
out a lot of land to establish parking Field, alleviating the problem of land tension. The construction of
the infrastructure of tourist destinations not only
meets the needs of tourists and improves the satisfaction of tourists, but also provides convenience
for local residents to live, thereby speeding up the
process of ecological civilization construction.

CONCLUSIONS
This paper takes Inner Mongolia as the research object, constructs a comprehensive evaluation index system of ecotourism and ecological
civilization, and analyzes the law of coupling and
coordination between ecotourism and ecological
civilization in Inner Mongolia by means of the coupling coordination model. The results show that:
from the perspective of the content of the specific
coordination degree, there are different levels of
differentiation, with three types of mild imbalance,
basic coordination, and moderate coordination. The
integration of ecotourism and ecological civilization needs to be improved. On the basis of the research conclusions, suggestions for the development of ecotourism in Inner Mongolia were put
forward, with a view to providing a reference basis
for promoting the healthy development of ecotourism.
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Strengthen the education of ecological
awareness. People's ecological awareness is very
important for ecotourism and the construction of
ecological civilization. A good ecological awareness can allow ecotourists to pay attention to the
protection of the environment in the process of
playing. The ecotourism industry will pay more
attention to ecology when developing tourism
products. Residents of ecotourism destinations will
also raise awareness of the protection of the local
natural environment. Therefore, the government can
improve people's ecological awareness by
strengthening ecological awareness publicity, conducting ecological awareness education courses,
and lectures. Through field research, we found that
most local residents have a sense of environmental
protection, but they often become self-restricted,
and have a poor sense of protection for the sur-
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FOHDQ FRDO WHFKQRORJ\ ,*&&  DQG FDUERQ GLR[LGH
FDSWXUHDQGVWRUDJHWHFKQRORJ\ &&6 HWF7KHORZ
FDUERQ LQGXVWULDO V\VWHP LQFOXGHV WKHUPDO SRZHU
HPLVVLRQ UHGXFWLRQ QHZ HQHUJ\ YHKLFOHV HQHUJ\
VDYLQJEXLOGLQJVLQGXVWULDOHQHUJ\FRQVHUYDWLRQDQG
HPLVVLRQ UHGXFWLRQ FLUFXODU HFRQRP\ UHVRXUFH
UHF\FOLQJ HQYLURQPHQWDO SURWHFWLRQ HTXLSPHQW
HQHUJ\VDYLQJPDWHULDOVHWF>@
7KHVWDUWLQJSRLQWRIDORZFDUERQHFRQRP\LV
WRFRXQWFDUERQVRXUFHVDQGFDUERQIRRWSULQWV7KHUH
DUH WKUHH LPSRUWDQW VRXUFHV RI FDUERQ GLR[LGH
$PRQJWKHPWKHPRVWLPSRUWDQWVRXUFHRIFDUERQ
GLR[LGHLVWKHUPDOSRZHUHPLVVLRQVDFFRXQWLQJIRU
RIWKHWRWDOFDUERQGLR[LGHHPLVVLRQVWKHIDVWHVW
JURZLQJ LV DXWRPRELOH H[KDXVW HPLVVLRQV

DFFRXQWLQJIRUHVSHFLDOO\LQ&KLQD,QWKHFDVH
RIWKH8QLWHG6WDWHVWKLVSUREOHPLVEHFRPLQJPRUH
DQGPRUHVHULRXVFRQVWUXFWLRQHPLVVLRQVDFFRXQWIRU
 ZKLFK VWHDGLO\ LQFUHDVHV ZLWK WKH QXPEHU RI
KRXVHV &RQQRWDWLRQ ORZFDUERQ HFRQRP\ ,W LV DQ
HFRQRPLF PRGHO WKDW DFKLHYHV ORZFDUERQ
GHYHORSPHQW LQ D VHULHV RI VRFLDO DFWLYLWLHV IURP
SURGXFWLRQ FLUFXODWLRQ WR FRQVXPSWLRQ DQG ZDVWH
UHF\FOLQJ6SHFLILFDOO\ ORZFDUERQ HFRQRP\ UHIHUV
WRWKHFRQFHSWRIVXVWDLQDEOHGHYHORSPHQWWKURXJK
WKH FRQFHSW RI LQQRYDWLRQ  7HFKQRORJLFDO
LQQRYDWLRQ LQVWLWXWLRQDO LQQRYDWLRQ LQGXVWULDO
VWUXFWXUH LQQRYDWLRQ EXVLQHVV LQQRYDWLRQ QHZ
HQHUJ\GHYHORSPHQWDQGXWLOL]DWLRQDQGRWKHUPHDQV
WRLPSURYHWKHHIILFLHQF\RIHQHUJ\SURGXFWLRQDQG
XVH LQFUHDVH WKH SURSRUWLRQ RI ORZFDUERQ RU QRQ
FDUERQIXHOSURGXFWLRQDQGXWLOL]DWLRQDQGPLQLPL]H
7KH FRQVXPSWLRQ RI KLJKFDUERQ HQHUJ\ VRXUFHV
VXFK DV FRDO DQG RLO ZKLOH DFWLYHO\ H[SORULQJ WKH
5 'DQGXWLOL]DWLRQRIFDUERQVWRUDJHWHFKQRORJLHV
WRDFKLHYHWKHJRDORIVORZLQJGRZQWKHJURZWKRI
DWPRVSKHULF &2 FRQFHQWUDWLRQ DQG XOWLPDWHO\
DFKLHYHDZLQZLQVLWXDWLRQRIHFRQRPLFDQGVRFLDO
GHYHORSPHQW DQG HFRORJLFDO SURWHFWLRQ RI DQ
HFRQRPLFGHYHORSPHQWPRGHO>@

D

E
),*85(
*URZWKUDWHRIFDUERQHPLVVLRQ &( 
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7KH VXVWDLQDEOH GHYHORSPHQW RI HFRORJLFDO
UHVRXUFHVIRUDORZFDUERQHFRQRP\LVRQWKHRQH
KDQG DFWLYHO\ DVVXPLQJ HQYLURQPHQWDO SURWHFWLRQ
UHVSRQVLELOLWLHVDQGIXOILOOLQJWKHUHTXLUHPHQWVRI
QDWLRQDO HQHUJ\ FRQVHUYDWLRQ DQG FRQVXPSWLRQ
UHGXFWLRQWDUJHWVRQWKHRWKHUKDQGLWLVWRDGMXVWWKH
HFRQRPLF VWUXFWXUH LPSURYH HQHUJ\ HIILFLHQF\
GHYHORS QHZ LQGXVWULHV DQG EXLOG DQ HFRORJLFDO
FLYLOL]DWLRQ 7KLV LV D UHDOLVWLF ZD\ WR DEDQGRQ WKH
SUHYLRXV GHYHORSPHQW PRGHO RI SROOXWLRQ ILUVW
JRYHUQDQFHILUVWORZHQGVHFRQGKLJKHQGILUVWWKHQ
H[WHQVLYHILUVWDQGWKHQLQWHQVLYH,WLVDQLQHYLWDEOH
FKRLFH WR DFKLHYH D ZLQZLQ VLWXDWLRQ EHWZHHQ
HFRQRPLFGHYHORSPHQWDQGUHVRXUFHHQYLURQPHQWDO
SURWHFWLRQ >@ 7KH ORZFDUERQ HFRQRP\ LV DQ
HFRQRPLFPRGHOEDVHGRQORZHQHUJ\FRQVXPSWLRQ
ORZSROOXWLRQDQGORZHPLVVLRQV,WLVDQRWKHUPDMRU
SURJUHVV LQ KXPDQ VRFLHW\ DIWHU DJULFXOWXUDO
FLYLOL]DWLRQ DQG LQGXVWULDO FLYLOL]DWLRQ 7KH HVVHQFH
RIWKHORZFDUERQHFRQRP\LVWKHLVVXHRIHIILFLHQW
HQHUJ\ XVH FOHDQ HQHUJ\ GHYHORSPHQW DQG WKH
SXUVXLWRIJUHHQ*'37KHFRUHLVWKHIXQGDPHQWDO
WUDQVIRUPDWLRQ RI HQHUJ\ WHFKQRORJ\ DQG HPLVVLRQ
UHGXFWLRQWHFKQRORJ\LQQRYDWLRQLQGXVWULDOVWUXFWXUH

DQG LQVWLWXWLRQDO LQQRYDWLRQ DQG WKH FRQFHSW RI
KXPDQ VXUYLYDO DQG GHYHORSPHQW 7KH EDFNJURXQG
VHW E\ WKH ORZFDUERQ HFRQRP\ LV D VHULRXV
FKDOOHQJH WR KXPDQ VXUYLYDO DQG GHYHORSPHQW
FDXVHGE\JOREDOZDUPLQJ


0$7(5,$/6$1'0(7+2'6

/LWHUDWXUH&DUGLQJ,QGXFWLRQ%DVHGRQWKH
H[LVWLQJ UHVHDUFK WKLV SDSHU VRUWV RXW DQG
VXPPDUL]HV WKH UHOHYDQW UHVHDUFK RQ ILQDQFLDO
VXSSRUW IRU ORZ FDUERQ E\ GRPHVWLF DQG IRUHLJQ
VFKRODUV E\ FROOHFWLQJ FROODWLQJ DQG UHDGLQJ
OLWHUDWXUH

$QDO\WLFDO PHWKRG FRPELQLQJ TXDOLWDWLYH
DQGTXDQWLWDWLYH7KLVDUWLFOHQRWRQO\WKHRUHWLFDOO\
DQDO\]HVWKHPHFKDQLVPRIILQDQFLDOVXSSRUWIRUWKH
GHYHORSPHQW RI ORZFDUERQ HFRQRP\ EXW DOVR
FRQGXFWV DQ HPSLULFDO PRGHO WHVW WKURXJK GDWD WR
TXDQWLWDWLYHO\ DQDO\]H WKH UROH RI ILQDQFH LQ WKH
GHYHORSPHQWRIORZFDUERQHFRQRP\

D

E
),*85(
*URZWKUDWHRI*'3
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WKHQHZQRUPDORIHFRQRPLFGHYHORSPHQWDQGVWULNH
D EDODQFH EHWZHHQ HFRQRPLF JURZWK DQG
HQYLURQPHQWDOLPSURYHPHQW

(YDOXDWLRQ DQG DQDO\VLV RI FRRUGLQDWHG
GHYHORSPHQW%HIRUHWKHOHYHORIFRRUGLQDWHG
GHYHORSPHQWZDVLQDVWDWHRIPRGHUDWHLPEDODQFH
)LJ 7KHUHSRUWRIWKHWK1DWLRQDO&RQJUHVVRI
WKH&RPPXQLVW3DUW\SXWIRUZDUGWKHGHYHORSPHQW
FRQFHSW RI EXLOGLQJ DQ HFRORJLFDO FLYLOL]DWLRQ
6LQFH  WKH OHYHO RI FRRUGLQDWHG GHYHORSPHQW
DPRQJ YDULRXV VXEV\VWHPV KDV FKDQJHG IURP
PRGHUDWHO\ LPEDODQFHG %HFRPHV DQ LPPLQHQW
LPEDODQFHDQGEHFRPHVDQLPSRUWDQWWXUQLQJSRLQW
WKH FRRUGLQDWHG GHYHORSPHQW OHYHO LQ WKH 7ZHOIWK
)LYH<HDU3ODQLVJUDGXDOO\FKDQJHGIURPSULPDU\
FRRUGLQDWLRQWRPRGHUDWHFRRUGLQDWLRQLQZKLFK
WKHFRRUGLQDWHGGHYHORSPHQWOHYHORIWKHHFRQRPLF
DQG HQYLURQPHQWDO VXEV\VWHPV ODJV EHKLQG DQG
WKHUH LV D VHULRXV GLVRUGHU VWDWH WKH OHYHO RI
FRRUGLQDWHG GHYHORSPHQW LV ORZ WKH OHYHO RI
FRRUGLQDWHGGHYHORSPHQWLQWKHLQLWLDOSHULRGRIWKH
WK )LYH<HDU 3ODQ KDV EHHQ IXUWKHU LPSURYHG
EDVLFDOO\WRPRGHUDWHFRRUGLQDWLRQHVSHFLDOO\WKH
HQHUJ\ DQG HFRQRPLF VXEV\VWHPV KDYH UHDFKHG
*RRGFRRUGLQDWLRQ

5(68/76$1'',6&866,21

,WLVVHHQIURP)LJDQG)LJ*XDQJGRQJ¶VFDUERQ
HPLVVLRQV LQ WKH QLQH \HDUV IURP  WR 
VKRZHG DQ RYHUDOO XSZDUG WUHQG IURP 
PLOOLRQ WRQV LQ  WR  PLOOLRQ WRQV LQ
*XDQJGRQJ VUDSLGHFRQRPLFGHYHORSPHQWLV
FORVHO\UHODWHG:LWKWKHLQWURGXFWLRQRIDVHULHVRI
PHDVXUHVWRGHYHORSDORZFDUERQHFRQRP\DQGWKH
XVHRIUHODWHGWHFKQRORJLHVLQ*XDQJGRQJDOWKRXJK
FDUERQHPLVVLRQVDUHVWLOOLQFUHDVLQJWKHJURZWKUDWH
RI FDUERQ HPLVVLRQV KDV EHHQ GHFOLQLQJ DJDLQ 7KH
JURZWK UDWH RI FDUERQ HPLVVLRQV KDV GURSSHG IURP
LQWRLQ,QSDUWLFXODULWLV
ZRUWK QRWLQJ WKDW WKH *'3 JURZWK UDWH RI RXU
SURYLQFHLQZDVORZHUWKDQWKHFDUERQHPLVVLRQ
JURZWKUDWHDQGUHVSHFWLYHO\6LQFH
WKHFDUERQHPLVVLRQJURZWKUDWHKDVVKRZQD
WUHQGWKDWLVVLJQLILFDQWO\ORZHUWKDQWKH*'3JURZWK
UDWH $QQXDOO\ UHDFKHG  DQG  7KLV
VKRZV WKDW *XDQJGRQJ LV FKDQJLQJ IURP WKH SDVW
HOHPHQW GULYHQ GHYHORSPHQW PRGHO WR LQQRYDWLRQ
GULYHQGHYHORSPHQWPRGHO+RZHYHULWVKRXOGDOVR
EH QRWHG WKDW WKH JURZWK UDWH RI FDUERQ HPLVVLRQV
LQFUHDVHG LQ  ZLWK WKH JURZWK RI *'3 ZKLFK
UHTXLUHV*XDQJGRQJWRDGDSWWRWKHUHTXLUHPHQWVRI

D

E
),*85(
&RQWRXU3ORWRI&RRUGLQDWHGGHYHORSPHQW
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>@+DQ6=KX-  5HVHDUFKRQWKHG\QDPLF
UHODWLRQVKLS RI WKH (QHUJ\(FRQRP\(QYLURQ
PHQW ( V\VWHPEDVHGRQDQHPSLULFDODQDO\
VLVRI&KLQD(QHUJ\3URFHGLD
>@;X 6& =KDQJ 44 +H =; /RQJ 5<
&KHQ+  'HFRXSOLQJDQDO\VLVRIHQHUJ\
UHODWHG&2(PLVVLRQVIURPHFRQRPLFJURZWKDW
GLIIHUHQWVWDJHVLQ&KLQD)UHVHQ(QYLURQ%XOO
  
>@3LDR 0- /L <3 +XDQJ *+  
'HYHORSPHQW RI D VWRFKDVWLF VLPXODWLRQ
RSWLPL]DWLRQPRGHOIRUSODQQLQJHOHFWULFSRZHU
V\VWHPV  $ FDVH VWXG\ RI 6KDQJKDL &KLQD
(QHUJ\&RQYHUVLRQDQG0DQDJHPHQW

>@/LX0<DQJ66=KDQJ.;/L--/LX
+< 'DL <-   7KH VWXG\ RI VPDUW
JURZWK RI VDOW ODNH FLW\ DQG QRWWLQJKDP FLW\
XVLQJWKHHQWURS\PHWKRGWRH[SORUHWKHVRFLDO
HQYLURQPHQW DQG HFRQRPLF FKDQJHV )UHVHQ
(QYLURQ%XOO  
>@&KHQ</:DQJ==KRQJ=4  &2
HPLVVLRQV HFRQRPLF JURZWK UHQHZDEOH DQG
QRQUHQHZDEOH HQHUJ\ SURGXFWLRQ DQG IRUHLJQ
WUDGH LQ &KLQD 5HQHZDEOH (QHUJ\  

>@3ULFH-.HSSR,  0RGHOOLQJWRJHQHUDWH
DOWHUQDWLYHV$WHFKQLTXHWRH[SORUHXQFHUWDLQW\
LQHQHUJ\HQYLURQPHQWHFRQRP\PRGHOV$SSO
(QHUJ\





5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

=LKDR/LQ
1DQIDQJ &ROOHJH RI 6XQ <DWVHQ 8QLYHUVLW\
*XDQJ]KRX&KLQD

HPDLO IDQJ[LRDMXDQ#RXWORRNFRP

&21&/86,216

7KLVDUWLFOHDLPVWRDQDO\]HWKHFXUUHQWVLWXDWLRQRI
WKH GHYHORSPHQW RI ORZFDUERQ HFRQRP\ LQ
*XDQJGRQJ 3URYLQFH WKURXJK WKH FRRUGLQDWLRQ
PRGHO WR VWXG\ WKH FRRUGLQDWHG GHYHORSPHQW
UHODWLRQVKLS EHWZHHQ ORZFDUERQ HFRQRP\ DQG
HQYLURQPHQW DQG WR SURSRVH FRXQWHUPHDVXUHV IRU
WKH GHYHORSPHQW RI ORZFDUERQ HFRQRP\ LQ
*XDQJGRQJ3URYLQFH


5()(5(1&(6

>@ *XOWHNLQ 8   5HQHZDEOH HOHFWULFLW\
JHQHUDWLRQ IRU VXVWDLQDEOH GHYHORSPHQW DQG
HQYLURQPHQWDOPDQDJHPHQWLQ7XUNH\)UHVHQ
(QYLURQ%XOO
>@ /L / +RQJ ;) :DQJ -   6SDWLDO
HIIHFWV RI WHFKQRORJ\ LQQRYDWLRQ RQ HQHUJ\
UHODWHG FDUERQ HPLVVLRQV D VSDWLDO SDQHO
DSSURDFK)UHVHQ(QYLURQ%XOO  

>@ 'RQJ4<)XWDZDWDUL7  $UHYLHZRI
WKH SURJUHVV LQ &KLQD¶V UHQHZDEOH HQHUJ\
JHQHUDWLRQ DQG LWV OLQNV ZLWK HQHUJ\
FRQVHUYDWLRQ HQYLURQPHQWDO GHJUDGDWLRQ DQG
HFRQRPLF JURZWK )UHVHQ (QYLURQ %XOO 

>@ 6DOWXN % <XFHO $ $WLOJDQ $  
'HWHUPLQDWLRQ RI VRPH HQYLURQPHQWDO HQHUJ\
UHTXLUHPHQWVLQEURLOHUSRXOWU\KRXVLQJ)UHVHQ
(QYLURQ%XOO  
>@ +DR<//L6;LD4  $QDQDO\VLVRI
WKHSULFHLQFUHDVLQJRIXUEDQQDWXUDOJDVHQHUJ\
V\VWHP )UHVHQ (QYLURQ %XOO    

>@ &DJOD\DQ 1   (QHUJ\ DQG HFRQRPLF
IHDVLELOLW\ RI D JULGFRQQHFWHG VRODUSY V\VWHP
LQ $QWDO\D 7XUNH\ )UHVHQ (QYLURQ %XOO
  
>@ ;X <3 :DQJ 0 4LQ 0 6KL +; 6XL
%: -LD ;= /X '/   6WXG\ RI WKH
UHODWLRQVKLS EHWZHHQ HFRQRPLF JURZWK DQG
HQYLURQPHQWDOTXDOLW\ZLWKWKH.X]QHWVFXUYHLQ
*XDQJ[L&KLQD  
>@ 7DR ' /L 6 7DQJ << ;LD 4  
6SDWLDO HFRQRPHWULF DQDO\VLV RI OLYLQJHQHUJ\
FDUERQ HPLVVLRQV LQ &KLQD DQG LWV GULYLQJ
IDFWRUV)UHVHQ(QYLURQ%XOO
>@ 3HQJ /+ =KDQJ <1LH +7:DQJ<-
&KHQ ;& <X $   5HJLRQDO WDUJHW
UHVSRQVLELOLW\ V\VWHP DQG HQHUJ\ HIILFLHQF\
LPSURYHPHQW D FDVH VWXG\ RI )XMLDQ &KLQD
)UHVHQ(QYLURQ%XOO  
>@=KRX+<  ,QFHQWLYHPHFKDQLVPRIORZ
FDUERQHFRQRPLFJURZWKTXDOLW\EDVHGRQIX]]\
FOXVWHUDQDO\VLV  
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7+($8720$7,&'(7(&7,212)
720$72(6/($)',6($6(6

2NDQ2UDO *XUNDQ%LOJLQ




0HFKDWURQLFV(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ$NGHQL]8QLYHUVLW\'XPOXSLQDU%RXOHYDUG$QWDO\D7XUNH\
(OHFWULFDODQG(OHFWURQLFV(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ0HKPHW$NLI(UVR\8QLYHUVLW\,VWLNODO&DPSXV%XUGXU7XUNH\



$%675$&7

$XWRPDWLF SHUFHSWLRQ RI SODQW GLVHDVHV IURP
V\PSWRPV RI SODQW OHDYHV LV DQ LPSRUWDQW UHVHDUFK
WRSLF,QWKLVVWXG\DQDOJRULWKPEDVHGRQLPDJHSUR
FHVVLQJLVSURSRVHGIRUWKHDXWRPDWLFGHWHFWLRQDQG
FODVVLILFDWLRQRIWRPDWRHVOHDIGLVHDVHV'LVHDVHGDQG
KHDOWK\ WRPDWR OHDI GLJLWDO LPDJHV WDNHQ IURP WKH
ILHOGZHUHFODVVLILHGLQWKUHHGLIIHUHQWFRORXUILHOGV
ZLWK.PHDQVFOXVWHULQJ DQGWKH GLVHDVHG DUHDV RQ
WKHOHDIZHUHVHSDUDWHGIURPKHDOWK\VHFWLRQV$IWHU
ZDUG WKH GLVHDVHG DUHDV REWDLQHG IURP WKH OHDYHV
ZHUHFODVVLILHGE\1%&DQG/'$PHWKRGV7KHDG
YDQWDJH RI XVLQJ WKLV PHWKRG LV WKDW WRPDWRHV GLV
HDVHVFDQEHLGHQWLILHGHDUO\RUDWWKHILUVWVWDJH7KH
DOJRULWKPGHYHORSHGLQWKHVWXG\SURYLGHVDKLJKDF
FXUDF\VFRUHVWLOOSHUFHQWDJHVEHWZHHQWKHGLV
HDVHGOHDIDQGKHDOWK\OHDIJURXSV7KHDOJRULWKPKDV
EHWWHU DELOLW\ HVSHFLDOO\ LQ RUGHU WR GLVFULPLQDWH
&ODGRVSRULXP IXOYXP GLVHDVHG OHDI IURP KHDOWK\
OHDYHV2QWKHRWKHUKDQGWKHPHDQDFFXUDF\UDWHIRU
WKH FODVVLILFDWLRQ DUH  DFFXUDF\ ZLWK 1%&
DQGZLWK/'$



'HWHFWLRQRISODQWGLVHDVHVLVDQLPSRUWDQWUH
VHDUFKWRSLFEHFDXVHLWFDQDXWRPDWLFDOO\GHWHFWWKH
V\PSWRPVRIWKHGLVHDVHRQWKHOHDYHVRISODQWV$OW
KRXJK SURIHVVLRQDO DJULFXOWXUDO HQJLQHHUV DUH UH
VSRQVLEOHIRUWKHUHFRJQLWLRQRISODQWGLVHDVHVLQWHO
OLJHQW V\VWHPV FDQ EH XVHG IRU GLDJQRVLV LQ HDUO\
VWDJHV)DVWDFFXUDWHDQGFKHDSHULPDJHSURFHVVLQJ
DQG SDWWHUQ UHFRJQLWLRQ PHWKRGV SURSRVHG IRU WKLV
SXUSRVHLQWKHOLWHUDWXUHFDQEHXVHGWRGHVLJQPD
FKLQHYLVLRQV\VWHPVIRUGLDJQRVLVDQGGHWHFWLRQRI
SODQWGLVHDVHV>@,PSOHPHQWDWLRQRIWKHVHWHFK
QRORJLHV ZLOO OHDG WR LQFUHDVHG SURGXFWLYLW\ 6LQFH
GLVHDVHGSODQWVFDQFDXVHYDULRXVDQGFRPSOH[OHDI
V\PSWRPV GLVHDVHG OHDI KDV DWWUDFWHG PDQ\ UH
VHDUFKHUVLQLPDJHSURFHVVLQJDQGUHFRJQLWLRQILHOG
>@ .LP HW DO >@ FODVVLILHG JUDSH IUXLW DQG
FUXVWGLVHDVHVXVLQJFRORUWH[WXUHSURSHUWLHVDQDO\VLV
$O%DVKLVKHWDO>@KDVGHYHORSHGDUDSLGDQGDF
FXUDWH PHWKRG IRU LGHQWLI\LQJ DQG FODVVLI\LQJ OHDI
GLVHDVHVXVLQJFODVVLILFDWLRQEDVHGRQNPHDQVVHJ
PHQWDWLRQDQGQHXUDOQHWZRUNV%DXHUHWDO>@KDV
LQWURGXFHGDQDSSURDFKWRDXWRPDWLFFODVVLILFDWLRQRI
VXJDUEHHWOHDIGLVHDVHVXVLQJKLJKUHVROXWLRQPXOWL
VSHFWUDO DQG VWHUHR LPDJHV *DYKDOH HW DO >@ UH
YLHZVDQGVXPPDUL]HVLPDJHSURFHVVLQJWHFKQLTXHV
XVHG WR LGHQWLI\ YDULRXV SODQW VSHFLHV GLVHDVHV LQ
WKHLUZRUN3DGPDYDWKLDQG7KDQJDGXUDL>@KDYH
JLYHQFRPSDUDWLYHUHVXOWVRI5*%DQGJUD\VFDOHLP
DJHVLQWKHSURFHVVRIILQGLQJOHDIGLVHDVH9HUPDHW
DO>@LGHQWLILHGULFHOHDIGLVHDVHXVLQJLPDJHSUR
FHVVLQJDQGIX]]\FOXVWHULQJWHFKQLTXHV3DWLOHWDO
>@XVHGFOXVWHULQJWHFKQLTXHVWRFODVVLI\GLVHDVHV
LQWRPDWROHDYHV$QRWKHUVWXG\.XONDUQLHWDO>@
GLGZDV LPDJH SURFHVVLQJ DQG DUWLILFLDO QHXUDO QHW
ZRUNWHFKQLTXHVWRGHWHFWHDUO\DQGLQWHQVLYHSODQW
GLVHDVHV7KH\DFKLHYHGDUHFRJQLWLRQUDWHRIXSWR
DWWKHHQGRIWKHVWXG\
7KH REMHFWLYH RI WKLV VWXG\ LV WR LGHQWLI\ GLV
HDVHV ZKLFK FDXVH ORVV RI \LHOG LQ WRPDWR SURGXFW
ZKLFK LV RQH RI LPSRUWDQW IRRG VRXUFHV 7RPDWRHV
DUHDPRQJWKHPRVWLPSRUWDQWDJULFXOWXUDOSURGXFWV
JURZQLQ7XUNH\$VLQRWKHUDJULFXOWXUDOSURGXFWV
WKHUHDUHPDQ\GLVHDVHVWKDWFDQFDXVHWKH\LHOGRI
WRPDWRSURGXFWVWRGHFUHDVH6RPHJHQHUDOGLVHDVHV
VHHQ DUH EURZQ DQG \HOORZ VSRWV HDUO\ DQG ODWH
VFRUFKDQGRWKHUVDUHIXQJDOYLUDODQGEDFWHULDOGLV
HDVHV>@7KHDLPRIWKLVVWXG\LVWRGHYHORSDVRIW
ZDUHVROXWLRQIRUWKHGHWHFWLRQDQGFODVVLILFDWLRQRI

.(<:25'6
,PDJH3URFHVVLQJ.PHDQV&OXVWHULQJ0DFKLQH/HDUQLQJ
7RPDWRHV/HDI'LVHDVHV



,1752'8&7,21

3ODQW GLVHDVHV FDXVH D VLJQLILFDQW GHFUHDVH LQ
ERWKWKHTXDOLW\DQGTXDQWLW\RIDJULFXOWXUDOSURGXFWV
>@,ISUHFDXWLRQDU\PHDVXUHVDUHQRWWDNHQWRFXUE
WKHVSUHDGRIWKHVHGLVHDVHVRYHUODUJHDUHDVVLJQLIL
FDQW HFRQRPLF ORVVHV FDQ RFFXU >@ 7KH EDVLF DS
SURDFKDGRSWHGLQSUDFWLFHLQWKHGHWHFWLRQRIVXFK
GLVHDVHV LV WR FRQVWDQWO\ REVHUYH DQG LGHQWLI\ ZLWK
WKHQDNHGH\H2QHRIWKHW\SLFDOPHWKRGVLVEDVHG
RQ YLVXDOO\ REVHUYDEOH GLIIHUHQFHV RQ SODQW OHDYHV
>@ +RZHYHU WKLV FDXVHV H[FHVVLYH FRVW WLPH DQG
ORVVRIZRUNSRZHULQODUJHDUHDV>@,QWKHSUHYHQ
WLRQRIWKHVHORVVHVDXWRPDWLFFRPSXWHUEDVHGSODQW
GLVHDVHGHWHFWLRQDSSURDFKHVDUHRIKLJKLPSRUWDQFH
6HYHUDO DSSURDFKHV DUH SURSRVHG IRU DXWRPDWLF
UHFRJQLWLRQRISODQWGLVHDVHV>@
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),*85(
D &ODGRVSRULXPIXOYXP E /HYHLOOXODWDXULFD F 3VHXGRPRQDVV\ULQJDHSYWRPDWR G +HDOWK\WRPOHDI


),*85(
7KHRYHUYLHZRIWKHVWXG\

WKUHHGLIIHUHQWWRPDWROHDIGLVHDVHVZLWKLPDJHSUR
FHVVLQJ )RU WKLV SXUSRVH GLVHDVHG DQG KHDOWK\ WR
PDWR OHDI GLJLWDO LPDJHV WDNHQ IURP WKH ILHOG ZHUH
FODVVLILHG LQ WKUHH GLIIHUHQW FRORU ILHOGV ZLWK .
PHDQVFOXVWHULQJDQGWKHGLVHDVHGDUHDVRQWKHOHDI
ZHUHVHSDUDWHGIURPKHDOWK\VHFWLRQV$IWHUZDUGWKH
GLVHDVHGDUHDVREWDLQHGIURPWKHOHDYHVZHUHFODVVL
ILHG E\ 1DLYH %D\HV &ODVVLILHU 1%&  DQG /LQHDU
'LVFULPLQDQW$QDO\VLV /'$ PHWKRGV
)DUPHUVFDQXVHGHFLVLRQPDNLQJWRROVDQGDX
WRPDWLRQ WHFKQLTXHV IRU EHWWHU TXDOLW\ DQG PRUH
SURGXFWHIILFLHQF\ZLWKWKLVLQIRUPDWLRQ


0$7(5,$/6$1'0(7+2'6



.PHDQVFOXVWHULQJPHWKRG6TXDUHG(XFOLGHDQ'LV
WDQFHZDVXVHGDVWKH.PHDQVFOXVWHULQJPLQLPL]D
WLRQ PHWKRG 5HSOLFDWHV YDOXH ZDV VHOHFWHG DV  LQ
WKLVPHWKRG,QWKLVPHWKRG.PHDQVFOXVWHULQJZDV
IRXQG DV  FODVVHV 7KH GLVHDVHG DUHDV ZHUH FRQ
YHUWHGWR176&FRORUFRGHDQG<,4FRPSRQHQWVLQ
WKHUHVXOWLQJSL[HOV)LQDOO\WKH\ZHUHFODVVLILHGLQ
WKUHHJURXSVXVLQJ/'$DQG1%&PHWKRGV

6HJPHQWDWLRQ 7KH VHJPHQWDWLRQ LV WKH LP
SRUWDQWSURFHVVRIWKHVWXG\LQRUGHUWRILQGWKHSURE
OHPDWLFSDUWRIWKHOHDI.PHDQVFODVVLIL\LQJDOJR
ULWKPLVXVHGIRUWKHVHJPHQWDWLRQRIWKHLPDJHV,W
FDQPHDVXUHWKHGLIIHUHQFHEHWZHHQWZRFRORUVXVLQJ
WKH(XFOLGHDQGLVWDQFHPHWULF7KLVDOJRULWKPXVHVD
KHXULVWLF SURFHVV WR REWDLQ FHQWURLG VHHGV IRU WKH
FODVVLILFDWLRQ$UWKXUDQG9DVVLOYLWVNLLSURSRVHWKDW
NPHDQVDOJRULWKPLPSURYHVVROXWLRQTXDOLW\DQG
UXQQLQJWLPHRI/OR\G VDOJRULWKP>@7KHVWHSVRI
WKH DOJRULWKP DUH JLYHQ LQ WKH IROORZLQJ ,W LV DV
VXPHGWKDWWKHQXPEHURIFODVVHVLVP
;LVDQREVHUYDWLRQVHOHFWHGDWUDQGRPIURPWKH
GDWDVHW7KHVHOHFWHGREVHUYDWLRQLVWKHILUVWFHQWURLG
WKDWLVH[SUHVVHGF&DOFXODWLRQRIGLVWDQFHVLVGRQH
EHWZHHQ HDFK REVHUYDWLRQ DQG F 7KH GLVWDQFH EH
WZHHQFMDQGWKHREVHUYDWLRQNLVGHQRWHGDVG [NFL 
7KH QH[W FHQWURLG F LV UDQGRPO\ VHOHFWHG IURP ;
ZLWKSUREDELOLW\

ௗ మ ሺ௫ೖ ǡభ ሻ
  
మ
σ
సభ ௗ ሺ௫ ǡభ ሻ

,QRUGHUWRVHOHFWFHQWHULWKHGLVWDQFHVEHWZHHQ
HDFK REVHUYDWLRQ DQG HDFK FHQWURLG DUH FDOFXODWHG
DQGHDFKREVHUYDWLRQLVDVVLJQHGWRLWVFORVHVWFHQ
WURLG7KHFHQWURLGLLVVHOHFWHGDWUDQGRPIURP;IRU
N  Q DQG S  L ±  OLNH LQ WKH IROORZLQJ
HTXDWLRQ

ௗ మ ሺ௫ೖ ǡ ሻ
  
σሼǢೣ א ሽ ௗ మ ሺ௫ ǡ ሻ


'DWDEDVH ,QWKLVVWXG\WKUHHWRPDWROHDIGLV
HDVH &ODGRVSRULXP IXOYXP /HYHLOOXOD WDXULFD
3VHXGRPRQDV V\ULQJDH SY  )LJXUH   DQG KHDOWK\
WRPDWROHDILPDJHVZKLFKDUHIUHTXHQWO\HQFRXQWHUHG
DV GDWDEDVHV DUH XVHG DV  SLHFHV LQ HDFK JURXS
:RUNLQJLQ7XUNH\0XJOD)HWKL\HGLVWULFWLQRQHRI
WKH JUHHQKRXVHV SURGXFLQJ WRPDWRHV $JULFXOWXUDO
HQJLQHHULQWKHFRQWUROGDWDREWDLQHGZDVXVHG
7KH2YHUYLHZRIWKHVWXG\7KHRYHUDOOVWXG\
LVVKRZQLQ)LJXUH$FFRUGLQJWRWKHILJXUHDWILUVW
WKHLPDJHVZHUHILUVWPDGHHTXDOLQWHUPVRIUHVROX
WLRQ 7KHVH LPDJHV WKDW DUH XQVLJQHG LQWHJHU  ELW
5*%IRUPDWDUHVHWWR[SL[HOVLQWKHLPDJH
UHVL]H DUHD XVLQJ 1HDUHVWQHLJKERU LQWHUSRODWLRQ
7KXVDOOLPDJHVDUHHYDOXDWHGLQHTXDOSL[HOFRXQW
7KHQWKHLPDJHVZHUHFRQYHUWHGWR&,(/$%FRORU
VSDFH LQ RUGHU WR UHGXFH WKH EULJKWQHVV HIIHFWV
&,(/$% VSDFH FRQVLVWV RI D OXPLQRVLW\OD\HU / 
FKURPDWLFLW\OD\HU D  LQGLFDWLQJ WKH UHGJUHHQ D[LV
DQGFKURPDWLFLW\OD\HU E WKHFRORUD[LVFRUUHVSRQG
LQJ WKH EOXH\HOORZ D[LV 7KH /  SDUWV RI LPDJHV
ZHUHUHPRYHGIURPWKHSLFWXUHRZLQJWRIDFWWKDWDOO
WKHFRORULQIRUPDWLRQLVLQWKH D DQG E OD\HUV7KH
GLVHDVHGSDUWVRQWKHOHDIZHUHVHSDUDWHGXVLQJWKH
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
6HJPHQWDWLRQXVLQJ.PHDQV&OXVWHULQJIRUFRORUJURXSV



IRUPFRQVLGHULQJ6EWKDWLVWKHEHWZHHQFODVVVFDWWHU
PDWUL[RIWKHFODVVVDPSOHV7KH)LVKHU/'$IXQF
WLRQLVGHILQHGDV

:KHUH&SLVWKHVHWRIDOOREVHUYDWLRQVFORVHWR
FHQWURLGFSDQG[NUHODWHGWR&S6RWKLVODVWVWHSLV
UHSHDWHGXQWLOmFHQWURLGV7KHVHJPHQWDWLRQ]RQHV
XVLQJ.PHDQVDOJRULWKPDUHVKRZQLQ)LJXUH

ܬ ሺݓሻ ൌ

&ODVVLILFDWLRQ$IWHU.0HDQVDOJRULWKPSUR
FHVV WKH SLFWXUHV DUH FRQYHUWHG IURP 5*% FRORU
VSDFHWR176&FRORUVSDFH176&FRORUVSDFHFRQ
VLVWV RI OXPLQDQFHKXH DQG VDWXUDWLRQ LQIRUPDWLRQ
6R WKH WUDQVIRUPDWLRQ IURP 5*% WR 176& LV H[
SODLQHGPDWKHPDWLFDOO\

ܻ
ͲǤʹͻͻ ͲǤͷͺ
ͲǤͳͳͶ ܴ
  ܫ൩ ൌ ͲǤͷͻ െͲǤʹͶ െͲǤ͵ʹʹ൩  ܩ൩  
ܳ
ͲǤʹͳͳ െͲǤͷʹ͵ ͲǤ͵ͳʹ ܤ

:KHUHOXPLQDQFHLVGHQRWHGDV<DQGWKHKXH
DQG VDWXUDWLRQ FRPSRQHQWV DUH GHQRWHG DV , DQG 4
FRORU FRPSRQHQWV 7KLV SDUW RI WKH VWXG\ LV VR LP
SRUWDQWIRU WKH GLVFULPLQDWLRQ RI WRPDWRHV OHDIGLV
HDVHV 2WKHU WUDQVIRUPDWLRQV DUH DOVR WULHG H[SHUL
PHQWDOO\EXWWKH5*%WR176&WUDQVIRUPDWLRQVXS
SOLHGWKHEHVWGLVFULPLQDWLRQDPRQJGLVHDVHV
7KHVWXG\KDVIRFXVHGRQWKHFODVVLILFDWLRQRI
WKHWRPDWRHVOHDIGLVHDVHVUDWKHUWKDQVHJPHQWDWLRQ
+HQFHDQRWKHUSDUWRIWKHVWXG\LQFOXGLQJWKH/'$
DQG1%&PHWKRGVLVWKHFODVVLILFDWLRQUHODWLQJWRWKH
FRORUVSHFLILFDWLRQV

/LQHDU 'LVFULPLQDQW $QDO\VLV /'$  /'$
SURSRVHGE\)LVKHU>@LVFRPPRQO\XVHGWHFKQLTXH
IRUGDWDFODVVLILFDWLRQDQGGLPHQVLRQDOLW\UHGXFWLRQ
$VVXPLQJWKDW[DUHQGLPHQVLRQDORULJLQDOVDPSOHV
^Ȧ Ȧ` DUH WZR FODVVHV DQG Z LV GHQRWHG DV WKH
ZHLJKW YHFWRUDQGൌ  ݔ ் ݓȝ DQGȝ DUH PHDQV RI
WKHWZRVDPSOHVDIWHUWUDQVIRUPDWLRQ6DQG6DUH
WKHZLWKLQFODVVVFDWWHUPDWULFHVRIWZRVDPSOHVı
DQGıDUHWKHWUDQVIRUPDWLRQIRUPRIWKHP+HQFH
ܽ௪ LV WKH WRWDO WUDQVIRUPDWLRQ IRUP ZLWK UHODWHG WR
ܵ௪ ൌ ܵଵ  ܵଶ  DQG ܽ LV WKH WRWDO WUDQVIRUPDWLRQ

ሺఓభ ିఓమ ሻమ
ఙభ ାఙమ

ൌ

௪  ௌ್ ௪
௪  ௌೢ ௪



ZKHUH w WKDWPDNHV J LDA w WKHODUJHVWLVFDO
FXODWHGDVWKHEHVWZHLJKWYHFWRUDQGWKHQȦFRXOG
EHZULWWHQDVWKLVHTXDWLRQ
 Ͳǡ ߱ א ݔଵ

 ݕൌ  ݔ כ ݓെ ݄ܶ ݎ൝ ൏ Ͳǡ ߱ א ݔଶ
ൌ Ͳǡ ݂݅݊݀݁݅݊݅݁ݐ

7KUHVKROG7KULVH[SODLQHGPDWKHPDWLFDOO\

ே ఓ ାே ఓ
݄ܶ ݎൌ భ భ మ మ  
ேభ ାேమ

1DQG1DUHWKHQXPEHUVRIWZRVDPSOHV7KH
176&FRORUVSDFHYDOXHVDUHDSSOLHGWR/'$LQSXWV
DVWKUHHGLPHQVLRQDO6RWKHUHVXOWVDUHGLVFXVVHGLQ
UHVXOWVVHFWLRQRIWKLVVWXG\7KHGLIIHUHQW/'$W\SHV
DUHWULHGH[SHULPHQWDOO\GHSHQGLQJRQFODVVLILFDWLRQ
VFRUHV 7KH EHVW UHVXOW LV REWDLQHG XVLQJ TXDGUDWLF
/'$

1DwYH%D\HV&ODVVLIHU 1%& 7KH176&YDO
XHVDUHDOVRDSSOLHGWR1%&LQSXWVLQRUGHUWRWHVWWKH
FODVVLILFDWLRQ SHUIRUPDQFHV 1%& KDV VRPH DG
YDQWDJHV DERXW VSHHG DQG PHPRU\ XVDJH DPRQJ
RWKHU FODVVLILHUV $OVR LWV LQWHUSUHWDWLRQ LV VLPSOH
%XWLW PD\QRWEHDJRRGPHWKRGIRUVRPHNHUQHO
GLVWULEXWLRQVDQGODUJHGDWDVHWV
$VVXPLQJ WKDW WKH VHW RI WUDLQLQJ VDPSOHV
ZLWKLQ QFODVV LV GHQRWHG DV Y  Y Yn DQG PGL
PHQVLRQDO YHFWRU X



^x  x  xm ` FKDUDFWHUL]LQJ
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

ILUP7KHPDLQREMHFWLYHRIWKHVWXG\ZDVWRGLIIHU
HQWLDWH WKUHH GLVHDVHV IURP HDFK RWKHU DQG IURP
KHDOWK\JURXSVUDWKHUWKDQGXDOFODVVLILFDWLRQ7KHUH
IRUHPDFKLQHOHDUQLQJFODVVLILFDWLRQZDVDSSOLHGEH
FDXVHRIWKHVPDOOQXPEHURIGDWD)RUWKLVSXUSRVH
/'$DQG1%&FODVVLILFDWLRQDOJRULWKPVZHUHXVHG
7RPDWRGLVHDVHGDWDLVQDPHGDVJLYHQLQWKH
OLVWEHORZDQGFRPSDUHGLQJURXSVRIWZRWKUHHDQG
IRXU*JURXSLVGHQRWHGDV&ODGRVSRULXPIXOYXP
* JURXS LV H[SUHVVHG DV /HYHLOOXOD WDXULFD *
JURXS LV GHILQHG DV 3VHXGRPRQDV V\ULQJDH SY WR
PDWR DQG * JURXS LV FDOOHG DV +HDOWK\ 7RPDWRHV
/HDI 7KH FODVVLILFDWLRQ FRPELQDWLRQV RI WKHVH
JURXSV ZKLFK DUH GHQRWHG DV & & « & DUH
VKRZQLQWDEOH,QWKLVWDEOHHDFKJURXSRIGLVHDVH
ZDVFRPSDUHGZLWKKHDOWK\OHDIJURXSVLQSDLUV$I
WHUZDUG FODVVLILFDWLRQV ZHUH PDGH LQ WULSOH DQG
TXDGUXSOHIRUPV$OVRWKHVHFODVVLILFDWLRQW\SHVDUH
OLVWHG GHSHQGLQJ RQ /'$ DQG 1%& DFKLHYHPHQWV
$VFDQEHVHHQIURPWKHWDEOHLWLVVKRZQWKDW&LV
WKHHDVLHVWGLVWLQJXLVKDEOHFODVVLILFDWLRQ,QWKLVFODV
VLILFDWLRQWKHDFKLHYHPHQWVFRUHVDUHXVLQJ
/'$DQGXVLQJ1%&)RUWKHRWKHUELQDU\
FODVVLILFDWLRQV&LVLQ/'$DQGLQ
1%&%HVLGHVWKHUHLVDFFXUDF\IRU&FODV
VLILFDWLRQXVLQJERWKPHWKRG
2QWKHRWKHUKDQGLQWKHWULSOHFODVVLILFDWLRQV
LW LV VKRZQ WKDW WKH V\VWHP EHFRPHV PRUHGLIILFXOW
DQG WKH DFFXUDF\ YDOXHV GHFUHDVH &RQVLGHULQJ WKH
DFFXUDF\FRPSDULVRQVLQWKLVJURXSLWLVVHHQWKDW&
DFFXUDF\ZKLFKLVLQ/'$DQGLQ
1%& LV OHVV WKDQ RWKHU FODVVLILFDWLRQV :KHQ WKH
RWKHUFODVVLILFDWLRQVDUHFRQVLGHUHGLWLVVKRZQWKDW
&DFFXUDF\LVLQ/'$DQGLQ1%&
DQG&DFFXUDF\LVXVLQJERWKPHWKRGV
8OWLPDWHO\WKHDFFXUDF\RI&ZKLFKLVGHWHU
PLQHGE\WKHHYDOXDWLRQRIWKHDOOGDWDEDVHLV
LQ/'$DQGLQ1%&,WLVFOHDUWKDWERWKFODV
VLILFDWLRQPHWKRGVSURYLGHVLPLODUUHVXOWV7KHUHIRUH
WKHLQIHUHQFHRIWKHPHDQDFFXUDF\DFKLHYHPHQWVLV
H[DPLQHGQRVLJQLILFDQWGLVWLQFWLRQ LVEHWZHHQ WKH
/'$DQG1%&FODVVLILHUV
$VDUHVXOWWKHDLPRIWKHVWXG\LVWRGLVWLQJXLVK
WKHDJULFXOWXUDOGLVHDVHVWKDWRFFXURQWRPDWRSODQWV
7KHUHIRUH RYHUDOO FODVVLILFDWLRQ WKDW SURYLGHV WKH
EHVWVROXWLRQIRUWKHSXUSRVHRIWKHVWXG\LVGHQRWHG
DV&
&RQVLGHULQJWKHZKROHVWXG\7KH1%&PHWKRG
FDQ GLVFULPLQDWH WKH DOO FODVVHV ZLWK  DFFX
UDF\VFRUH7KLVLVWKHPRVWFUXFLDOVFRUHIRUWKHSXU
SRVHRIWKHVWXG\


&21&/86,21

7KHLGHQWLILFDWLRQRISODQWGLVHDVHVLVWKHNH\WR
DYRLGLQJ ORVVHV LQ WKHTXDOLW\ DQG TXDQWLW\ RI DJUL
FXOWXUDOSURGXFH)RUWKLVUHDVRQWKHUHLVDQHHGIRU
DXWRPDWLFWHFKQLTXHVLQWKHDJULFXOWXUDOLQGXVWU\WR
GHWHFW LQVWDQW GLVHDVH RQ SODQWV 7KH SODQW V KHDOWK

RIWKHPDWWULEXWHV A  A  Am LQUHWXUQ7KHFODV
VLILFDWLRQ DOJRULWKP IRUHFDVWV WKDW YHFWRU ; LV FRQ
FHUQHG ZLWK WKH FODVV KDYLQJ WKH KLJKHVW SRVWHULRUL
SUREDELOLW\FRQGLWLRQHGRQ;6R;LVFDOFXODWHGGH
SHQGLQJRQFODVV<L

ܲሺܻ ȁܺሻ  ܲሺܻ ȁܺሻ ݂ ͳݎ ݆  ݊ǡ ݆ ് ݅  

$V D UHVXOW RI WKDW WKH FODVV PDNLQJ 3 <L_; 
PD[LPXPLVFDOFXODWHG7KHQ1%&LVGHILQHGPDWK
HPDWLFDOO\DV>@


ܲሺܻ ȁܺሻ ൌ



  


:KHUHWKHFODVV Yi LVGHQRWHGDVWKHPD[LPXP
SRVWHULRULK\SRWKHVLV


5(68/76$1'',6&866,21

(DUO\ UHFRJQLWLRQ DQG FODVVLILFDWLRQ RI SODQW
GLVHDVHVLQWKHDJULFXOWXUDOILHOGLVYLWDO3URGXFWLYLW\
DQGIUXLWTXDOLW\RIWRPDWRVHHGOLQJVDUHVHYHUHO\DI
IHFWHGE\WKHVOLJKWQHJOHFWRIHDUO\GLVHDVHGHWHFWLRQ
LQ WKH OHDYHV )RU FURSV UHTXLULQJ LQWHQVLYH FDUH LQ
ODUJHIDUPVDODUJHDPRXQWRIKXPDQZRUNORDGFDQ
EHUHGXFHGE\DQDXWRPDWHGV\VWHPE\GHWHFWLQJDQG
FODVVLI\LQJGLVHDVHVDWDQHDUO\VWDJH,QWKLVVWXG\
LPDJH SURFHVVLQJ DQG PDFKLQH OHDUQLQJ WHFKQLTXHV
ZHUHXVHGWRLGHQWLI\DQGFODVVLI\GLIIHUHQWWRPDWR
GLVHDVHV7KHGDWDVHWXVHGIRUWKLVUHVHDUFKZDVFRO
OHFWHG XVLQJ GLJLWDO FDPHUD E\ $GD 7RKXPFXOXN
FRPSDQ\ IURP FLW\ RI $QWDO\D IDUPODQGV 'DWDVHW
FRQVLVWVRIWRWDOLPDJHVRIWRPDWRSODQWOHDYHV
FRQVLVWRIJURXSV7KHJURXSVDUHKHDOWK\LPDJHV
&ODGRVSRULXP IXOYXP LPDJHV /HYHLOOXOD 7DXULFD
LPDJHV3VHXGRPRQDVV\ULQJDHSY7RPDWRLPDJHV
:KHQWKHOLWHUDWXUHLVH[DPLQHGQRVWXG\KDVEHHQ
IRXQGWRLGHQWLI\DQGFODVVLI\WKHVHGLVHDVHVE\XV
LQJPDFKLQHOHDUQLQJWHFKQLTXHV,QWKHVWXGLHVWKH
FODVVLILFDWLRQV DUH JHQHUDOO\ EDVHG RQ WKH 6XSSRUW
9HFWRU 0DFKLQH 690  DOJRULWKP >@ 690
EDVHGVWXGLHVSHUIRUPGXDOFODVVLILFDWLRQ,QWKHGXDO
FODVVLILFDWLRQSDUWRIRXUVWXG\WKHDFFXUDF\UDWHLQ
FUHDVHVWR+RZHYHUDOWKRXJK690FDQQRWEH
XVHGLQPXOWLSOHFODVVLILFDWLRQVRIGLIIHUHQWGLVHDVHV
WKHDFFXUDF\RIGLVHDVHGHWHFWLRQLQWKHYDULRXVDOJR
ULWKPVXVHGLVDOVRORZHUHG2QWKHRWKHUKDQG&RQ
YROXWLRQDO 1HXUDO 1HWZRUNV &11 EDVHG VWXGLHV
KDYHEHHQIRXQGLQWKHOLWHUDWXUH>@,Q&11
EDVHGVWXGLHVDFFXUDF\UDWHLVORZZKHQWKHQXPEHU
RIGDWDLVORZ+RZHYHUWKHQXPEHURIGDWDLVH[
SHFWHG WR EH KLJK LQ VXFK VWXGLHV $OWKRXJK &11
EDVHGPRGHOZDVGHVLUHGWREHXVHGLQWKHVWXG\D
ODUJH GDWDEDVH FRXOG QRW EH UHDFKHG LQ WKH GLVHDVH
JURXSVPHQWLRQHGLQWKHVWXG\)RUWKLVUHDVRQVXS
SRUW ZDV UHFHLYHG IURP D SURIHVVLRQDO DJULFXOWXUDO
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PRQLWRULQJDQGGLVHDVHGHWHFWLRQLVFULWLFDOIRUVXV
WDLQDEOH DJULFXOWXUH (VSHFLDOO\ LQ ODUJH IDUPV WKH
GHWHFWLRQRIV\PSWRPVRISODQWGLVHDVHVZKHQWKH\
DSSHDUHDUO\LQWKHOHDYHVZLWKDXWRPDWLFWHFKQLTXHV
LVYHU\XVHIXOIRUUHGXFLQJWKHODUJHILHOGREVHUYDWLRQ
ZRUN 7KHUHIRUH D IDVW DXWRPDWHG DQG DFFXUDWH
PHWKRGIRUGHWHFWLQJSODQWGLVHDVHLVYHU\LPSRUWDQW

7$%/(
7KHFODVVLILFDWLRQDFKLHYHPHQWV SHUFHQWDJHDF
FXUDF\YDOXHV IRU/'$DQG1%&
&ODVVLIL
&ODVVHV
/'$ 1%&
FDWLRQ
1DPH
&
*YV*
 
&
*YV*
 
&
*YV*
 
&
*YV*YV*  
&
*YV*YV*  
&
*YV*YV*  
&
*YV*YV*  
YV*
0HDQ$FFXUDF\$FKLHYHPHQWV  

,Q WKLV VWXG\ D VRIWZDUH KDV EHHQ GHYHORSHG
DQGDSSOLHGXVLQJLPDJHSURFHVVLQJWHFKQLTXHVLQWKH
GHWHFWLRQ DQGFODVVLILFDWLRQ RI GLIIHUHQW WRPDWRHV
OHDIGLVHDVHV:LWKWKHDOJRULWKPGHYHORSHGDKLJK
DFFXUDF\ UDWHV DUH DFKLHYHG WLOO  DFFXUDF\
VFRUHVLQELQDU\FODVVLILFDWLRQVEHWZHHQWKHGLVHDVHG
OHDIDQGWKHKHDOWK\OHDIJURXSV2QWKHRWKHUKDQG
LQWKHFODVVLILFDWLRQRIGLVHDVHGOHDYHVDPRQJWKHP
VHOYHVLWLVQRWLFHGWKDWWKHHUURUUDWHVLQFUHDVH(V
SHFLDOO\WKHDFFXUDF\VFRUHVIDOOWLOOSHUFHQW
DJHVLQ*YV*YV*FODVVLILFDWLRQWKDWLVGHQRWHG
DV & 7KUHH W\SHV RI GLVHDVHG WRPDWR OHDI DQG
KHDOWK\OHDYHVWKDWLVQDPHGDV&H[DPLQHGZLWKWKH
DOJRULWKP GHYHORSHG ZLWKLQ WKH VFRSH RI WKH VWXG\
ZHUH VXFFHVVIXOO\ LGHQWLILHG ZLWK  DFFXUDF\
ZLWK1%&PHWKRGDQGZLWK/'$:LWKWKLV
PHWKRG WRPDWRHV GLVHDVHV FDQ EH LGHQWLILHG LQ WKH
ILUVWVWDJHDQGWKHULVNVWKDWPD\RFFXUFDQEHXVHG
DWWKHPRVWUHGXFHGUDWH




)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

5()(5(1&(6

>@ +DVVDQLHQ$(*DEHU70RNKWDU8+HIQ\
+   $Q LPSURYHG PRWK IODPH
RSWLPL]DWLRQDOJRULWKPEDVHGRQURXJKVHWVIRU
WRPDWR GLVHDVHV GHWHFWLRQ &RPSXWHUV DQG
(OHFWURQLFVLQ$JULFXOWXUH
>@ 6DQNDUDQ60LVKUD$(KVDQL5'DYLV&
  $ UHYLHZ RI DGYDQFHG WHFKQLTXHV IRU
GHWHFWLQJ SODQW GLVHDVHV &RPSXWHUV DQG
(OHFWURQLFVLQ$JULFXOWXUH  
>@ 6LQJK 9 0LVUD $ .   'HWHFWLRQ RI
SODQW OHDI GLVHDVHV XVLQJ LPDJH VHJPHQWDWLRQ
DQG VRIW FRPSXWLQJ WHFKQLTXHV ,QIRUPDWLRQ
3URFHVVLQJLQ$JULFXOWXUH  
>@ $ULYD]KDJDQ 6 6KHELDK 5 1 $QDQWKL 6
9DUWKLQL 6 9   'HWHFWLRQ RI XQKHDOWK\
UHJLRQRISODQWOHDYHVDQGFODVVLILFDWLRQRISODQW
OHDIGLVHDVHVXVLQJWH[WXUHIHDWXUHV$JULFXOWXUDO
(QJLQHHULQJ,QWHUQDWLRQDO&,*5-RXUQDO  

>@ %DUEHGR - * $   'LJLWDO LPDJH
SURFHVVLQJWHFKQLTXHVIRUGHWHFWLQJTXDQWLI\LQJ
DQGFODVVLI\LQJSODQWGLVHDVHV,Q6SULQJHU3OXV
  
>@ *DMDQDQ'(6KDQNDU**.HVKDY*9
  'HWHFWLRQ RI OHDI GLVHDVH XVLQJ IHDWXUH
H[WUDFWLRQ IRU DQGURLG EDVHG V\VWHP
,QWHUQDWLRQDO -RXUQDO RI 6FLHQWLILF 5HVHDUFK LQ
6FLHQFHDQG7HFKQRORJ\  
>@ 6DQQDNNL665DMSXURKLW961DUJXQG9
% .XONDUQL 3   'LDJQRVLV DQG
FODVVLILFDWLRQRIJUDSHOHDIGLVHDVHVXVLQJQHXUDO
QHWZRUN,QWK,(((,QWHUQDWLRQDO&RQIHUHQFH
RQ &RPSXWLQJ &RPPXQLFDWLRQV DQG 1HW
ZRUNLQJ7HFKQRORJLHV ,&&&17 7LUXFKHQJR
GH,QGLD
>@ (O 0DVVL , (V6DDG\ < (O\DVVD 0
0DPPDVV'%HQD]RXQ$  $XWRPDWLF
UHFRJQLWLRQ RI WKH GDPDJHV DQG V\PSWRPV RQ
SODQW OHDYHV XVLQJSDUDOOHO FRPELQDWLRQ RI WZR
FODVVLILHUVWK,(((,QWHUQDWLRQDO&RQIHUHQFH
&RPSXWHU*UDSKLFV,PDJLQJDQG9LVXDOL]DWLRQ
%HQL0HOODO0RURFFR
>@ 0RKDQW\ 6 3 +XJKHV ' 3 6DODWKp 0
  8VLQJ GHHS OHDUQLQJ IRU LPDJHEDVHG
SODQW GLVHDVH GHWHFWLRQ )URQWLHUV LQ 3ODQW
6FLHQFH  
>@)XMLWD(.DZDVDNL<8JD+.DJLZDGD6
,\DWRPL +   %DVLF LQYHVWLJDWLRQ RQ D
UREXVW DQG SUDFWLFDO SODQW GLDJQRVWLF V\VWHP
WK,(((,QWHUQDWLRQD&RQIHUHQFHRQ0DFKLQH
/HDUQLQJ DQG $SSOLFDWLRQV $QDKHLP &$
86$
>@6ODGRMHYLF 6 $UVHQRYLF 0 $QGHUOD $
&XOLEUN'6WHIDQRYLF'  'HHSQHXUDO
QHWZRUNVEDVHGUHFRJQLWLRQRISODQWGLVHDVHVE\
OHDI LPDJH FODVVLILFDWLRQ &RPSXWDWLRQDO
,QWHOOLJHQFHDQG1HXURVFLHQFH9  


$&.12:/('*(0(176

:HZRXOGOLNHWRWKDQN$VVRF3URI'U6XO
H\PDQ %LOJLQIRU WKHLUYDOXDEOH FRQWULEXWLRQ WR WKH
VWXG\,QDGGLWLRQDJULFXOWXUDOWHFKQLFDONQRZOHGJH
DQGZKROHQWWKHLUVXSSRUWLQILQGLQJGLVHDVHGWRPDWR
OHDIVDPSOHWKDQN\RX$'$72+80&8/8.FRP
SDQ\









E\363

9ROXPH±1RSDJHV

>@)XHQWHV $ <RRQ 6.LP 6 & 3DUN' 6
  $ UREXVW GHHSOHDUQLQJEDVHG GHWHFWRU
IRU UHDOWLPH WRPDWR SODQW GLVHDVHV DQG SHVWV
UHFRJQLWLRQ6HQVRUV  
>@*KDLZDW613DUXO$  'HWHFWLRQDQG
FODVVLILFDWLRQRISODQWOHDIGLVHDVHVXVLQJLPDJH
SURFHVVLQJ WHFKQLTXHV D UHYLHZ ,QWHUQDWLRQDO
-RXUQDORI5HFHQW$GYDQFHVLQ(QJLQHHULQJDQG
7HFKQRORJ\  
>@'KD\JXGH 6% .XPEKDU 13  
$JULFXOWXUDO SODQW OHDI GLVHDVH GHWHFWLRQ XVLQJ
LPDJH SURFHVVLQJ ,QWHUQDWLRQDO -RXUQDO RI
$GYDQFHG 5HVHDUFK LQ (OHFWULFDO (OHFWURQLFV
DQG ,QVWUXPHQWDWLRQ (QJLQHHULQJ    

>@6DEDK % 1DYGHHS 6   5HPRWH DUHD
SODQWGLVHDVHGHWHFWLRQXVLQJLPDJHSURFHVVLQJ
,265 -RXUQDO RI (OHFWURQLFV DQG &RPPXQL
FDWLRQ(QJLQHHULQJ  
>@%UDKLPL 0 %RXNKDOID . 0RXVVDRXL $
  'HHS OHDUQLQJ IRU WRPDWR GLVHDVHV
FODVVLILFDWLRQ DQG V\PSWRPV YLVXDOL]DWLRQ
$SSOLHG$UWLILFLDO,QWHOOLJHQFH  
>@'H\$.6KDUPD00HVKUDP05  
,PDJH SURFHVVLQJ EDVHG OHDI URW GLVHDVH
GHWHFWLRQ RI EHWHO YLQH 3URFHGLD &RPSXWHU
6FLHQFH
>@%KRJDGH*0DZDO53DWLO$'HVDL36
5   /HDI GLVHDVH LGHQWLILFDWLRQ XVLQJ
LPDJH SURFHVVLQJ ,QWHUQHWLRQDO -RXUQDO RI
(QJLQHHU3URFHVVLQJ  
>@%DUEHGR-*$.RHQLJNDQ/96DQWRV7
7   ,GHQWLI\LQJ PXOWLSOH SODQW GLVHDVHV
XVLQJ GLJLWDO LPDJH SURFHVVLQJ %LRV\VWHPV
(QJLQHHULQJ
>@.LP'*%XUNV7)4LQ-%XODQRQ'
0   &ODVVLILFDWLRQ RI JUDSHIUXLW SHHO
GLVHDVHV XVLQJ FRORU WH[WXUH IHDWXUH DQDO\VLV
,QWHUQDWLRQDO -RXUQDO RQ $JULFXOWXUH DQG
%LRORJLFDO(QJLQHHULQJ  
>@$O%DVKLVK ' %UDLN 0 %DQL$KPDG 6
  'HWHFWLRQ DQG FODVVLILFDWLRQ RI OHDI
GLVHDVHV XVLQJ .PHDQVEDVHG VHJPHQWDWLRQ
DQG QHXUDO QHWZRUNV EDVHG FODVVLILFDWLRQ
,QIRUPDWLRQ 7HFKQRORJ\ -RXUQDO    

>@%DXHU6'.RUF))|UVWQHU:9DQ+HQWHQ
( - *RHQVH ' /RNKRUVW &  
,QYHVWLJDWLRQLQWRWKHFODVVLILFDWLRQRIGLVHDVHV
RIVXJDUEHHWOHDYHVXVLQJPXOWLVSHFWUDOLPDJHV
3UHFLVLRQ$JULFXOWXUH
>@*DYKDOH . 5 *DZDQGH 8   $Q
RYHUYLHZRIWKHUHVHDUFKRQSODQWOHDYHVGLVHDVH
GHWHFWLRQ XVLQJ LPDJH SURFHVVLQJ WHFKQLTXHV
,265-RXUQDORI&RPSXWHU(QJLQHHULQJ ,265
-&(   
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>@3DGPDYDWKL . 7KDQJDGXUDL .  
,PSOHPHQWDWLRQRI5*%DQG*UD\VFDOHLPDJHV
LQ SODQW OHDYHV GLVHDVH GHWHFWLRQ FRPSDUDWLYH
VWXG\ ,QGLDQ -RXUQDO RI RI 6FLHQFH DQG
7HFKQRORJ\  
>@9HUPD 7 6DWSDWK\ 6 . 6KDUPD / .
 $VWHSWRZDUGVSUHFLVLRQIDUPLQJRIULFH
FURS E\ HVWLPDWLQJ ORVV FDXVHG E\ OHDI EODVW
GLVHDVH XVLQJ GLJLWDO LPDJH SURFHVVLQJ DQG
IX]]\ FOXVWHULQJ ,QWHUQDWLRQDO -RXUQDO RI
&RPSXWHU7UHQGVDQG7HFKQRORJ\
>@3DWLO - . .XPDU 5   &RORU IHDWXUH
H[WUDFWLRQRIWRPDWROHDIGLVHDVHV,QWHUQDWLRQDO
-RXUQDORI(QJLQHHULQJ7UHQGVDQG7HFKQRORJ\
  
>@.XONDUQL $ + 3DWLO $   $SSO\LQJ
LPDJH SURFHVVLQJ WHFKQLTXH WR GHWHFW SODQW
GLVHDVHV ,QWHUQDWLRQDO -RXUQDO RI 0RGHUQ
(QJLQHHULQJ5HVHDUFK  
>@0DLQNDU30*KRUSDGH6$GDZDGNDU0
  3ODQW OHDI GLVHDVH GHWHFWLRQ DQG
FODVVLILFDWLRQ XVLQJ LPDJH SURFHVVLQJ
WHFKQLTXHV ,QWHUQDWLRQDO -RXUQDO RI ,QQRYDWLYH
DQG (PHUJLQJ 5HVHDUFK LQ (QJLQHHULQJ   

>@$UWKXU'9DVVLOYLWVNLL6  .PHDQV
7KH DGYDQWDJHV RI FDUHIXO VHHGLQJ 62'$ µ
3URFHHGLQJV RI WKH (LJKWHHQWK $QQXDO $&0
6,$0 6\PSRVLXP RQ 'LVFUHWH $OJRULWKPV
&DOLIRUQLD86$
>@)LVKHU 5 $   7KH XVH RI PXOWLSOH
PHDVXUHPHQWV LQ WD[RQRPLF SUREOHPV $QQDOV
RI(XJHQ  
>@'XGD 5 2 +DUW 3 ( 6WRUN ' *  
3DWWHUQFODVVLILFDWLRQDQGVFHQHDQDO\VLV:LOH\
1HZ<RUN
>@=DNDXGGLQ:$]L]05DVKLG6,VPDLO-
 &ODVVLILFDWLRQRIGLVHDVHLQWRPDWRSODQWV
OHDI XVLQJ LPDJH VHJPHQWDWLRQ DQG 690
7HFKQLFDO -RXUQDO 8QLYHUVLW\ RI (QJLQHHULQJ
DQG7HFKRORJ\  
>@'DQGDZDWH < .RNDUH 5   $Q
DXWRPDWHG DSSURDFK IRU FODVVLILFDWLRQ RI SODQW
GLVHDVHV WRZDUGV GHYHORSPHQW RI IXWXULVWLF
'HFLVLRQ6XSSRUW6\VWHPLQ,QGLDQSHUVSHFWLYH
,QW &RQIHUHQFH RQ $GYDQFHV LQ &RPSXWLQJ
&RPPXQLFDWLRQVDQG,QIRUPDWLFV,(((86$

>@/X - -LDQJ + &XL '   $ PHWKRG RI
GLVFULPLQDWLQJWRPDWR\HOORZOHDIFXUOGLVHDVHG
OHDYHV XVLQJ WH[WXUH DQG OHDI YHLQ IHDWXUHV LQ
IOXRUHVFHQFH LPDJH $PHULFDQ 6RFLHW\ RI
$JULFXOWXUDO DQG %LRORJLFDO (QJLQHHUV $QQXDO
,QWHUQDWLRQDO0HHWLQJ$6$%(
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>@0HXQNDHZMLQGD
$
.XPVDZDW
3
$WWDNLWPRQJFRO . 6ULNDHZ $  *UDSH
OHDI GLVHDVH GHWHFWLRQ IURP FRORU LPDJHU\
V\VWHP XVLQJ K\EULG LQWHOOLJHQW V\VWHP WK
,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ (OHFWULFDO
(QJLQHHULQJ DQG (OHFWURQLFV &RPSXWHU
7HOHFRPPXQLFDWLRQV DQG ,QIRUPDWLRQ 7HFKQR
ORJ\86$
>@%UDKLPL 0 %RXNKDOID . 0RXVVDRXL $
  'HHS OHDUQLQJ IRU WRPDWR GLVHDVHV
FODVVLILFDWLRQ DQG V\PSWRPV YLVXDOL]DWLRQ
$SSOLHG$UWLILFLDO,QWHOOLJHQFH  
>@.DPLODULV $ 3UHQDIHWD %ROG~ ) ;  
'HHS OHDUQLQJ LQ DJULFXOWXUH $ VXUYH\
&RPSXWHUVDQG(OHFWURQLFVLQ$JULFXOWXUH

>@$PDUD-%RXD]L]%$OJHUJDZ\$  $
GHHS OHDUQLQJ EDVHG DSSURDFK IRU EDQDQD OHDI
GLVHDVHV FODVVLILFDWLRQ 'DWHQEDQNV\VWHPH IU
%XVLQHVV
7HFKQRORJLH
XQG
:HE
:RUNVKRSEDQG
>@+DVDQ 0 7DQDZDOD % 3DWHO . -  
'HHS OHDUQLQJ SUHFLVLRQ IDUPLQJ  WRPDWR OHDI
GLVHDVH GHWHFWLRQ E\ WUDQVIHU OHDUQLQJ ,Q
3URFHHGLQJVRIQG,QWHUQDWLRQDO&RQIHUHQFHRQ
$GYDQFHG
&RPSXWLQJ
DQG
6RIWZDUH
(QJLQHHULQJ6XOWDQSXU,QGLD

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
2NDQ2UDO
0HFKDWURQLFV(QJLQHHULQJ
)DFXOW\RI(QJLQHHULQJ
$NGHQL]8QLYHUVLW\
'XPOXSLQDU%RXOHYDUG$QWDO\D±7XUNH\
HPDLO RNDQ#DNGHQL]HGXWU
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+,*+5(62/87,215(027(6(16,1*,0$*(
&/$66,),&$7,212)$1&,(179,//$*(6%$6('21
'((3/($51,1*

)HL&KHQ -XQ)DQJ-XQ+X



6FKRRORI&LYLO(QJLQHHULQJDQG$UFKLWHFWXUH:XKDQ8QLYHUVLW\RI7HFKQRORJ\:XKDQ+XEHL&KLQD

&HQWHUIRU3URWHFWLRQRI$QFLHQW%XLOGLQJVLQ+XEHL3URYLQFH:XKDQ+XEHL&KLQD

1LQJ[LD&RQVWUXFWLRQ,QYHVWPHQW*URXS&RUS/WG<LQFKXDQ1LQJ[LD&KLQD



$%675$&7

5HPRWH VHQVLQJ LPDJHU\ KDV DEXQGDQW JHR
JUDSKLFLQIRUPDWLRQDQGEXLOGLQJVDQGRWKHUDUWLIL
FLDOREMHFWVDFFRXQWIRUDODUJHSURSRUWLRQRIUHPRWH
VHQVLQJ LPDJHV RI DQFLHQWYLOODJHV +RZHYHU PRVW
RIWKHH[LVWLQJPHWKRGVRIH[WUDFWLQJEXLOGLQJVIURP
UHPRWHVHQVLQJLPDJHU\DUHEDVHGRQWKHFKDUDFWHU
LVWLFVRIDUWLILFLDOGHVLJQVXFKDVFRORUWH[WXUHVKDSH
DQGVRRQ7KHDFFXUDF\RIFODVVLILFDWLRQLVQRWKLJK
IRUWKLVUHDVRQWKHXVHRIGHHSOHDUQLQJRIWKHDQFLHQW
YLOODJHKLJKUHVROXWLRQUHPRWHVHQVLQJLPSDFWFODV
VLILFDWLRQ)LUVWWKHUHPRWHVHQVLQJVDWHOOLWHLPDJHV
RIDQFLHQWYLOODJHVLQWKHPRXQWDLQRXVDUHDRI+XEHL
DUHXVHGWRPRGHOWHVWDQGGDWDSUHSURFHVVLQJLVXVHG
WR VSHHG XS WKH PRGHO WUDLQLQJ SURFHVV 7KHQ
$OH[1HW 9** DQG 5HV1HW QHWZRUN PRGHOV
DUHVHOHFWHGDVIHDWXUHH[WUDFWRUVDFFRUGLQJWRWKHGLI
IHUHQFHVLQQHWZRUNPRGHOVWUXFWXUHDQGWKHVHOHFWHG
IHDWXUHH[WUDFWRULVILQHWXQHGXVLQJWKHGDWDVHW)L
QDOO\XVLQJWKHFKDUDFWHULVWLFVRIWKHIXOOFRQQHFWLRQ
OD\HURXWSXWRIWKHILQHWXQHGPRGHODVWKHFDVFDGH
IHDWXUHWKHFODVVLILFDWLRQPHWKRGRIPXOWLVWUXFWXUH
FRQYROXWLRQDOQHXUDOQHWZRUNFKDUDFWHULVWLFFDVFDGH
0&11)&  LV SURSRVHG DQG WKH FODVVLILFDWLRQ UH
VXOWVRIKLJKUHVROXWLRQUHPRWHVHQVLQJLPDJHVRIDQ
FLHQWYLOODJHVDUHREWDLQHGE\FRPELQLQJZLWKPXOWL
FODVVRSWLPDOERXQGDU\GLVSHQVHU PF2'0 ,QDG
GLWLRQ WKH SHUIRUPDQFH RI WKH SURSRVHG FODVVLILFD
WLRQPHWKRGLVDQDO\]HGH[SHULPHQWDOO\EDVHGRQWKH
0$7/$% VLPXODWLRQ SODWIRUP 7KH UHVXOWV VKRZ
WKDWWKHSURSRVHGPHWKRGFDQHIIHFWLYHO\FRPSHQVDWH
IRU WKH VKRUWDJH RI VLQJOH &11 LPDJH LQIRUPDWLRQ
H[WUDFWLRQHIIHFWLYHO\LPSURYHWKHPRGHOFODVVLILFD
WLRQSHUIRUPDQFHDQGIXUWKHULPSURYHWKHFODVVLILFD
WLRQDFFXUDF\



,1752'8&7,21

5HPRWHVHQVLQJLVDFRPSUHKHQVLYH(DUWKRE
VHUYDWLRQWHFKQRORJ\ZKLFKJHQHUDOO\UHIHUVWRQRQ
FRQWDFWUHPRWHGHWHFWLRQLQFOXGLQJWKHGHWHFWLRQRI
HOHFWURPDJQHWLF ILHOGV IRUFH ILHOGV PHFKDQLFDO
ZDYHVHWF5HPRWHVHQVLQJFDQEHXQGHUVWRRGQDU
URZO\ DV WKH DSSOLFDWLRQ RI GHWHFWLRQ LQVWUXPHQWV
ZLWKRXWFRQWDFWZLWKWKHGHWHFWLRQWDUJHWIURPDGLV
WDQFHWRUHFRUGWKHHOHFWURPDJQHWLFSRUWDELOLW\RIWKH
WDUJHWWKURXJKDQDO\VLVWRUHYHDOWKHFKDUDFWHULVWLFV
RIWKHREMHFWDQGLWVFKDQJHVRIFRPSUHKHQVLYHGH
WHFWLRQWHFKQRORJ\>@:LWKWKHSURJUHVVRIVFLHQFH
DQG WHFKQRORJ\ WKH DSSOLFDWLRQ RI UHPRWH VHQVLQJ
WHFKQRORJ\ LV PRUH DQG PRUH H[WHQVLYH WKH WUDGL
WLRQDO ORZUHVROXWLRQ PXOWLVSHFWUDO LPDJH FDQQRW
PHHW WKH DFWXDO QHHGV 7KHUHIRUH VDWHOOLWHV ZLWK
KLJKHUWLPHDQGVSDWLDOUHVROXWLRQDQGPRUHVSHFWUDO
VHQVRUV ODXQFK WR PHHW WKH LQFUHDVLQJO\ GLYHUVH
QHHGV >@ 7UDGLWLRQDO PHWKRGV RI PDQXDO UHPRWH
VHQVLQJLQWHUSUHWDWLRQDUHWLPHFRQVXPLQJDQGODERU
FRQVXPLQJ DQG UHTXLUH FHUWDLQ SURIHVVLRQDO
NQRZOHGJHIRULQWHUSUHWHUVZKLFKLVVXEMHFWWRVXE
MHFWLYHLQIOXHQFHDQGKLJKFRVW7UDGLWLRQDOPHWKRGV
EDVHG RQ JHRPHWULF ERXQGDULHV UHJLRQEDVHG VHJ
PHQWDWLRQ DX[LOLDU\ IHDWXUHV HWF GHSHQG RQ WKH
FKDUDFWHULVWLFVRIKXPDQGHVLJQGRQRWVHHWKHFRQ
WH[WDQGKLJKHUOHYHOIHDWXUHVDQGKDYHFHUWDLQOLPL
WDWLRQV WR WKH UHFRJQLWLRQ RIFRPSOH[ VWUXFWXUHV >@
>@
,QUHFHQW\HDUVZLWKWKHJUDGXDOGHYHORSPHQW
RIDUWLILFLDOLQWHOOLJHQFHWHFKQRORJ\DQGWKHZLGHDS
SOLFDWLRQRIGHHSOHDUQLQJWKHXVHRIGHHSOHDUQLQJ
WRLQWHUSUHWDQGH[WUDFWEXLOGLQJVRQUHPRWHVHQVLQJ
LPDJHVFDQQRWRQO\LPSURYHWKHHIILFLHQF\RILQWHU
SUHWDWLRQDQGUHGXFHFRVWVEXWDOVRSURYLGHQHZGL
UHFWLRQVIRUUHPRWHVHQVLQJLPDJHLQWHUSUHWDWLRQDQG
REMHFWH[WUDFWLRQUHVHDUFK>@$VDQLPSRUWDQWDQG
VLJQLILFDQWIHDWXUHRIWKHUHPRWHVHQVLQJLPDJHWKH
EXLOGLQJSOD\VDYHU\LPSRUWDQWUROHLQWKHILHOGVRI
VXUYH\LQJDQGPDSSLQJXUEDQSODQQLQJPLOLWDU\UH
FRQQDLVVDQFHDQGVRRQ>@%XLOGLQJVEURDGO\UHIHU
WRDOOVWUXFWXUHVLQFOXGLQJVWUXFWXUHVDQGKRXVHVDQG
LQDQDUURZVHQVHRQO\KRXVHVQRWVWUXFWXUHV,QUX
UDOUHPRWHVHQVLQJLPDJHVWKHQDUURZKRXVHXVXDOO\
UHIHUVWRUXUDOUHVLGHQWLDODUHDVZKLFKLVWKHFRUHRI

.(<:25'6
'HHS OHDUQLQJ $QFLHQW 9LOODJHV LQ +XEHL +LJK 5HVROX
WLRQ 5HPRWH 6HQVLQJ ,PDJHV 'DWD 3UHSURFHVVLQJ
0&11)&PF2'0
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WKHUHODWLRQVKLSEHWZHHQUXUDOSHRSOHDQGWKHFRXQ
WU\VLGH DQG WKH FDUULHU RI IDUPHUV  SURGXFWLRQ DQG
OLIH>@,PDJHLQWHUSUHWDWLRQLVWKHDQDO\VLVUHDVRQ
LQJDQGMXGJPHQWRIWKHFKDUDFWHULVWLFLQIRUPDWLRQRI
WKH UHFRJQLWLRQ WDUJHW SURYLGHG E\ UHPRWH VHQVLQJ
LPDJHDQGILQDOO\DFKLHYHVWKHJRDORIUHFRJQLWLRQ
%HFDXVHWKHEXLOGLQJSDWWHUQVZD\LQWKHSURFHVVRI
WKHHYROXWLRQRIWKHUXUDODUHDDQGLWVVSDWLDOVWUXFWXUH
LQGLIIHUHQWGHYHORSPHQWSHULRGVKDVGLIIHUHQWFKDU
DFWHULVWLFVWKHDQFLHQWYLOODJHDVDQLPSRUWDQWREMHFW
LQWKHVWXG\RIWKHFRXQWU\VLGHDQGDVWKHEDVLFFRQ
VWLWXHQWREMHFWRIWKHUXUDOVHWWOHPHQWHVSHFLDOO\LWV
FKURQRORJLFDO FKDUDFWHULVWLFV QRW RQO\ UHIOHFWV WKH
RYHUDOO GHYHORSPHQW SHULRG RI WKH FRXQWU\VLGH WKH
HFRQRPLFOHYHORIWKHFRXQWU\VLGHDQGWKHVWDJHRI
HYROXWLRQ EXW DOVR SURYLGHV D FHUWDLQ EDVLV IRU WKH
TXDQWLWDWLYHVWXG\RIWKHHYROXWLRQRIUXUDOGHYHORS
PHQW>@7KHUHIRUHLWZLOOEHRIJUHDWVLJQLILFDQFH
WRVWXG\WKHLGHQWLILFDWLRQFODVVLILFDWLRQRIWKHFRQ
VWUXFWLRQDJHRIUXUDOKRXVLQJ
:LWKWKHFRQWLQXRXVODXQFKRIKLJKUHVROXWLRQ
UHPRWHVHQVLQJLPDJHVDWHOOLWHVDWKRPHDQGDEURDG
LW LV EHFRPLQJ HDVLHU WR REWDLQ KLJKUHVROXWLRQ LP
DJHVDQGUHPRWHVHQVLQJLPDJHGDWDKDVHQWHUHGWKH
HUDRIELJGDWD´5HPRWHVHQVLQJLPDJHLQWHUSUHWD
WLRQLQFOXGHVYLVXDOLQWHUSUHWDWLRQKXPDQFRPSXWHU
LQWHUDFWLRQ LQWHUSUHWDWLRQ NQRZOHGJHEDVHG UHPRWH
VHQVLQJLPDJHLQWHUSUHWDWLRQLPDJHLQWHOOLJHQWLQWHU
SUHWDWLRQDQGVRRQ>@9LVXDOLQWHUSUHWDWLRQLVPDQ
XDO LQWHUSUHWDWLRQ PDQXDO LQWHUSUHWDWLRQ H[WUDFWLRQ
EXLOGLQJ LV QRW RQO\ D KXJH ZRUNORDG EXW DOVR KDV
HPSLULFDO SUREOHPV IRU WKH LQWHUSUHWHU VWRLF LV UH
TXLUHG WR KDYH D FHUWDLQ GHJUHH RI SURIHVVLRQDO
NQRZOHGJH >@7KHUHIRUHWKHXVHRIFRPSXWHUIRU
DXWRPDWLFLQWHUSUHWDWLRQDQGH[WUDFWLRQKDVEHFRPHD
KRWWRSLFIRUUHOHYDQWH[SHUWVDQGVFKRODUV


0$7(5,$/6$1'0(7+2'6

6FHQHOHYHO UHPRWH VHQVLQJ LPDJH FODVVLILFD
WLRQLVDQH[WHQVLRQRIWKHFRQFHSWRIVFHQHFODVVL
ILFDWLRQLQWKHILHOGRIFRPSXWHUYLVLRQ,WUHIHUVWKDW
IRU WKHJLYHQ VFHQH LPDJH WKH FODVVLILFDWLRQ RI WKH
VKRRWLQJVFHQHLVGHWHUPLQHGE\LWVPDLQFRQWDLQLQJ
FRQWHQW0HDQZKLOHWKHLPDJHFODVVLILFDWLRQLVFRQ
GXFWHGDFFRUGLQJWRWKHJLYHQVHPDQWLFODEHO7KHUH
IRUH WKH VRFDOOHG VFHQH UHFRJQLWLRQ FDQ DOVR EH
XQGHUVWRRGDVWKHUHFRJQLWLRQRIWKHPDLQWDUJHWFDW
HJRU\LQWKHLPDJH+RZHYHUGXHWRWKHUHPRWHVHQV
LQJLPDJHV¶VSHFLILFDWWULEXWHVVXFKDVWKHFRPSOH[
JHRPHWULFVWUXFWXUHHWFWKHVDPHODQGW\SHKDVYDU
LRXVIRUPVRIH[LVWHQFHDQGVLPLODUJHRPHWULFDQG
WH[WXUHFKDUDFWHULVWLFVFDQEHSURFHVVHGE\GLIIHUHQW
ODQGW\SHVZKLFKPDNHWKHVFHQHFODVVLILFDWLRQVWLOO
IDFHVVHYHUHFKDOOHQJHV>@7KDQNVWRWKHDGYDQFH
PHQWRIUHPRWHVHQVLQJWHFKQRORJ\LPDJHGDWDKDV
JUHDWO\ LPSURYHG LQ DVSHFW RI GDWD PDJQLWXGH DQG
GLIILFXOW\RIDFTXLVLWLRQORZHULQJWKHHQWU\WKUHVKROG

IRUVFHQHFODVVLILFDWLRQDQGJUHDWO\SURPRWHGWKHGH
YHORSPHQWRIVFHQHFODVVLILFDWLRQWHFKQRORJ\2YHU
DOOQRPDWWHUZKLFKFODVVLILFDWLRQPRGHOLVDGRSWHG
WKHNH\WRLPSURYLQJWKHDFFXUDF\RIVFHQHFODVVLIL
FDWLRQLVWRLPSURYHWKHH[SUHVVLYHQHVVRILPDJHH[
SUHVVLRQIHDWXUHVWKDWLVWRIXOO\PLQHLPDJHGHSWK
LQIRUPDWLRQ>@
$FFRUGLQJWRH[LVWLQJUHVHDUFKWKHH[SUHVVLYH
QHVVRILPDJHIHDWXUHVKDVDFHUWDLQUHODWLRQVKLSZLWK
WKHGHJUHHRIIHDWXUHDEVWUDFWLRQ7KHKLJKHUWKHGH
JUHHRIIHDWXUHDEVWUDFWLRQWKHEHWWHUWKHH[SUHVVLYH
SHUIRUPDQFH$FFRUGLQJWRWKHGHJUHHRIDEVWUDFWLRQ
RIIHDWXUHV>@WKHIHDWXUHVFDQEHGLYLGHGLQWRWKUHH
OHYHOVORZHUOHYHOIHDWXUHPLGGOHOHYHOIHDWXUHDQG
KLJKOHYHOIHDWXUH

&ODVVLILFDWLRQ RI 5HPRWH 6HQVLQJ ,PDJHV
ZLWK/RZHUOHYHO)HDWXUHV%XLOGLQJVDVRQHRIWKH
PRVWLPSRUWDQWW\SHVRIDUWLILFLDOWDUJHWVLQWKHEDVLF
JHRJUDSKLFGDWDEDVHKDYHWKHPRVWIUHTXHQWFKDQJHV
7KHUHIRUHEHLQJXSGDWHGLQWLPHLVPRVWQHHGHG$W
WKH VDPH WLPH EXLOGLQJV DUH DOVR RQH RI WKH PRVW
ZLGHO\ GLVWULEXWHG DQG PRVW LPSRUWDQW JURXQG RE
MHFWVLQXUEDQDQGUXUDOUHPRWHVHQVLQJLPDJHV$V
WKH ZD\ RI PDQXDOO\ LQWHUSUHWLQJ DQG H[WUDFWLQJ
EXLOGLQJV LV WLPHFRQVXPLQJ DQG ODERULQWHQVLYH
KRZWRDXWRPDWLFDOO\H[WUDFWWKHPE\FRPSXWHUVKDV
EHFRPHDKRWUHVHDUFKKRWVSRW
7KHGDWDGULYHQPHWKRGLQZKLFKIHDWXUHVDUH
UHJDUGHGDVDFRPELQDWLRQRIPDQ\XQGHUO\LQJIHD
WXUHVH[WUDFWVWDUJHWIHDWXUHVE\PDQXDOO\GHVLJQLQJ
IHDWXUHUXOHV>@$WSUHVHQWLWPDLQO\LQFOXGHVJH
RPHWULFERXQGDU\EDVHGUHJLRQEDVHGVHJPHQWDWLRQ
DQG DX[LOLDU\ LQIRUPDWLRQEDVHG >@ ,Q WKH 9HU\
+LJK5HVROXWLRQ 9+5 5HPRWH6HQVLQJ 56 FODV
VLILFDWLRQWDVNDQRYHOVXSHUSL[HOJXLGHG0RUSKR
ORJLFDO3URILOH 6303 ZDVLQWURGXFHGDVWKHVSDWLDO
IHDWXUH H[WUDFWRU ,W HOLPLQDWHV WKH OLPLWDWLRQV FRQ
WDLQLQJ LQ ([WHQGHG 0RUSKRORJLFDO 3URILOHV (03 
DQG 0SV :LWK 3DUWLDO 5HFRQVWUXFWLRQ 0335  IRU
H[DPSOHTXDQWLWDWLYHUHVWULFWLRQLQFRPSOHWHPDWFK
EHWZHHQWKHVL]HDQGVKDSHRIWKHVWUXFWXUDOHOHPHQWV
6( HWF5HIHUHQFH>@H[WUDFWHGWKHJHRPHWULFDQG
JUD\IHDWXUHVRIEXLOGLQJV)LUVWVLPSOHOLQHDULWHUD
WLYHFOXVWHULQJ 6/,& ZDVXVHGWRGLYLGHWKHVDWHOOLWH
UHPRWH VHQVLQJ LPDJH LQWR VXSHUSL[HOV 7KHQ WKH
IHDWXUHVRIWKHVXSHUSL[HOWH[WXUHZHUHH[WUDFWHGWR
FDOFXODWH WKH HQHUJ\ FKDUDFWHULVWLFV DQG VSHFWUDO
FKDUDFWHULVWLFV RI WKH *DERU WH[WXUH )LQDOO\ FORXG
GHWHFWLRQ H[SHULPHQWV ZHUH SHUIRUPHG RQ YDULRXV
VHQVRU LPDJHVZLWK WKUHHYLVLEOHEDQGV DQGD QHDU
LQIUDUHGEDQG([SHULPHQWDOUHVXOWVVKRZHGWKDWWKH
PHWKRG KDG H[FHOOHQW DYHUDJH RYHUDOO DFFXUDF\ IRU
WKLFN DQG WKLQ FORXGV XQGHU FRPSOH[ EDFNJURXQGV
VXFKDVIRUHVWVVHDSRUWVDQGVQRZ\PRXQWDLQV5HI
HUHQFH>@GHVLJQHGDQ$GDSWLYH&RQGLWLRQDO5DQ
GRP )LHOG $&5)  PRGHO WR XWLOL]H VSDWLDO LQIRU
PDWLRQ PRUH IOH[LEO\ DQG LPSURYH DFFXUDF\ ,Q
$&5)VSDWLDOXQLIRUPLW\ZDVDGRSWHGWRLPSOHPHQW
VHOIDGDSWLYHSDUDPHWHUFRQWUROVRWKDWWKHLQIOXHQFH



E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


RIWKHXQDU\SRWHQWLDODQGSDLUHGSRWHQWLDOVRIGLIIHU
HQW SL[HOV FRXOG EH HYDOXDWHG 5HIHUHQFH >@ SUR
SRVHG WKH DSSOLFDELOLW\ RI $GYDQFHG 6SDFHERUQH
7KHUPDO(PLVVLRQDQG5HIOHFWLRQ5DGLRPHWHU $6
7(5 GDWDLQWKHOLWKRORJ\FODVVLILFDWLRQRI<DQVKDQ
LQ WKH HDVWHUQ SDUW RI HDVWHUQ 6KDQGRQJ 5HIHUHQFH
>@FRQGXFWHGDQH[WHQVLYHODWHVWVXUYH\RI2EMHFW
%DVHG ,PDJH $QDO\VLV 2%,$  WHFKQRORJ\ GLV
FXVVHG GLIIHUHQW VHJPHQWDWLRQ WHFKQLTXHV DQG WKHLU
DSSOLFDELOLW\LQ2%,$DQGH[SODLQHGWKHFRQFHSWXDO
GHWDLOV RI WKHVH WHFKQLTXHV DV ZHOO DV WKHLU DG
YDQWDJHVDQGGLVDGYDQWDJHV

&ODVVLILFDWLRQRI$QFLHQW9LOODJHVZLWK0LG
GOHOHYHO )HDWXUHV IRU 5HPRWH 6HQVLQJ ,PDJHV
$QFLHQWYLOODJHUHVLGHQFHVDUHKRXVHVLQUXUDODUHDV
PDLQO\IRUDJULFXOWXUDOSURGXFHUV,QDGGLWLRQWRWKH
JHQHUDOOLYLQJSDUWWKHUXUDOUHVLGHQFHRIDJULFXOWXUDO
SURGXFHUVDOVRLQFOXGHVKRXVHVIRUDJULFXOWXUDOSUR
GXFWLRQ VXFK DV DJULFXOWXUDO PDFKLQHU\ VWRUDJH
SRXOWU\DQGOLYHVWRFNEUHHGLQJSODFHVDQGRWKHUVLGH
OLQH SURGXFWLRQ IDFLOLWLHV 6RPHWLPHV UXUDO KRXVHV
DOVRUHIHUWRUXUDOVHOIEXLOWKRXVHV
:LWKWKHGHYHORSPHQWRIHFRQRP\DQGWKHSUR
SRVDORIQHZUXUDOSROLF\PRUHDQGPRUHH[SHUWVDQG
VFKRODUV SXW WKH UHVHDUFK IRFXV LQWR WKH QHZ UXUDO
KRXVLQJGHVLJQ5HIHUHQFH>@ FRQGXFWHGDQDFFX
UDF\DVVHVVPHQWRIWKHVHOHFWHGPHWKRGDQGVDWHOOLWH
VHQVRUVXVLQJLQGHSHQGHQWJURXQGWUXWKWRGHWHUPLQH
WKHTXDOLW\RIWKHLQIRUPDWLRQGHULYHGIURPWKHLPDJH
FODVVLILFDWLRQ SURFHVV 5HIHUHQFH >@ SURSRVHG D
VWDWHRIWKHDUW PDFKLQH OHDUQLQJ PRGHO IRU LPDJH
LQSDLQWLQJQDPHO\D:DVVHUVWHLQ*HQHUDWLYH$GYHU
VDULDO1HWZRUNEDVHGRQDIXOO\FRQYROXWLRQDODUFKL
WHFWXUHZLWKDFRQWH[WXDODWWHQWLRQPHFKDQLVP7KH
H[SHULPHQWDOUHVXOWVVKRZHGWKDWWKHPRGHOFRXOGEH
VXFFHVVIXOO\WUDQVIHUUHGWRWKHVHWWLQJVRI'LJLWDO(O
HYDWLRQ0RGHOV '(0 ILOOLQJWKHJDSE\JHQHUDWLQJ
VHPDQWLFDOO\ UHDVRQDEOH GDWD ,Q UHIHUHQFH >@ DQ
HQGWRHQG WUDLQDEOH *DWHG 5HVLGXDO 5HILQHPHQW
1HWZRUN *551HW  ZDV VWXGLHG ZKLFK LQWHJUDWHG
KLJKUHVROXWLRQ DHULDO LPDJHV DQG /L'$5 SRLQW
FORXGVIRUFODVVLILFDWLRQRIEXLOGLQJVDIWHUIHDWXUHH[
WUDFWLRQ7KHPRGLILHGUHVLGXDOOHDUQLQJQHWZRUNZDV
XVHGDVWKHHQFRGHUSDUWRI*551HWWROHDUQPXOWL
OHYHOIHDWXUHVIURPWKHIXVLRQGDWDDQGD*DWH)HD
WXUH/DEHOLQJ *)/ XQLWZDVLQWURGXFHGWRUHGXFH
XQQHFHVVDU\ IHDWXUH WUDQVPLVVLRQ DQG RSWLPL]H WKH
FODVVLILFDWLRQUHVXOWV

$SSOLFDWLRQV RI 6HJPHQWDWLRQ DQG &ODVVLIL
FDWLRQZLWK+LJK/HYHO)HDWXUHVIRU5HPRWH6HQV
LQJ ,PDJHV &RPSDUHG ZLWK WKH IRUPHU WZR WKH
KLJKOHYHOIHDWXUHVH[WUDFWHGE\GHHSOHDUQLQJGRQRW
UHO\RQPDQXDOGHVLJQ,QVWHDGWKHPRGHOIRUPVVH
PDQWLF FRJQLWLRQ RI FODVVLILFDWLRQ ODEHOV IURP WKH
GDWDWKURXJKWKHWUDLQLQJSURFHVV+LJKOHYHOIHDWXUHV
DGRSW GHHS OHDUQLQJ WHFKQRORJ\ WR LQFUHDVH WKH GL
PHQVLRQV RI IHDWXUHV LQ D PXOWLVWDJH ZD\ DQG IL

QDOO\IRUPKLJKGLPHQVLRQDOIHDWXUHVFRQWDLQLQJVH
PDQWLFLQIRUPDWLRQZKLFKKDYHVWURQJHUH[SUHVVLRQ
FDSDELOLW\ WKDQ ORZOHYHO DQG PLGGOHOHYHO IHDWXUHV
>@'XHWRWKHUHODWLRQVKLSEHWZHHQWKHH[SUHVVLYH
QHVV RI IHDWXUHV DQG WKH GHJUHH RI DEVWUDFWLRQ WKH
IHDWXUHVZLWKJRRGH[SHULPHQWDOSHUIRUPDQFHDUHRI
WHQPRUHFRPSOH[ZKLFKPDNHVWKHKLJKOHYHOIHD
WXUHVJUDGXDOO\EHFRPHWKHUHVHDUFKWUHQG,QUHFHQW
\HDUVGHHSOHDUQLQJWHFKQRORJ\KDVGHYHORSHGUDS
LGO\DQGKDVSOD\HGDQLPSRUWDQWUROHLQPDQ\ILHOGV
$V D FODVVLFDO EUDQFK RI GHHS OHDUQLQJ &RQYROX
WLRQDO 1HXUDO 1HWZRUNV &11  KDV EHFRPH D UH
VHDUFKKRWVSRWZLWKLWVSRZHUIXOOHDUQLQJDELOLW\$W
SUHVHQWWKHUHDUHWKUHHPDLQFODVVLILFDWLRQPHWKRGV
RIUHPRWHVHQVLQJLPDJHVEDVHGRQ&11DVIROORZV

7KHSUHWUDLQHG&11VPRGHOLVXVHGDVIHD
WXUH H[WUDFWRU 7KH VWDFNHG QHWZRUN VWUXFWXUH RI
&11VPDNHVLWSRVVLEOHWRH[WUDFWIHDWXUHVIURPORZ
OHYHOWRKLJKOHYHO7KHUHIRUHVRPHVFKRODUVGLUHFWO\
XVHSUHWUDLQHG&11VWRH[WUDFWLPDJHIHDWXUHVZLWK
GLIIHUHQW GHJUHHV RI DEVWUDFWLRQ DQG WKHQ FRPELQH
WKHPZLWKFODVVLILHUDOJRULWKPWRLPSURYHWKHFODVVL
ILFDWLRQDFFXUDF\

)LQH WXQLQJ WKH SUHWUDLQHG &11V PRGHO
%DVHGRQWKHSUHWUDLQHG&11VWKHWDUJHWGDWDVHWLV
XVHGWRWUDLQVRPHFHUWDLQOD\HUVLQWKHVWUXFWXUHRI
&11V 7KH DGYDQWDJHRI WKLV PHWKRG LV WKDW LW FDQ
UHGXFH WKH WUDLQLQJ DPRXQW RI WKH SUHYLRXV VHYHUDO
OD\HUVRI&11LPSURYLQJWKHWUDLQLQJHIILFLHQF\DQG
WKHFODVVLILFDWLRQUHVXOW

7UDLQ QHZ &11V PRGHO DUFKLWHFWXUH 7KH
SUHWUDLQHG &11 FRQWDLQV KXQGUHGV RI LPDJH FDWH
JRU\LQIRUPDWLRQZKLOHLQWKHDFWXDOUHPRWHVHQVLQJ
LPDJHFODVVLILFDWLRQRQO\DIHZODQGW\SHVQHHGWR
EHGLVWLQJXLVKHG7KHUHIRUHVRPHVFKRODUVWUDLQWKH
QHWZRUNSDUDPHWHUVWKURXJKPDVVLYHGDWDEDVHGRQ
UDQGRPLQLWLDOL]DWLRQRI&11VZKLFKDOVRLPSURYH
WKH FODVVLILFDWLRQ DFFXUDF\ +RZHYHU WKLV PHWKRG
KDV KLJKHU UHTXLUHPHQWV IRU GDWD PDJQLWXGH DQG
FRPSXWHUKDUGZDUHHTXLSPHQW0RUHRYHULWLVGLIIL
FXOWWRDFKLHYHJRRGFODVVLILFDWLRQSHUIRUPDQFHIRU
VPDOOVDPSOHV>@
5HIHUHQFH>@VROYHGWKHSUREOHPRIPXOWLOD
EHO VFHQH FODVVLILFDWLRQ LQ XOWUDKLJK UHVROXWLRQ
9+5 VDWHOOLWHUHPRWHVHQVLQJ 56 LPDJHVE\H[
SORULQJ WKH 'HHS *UDSK &RQYROXWLRQDO 1HWZRUN
*&1 $WWKHVDPHWLPHPXOWLODEHOFODVVLILFDWLRQ
ZDVXVHGWREHWWHUUHSUHVHQWWKHUHJLRQXQGHUFRQVLG
HUDWLRQ DQG WKH VXEVHTXHQW VXSHUYLVHG OHDUQLQJ
SUREOHPZDVPRGHOHGDFFRUGLQJWRWKHQHZPXOWLOD
EHO GHHS *&1 5HIHUHQFH >@ HVWDEOLVKHG D VHOI
OHDUQLQJSURJUDPEDVHGRQ6XSSRUW9HFWRU0DFKLQHV
690  SUXQLQJ QRQ LQIRUPDWLYH YLUWXDO VDPSOHV
IURPWKHILQDOSRVVLEOHLQYDULDQFHJHQHUDWLRQSURFHVV
WRDFKLHYHDUREXVWDQGVSDUVHPRGHOVROXWLRQ%RWK
VLPLODULW\DQGPDUJLQVDPSOLQJFRQVWUDLQWVDUHFRQ
VLGHUHGLQWKLVVHOIOHDUQLQJVWUDWHJ\5HIHUHQFH>@
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SURSRVHGDQHZFRPSRVLWHLQGH[WHFKQRORJ\QDPHO\
$GYDQFHG6ORSHEDVHG,QGH[LQJ7HFKQLTXH $6,7 
WR VHSDUDWH ODQG IHDWXUHV ZLWK VLPLODU VSHFWUDO SDW
WHUQV0HDQZKLOHWKHSRWHQWLDORIEXLOGLQJDUHDPDS
SLQJ ZDV H[SORUHG E\ FRPSDULQJ WKLV WHFKQRORJ\
ZLWKRWKHUDYDLODEOHVSHFWUDOLQGH[PHWKRGV,QDGGL
WLRQLQWKHFODVVLILFDWLRQVWDJHFODVVLILHUDOJRULWKPV
DUH XVXDOO\ XVHG WR FODVVLI\ WKH IHDWXUHV SUHYLRXVO\
H[WUDFWHG 7KH FRPPRQO\ XVHG FODVVLILHUV LQFOXGH
6XSSRUW9HFWRU0DFKLQH 690 0XOWL&ODVV2SWL
PDO0DUJLQ'LVWULEXWLRQ0DFKLQH PF2'0 $UWL
ILFLDO 1HXUDO 1HWZRUN $11  DQG 'HFLVLRQ 7UHH
'7  HWF >@ >@ %DVHG RQ WKH DIRUHPHQWLRQHG
FODVVLILHUV DQ HQVHPEOH OHDUQLQJ PRGHO ZDV SUR
SRVHG ZKLFK FRQVLGHUHG WKH GLIIHUHQFH RI LQIRU
PDWLRQFRYHUDJHEHWZHHQGLIIHUHQWFODVVLILHUV+RZ
HYHUWKHODZVRIWH[WXUHDQGJHRPHWU\LQWKHLPDJH
FDQQRWEHIXOO\OHDUQHGRQO\WKURXJKOLQHDURUQRQ
OLQHDU WUDQVIRUPDWLRQ 0RUHRYHU LWV JHQHUDOL]DWLRQ
DELOLW\LVVRSRRUWKDWWKHUHLVVWLOODODUJHVSDFHIRU
LPSURYHPHQWLQSUDFWLFDODSSOLFDWLRQ
%DVHGRQWKHDQDO\VLVDERYHWRVROYHWKHSURE
OHP WKDW WKH FODVVLILFDWLRQ DFFXUDF\ RI KLJKUHVROX
WLRQUHPRWHVHQVLQJLPDJHVRIDQFLHQWYLOODJHVLVQRW
KLJKDFODVVLILFDWLRQPHWKRGDGRSWLQJGHHSOHDUQLQJ
LVSURSRVHG7KHSURSRVHGDOJRULWKPLVXVHGWRUHDO
L]H WKH DXWRPDWLF FODVVLILFDWLRQ RI DQFLHQW YLOODJH
EXLOGLQJVZKLFKDYRLGVWKHSUREOHPVVXFKDVSHU
VRQQHOWUDLQLQJORZHIILFLHQF\DQGKLJKFRVWLQWKH
SURFHVVRIPDQXDOFODVVLILFDWLRQ7KHPDLQLQQRYD
WLRQVDUHVXPPDUL]HGDVIROORZV
 6LQFHWKHVWXG\REMHFWLVDQFLHQWYLOODJHVWKH
UHSUHVHQWDWLYH DQFLHQW YLOODJHV LQ +XEHL PRXQWDLQ
DUHDDUHVHOHFWHG7KHLPDJHGDWDVHWREWDLQHGE\UH
PRWHVHQVLQJVDWHOOLWHLVXVHGIRUPRGHOWHVWDQGWKH
GDWDSUHSURFHVVLQJLVXVHGWRDFFHOHUDWHWKHPRGHO
WUDLQLQJSURFHVV
  7R IXUWKHU LPSURYH WKH FODVVLILFDWLRQ DFFX
UDF\ $OH[1HW 9** DQG 5HV1HW QHWZRUN
PRGHOVDUHVHOHFWHGDVIHDWXUHH[WUDFWRUVFRQVLGHULQJ
WKHGLIIHUHQFHVRIGLIIHUHQWQHWZRUNPRGHOVWUXFWXUHV
%HVLGHV WKH SDUDPHWHUV RI WKH VHOHFWHG IHDWXUH H[
WUDFWRUVDUHILQHWXQHGXVLQJWKHWDUJHWGDWDVHWDLP
LQJ WR EHWWHU REWDLQ WKH EXLOGLQJ IHDWXUHV LQ WKH UH
PRWHVHQVLQJLPDJH
 &RQVLGHULQJWKHSUREOHPWKDWWKHDFFXUDF\RI
UHPRWHVHQVLQJLPDJHFODVVLILFDWLRQLVYHU\ORZWKH
SURSRVHGPHWKRGXVHVWKHRXWSXWIHDWXUHVIURPIXOO\
FRQQHFWHGOD\HURIILQHWXQLQJPRGHODVFDVFDGHIHD
WXUH $ FODVVLILFDWLRQ PHWKRG QDPHO\ 0XOWLVWUXF
WXUH &RQYROXWLRQ 1HXUDO 1HWZRUN )HDWXUH &DVFDGH
0&11)&  LV SURSRVHG &RPELQHG ZLWK 0XOWL
&ODVV 2SWLPDO 0DUJLQ 'LVWULEXWLRQ 0DFKLQH PF
2'0  WKH FODVVLILFDWLRQ UHVXOWV RI KLJKUHVROXWLRQ
UHPRWH VHQVLQJ LPDJHV RI DQFLHQW YLOODJHV DUH RE
WDLQHG





5(/$7(':25.

%HFDXVHFRQYROXWLRQDOQHXUDOQHWZRUNLVDKL
HUDUFKLFDOPRGHOVWUXFWXUHWKHLPDJHIHDWXUHVRIGLI
IHUHQWOHYHOVDQGGHSWKVRIWKHVDPH&11PRGHODUH
GLIIHUHQW*HQHUDOO\WKHORZOHYHOQHWZRUNFDQRQO\
H[WUDFWORFDOLPDJHLQIRUPDWLRQGXHWRLWVVPDOOUH
FHSWLYH ILHOG ZKLOH WKH IHDWXUH H[WUDFWHG E\ KLJK
OHYHOQHWZRUNLVPRUHKROLVWLFDQGDEVWUDFW6LPLODUO\
GLIIHUHQW&11VPRGHOVKDYHGLIIHUHQWVHQVLWLYLW\WR
LQIRUPDWLRQGXHWRWKHGLIIHUHQFHRIFRQYROXWLRQNHU
QHOVL]HDQGQHWZRUNGHSWK
7KHUHIRUH LQVSLUHG E\ WKH IHDWXUH IXVLRQ H[
SUHVVLRQ WKH PXOWL VWUXFWXUHV FRQYROXWLRQDO QHXUDO
QHWZRUNV IHDWXUH FDVFDGLQJ 0&11)&  PHWKRG LV
XVHGWRFODVVLI\WKHLQIOXHQFHRIKLJKUHVROXWLRQUH
PRWHVHQVLQJRQDQFLHQWYLOODJHV)LUVWO\DFFRUGLQJ
WR WKH GLIIHUHQFH RI QHWZRUN PRGHO VWUXFWXUH
$OH[1HW 9** DQG 5HV1HW DUH VHOHFWHG DV
IHDWXUH H[WUDFWRUV 7KH WKUHH QHWZRUN PRGHOV KDYH
VLPLODU QHWZRUN OD\HUV EXW WKHUH DUH GLIIHUHQFHV LQ
FRQVWUXFWLRQGHWDLOVPDLQO\FRQVLGHULQJWLPHFRVWRI
PRGHOWUDLQLQJDQGDIIRUGDELOLW\RIKDUGZDUHHTXLS
PHQW6HFRQGO\8&PHUJHGODQGXVHGDWDVHWWKDWLV
WKHWDUJHWGDWDVHWLVXVHGWRILQHWXQHWKHSDUDPHWHUV
RIVHOHFWHGIHDWXUHH[WUDFWRU%HFDXVHIXOOFRQQHFWLRQ
OD\HU RI &11V KDV PRUH SDUDPHWHUV WKDQ FRQYROX
WLRQOD\HURQO\IXOOFRQQHFWLRQOD\HUSDUDPHWHUVDUH
WUDLQHG 7KHQ WKH RXWSXW IHDWXUHV RI ILQHWXQLQJ
PRGHO VIXOOFRQQHFWLRQOD\HUDUHXVHGDVFDVFDGLQJ
IHDWXUHV DQG WKH FODVVLILFDWLRQ UHVXOWV DUH REWDLQHG
E\FRPELQLQJZLWKPXOWLFODVVRSWLPDOERXQGDU\DV
VLJQPHQWPDFKLQHVDVVKRZQLQ)LJXUH


),*85(
7HFKQLFDOURXWHRIODQGXVHFODVVLILFDWLRQDW
VFHQHOHYHO
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'DWD SUHSURFHVVLQJ %HIRUH PRGHOLQJ WKH
GDWDVKRXOGEHSUHSURFHVVHG7KHSUHSURFHVVLQJRS
HUDWLRQVLQFOXGHJDXVVLDQILOWHUGHQRLVLQJKLVWRJUDP
HTXDOL]DWLRQWRLQFUHDVHLPDJHFRQWUDVWDQGGDWDHQ
KDQFHPHQWWRUHGXFHWKHULVNRIPRGHORYHUILWWLQJ
)LQDOO\ VRPH LQWHUPHGLDWH UHVXOWV WKDW QHHG WR EH
XVHGDUHFDOFXODWHGDQGVDYHGLQDGYDQFHWRVSHHGXS
PRGHOWUDLQLQJSURFHVV>@

*DXVVILOWHU1RLVHFDQEHXQGHUVWRRGDVDQRE
VWDFOHWRWKHFRPSUHKHQVLRQRIVHQVRU\RUJDQVRILQ
IRUPDWLRQ UHFHLYHG )RU H[DPSOH LI WKH OXPLQDQFH
GLVWULEXWLRQRIDEODFNDQGZKLWHLPDJHLV f x y 

GLYLGHVLPDJHLQWRVPDOOUHJLRQVWKHQHTXDOL]HVKLV
WRJUDP DQG OLPLWV ORFDO FRQWUDVW ZKLFK FDQ DYRLG
H[FHVVLYHQRLVHDPSOLILFDWLRQDQGPDNHWKHGHWDLOVRI
LPDJHFOHDUHU+LVWRJUDPHTXDOL]DWLRQLVDVIROORZV
x h x

 
y f x
L  ¦
g
 k
:KHUH y UHSUHVHQWV WKH JUD\ YDOXH RI SUR
FHVVHG SL[HO x UHSUHVHQWV WKH SL[HO RI HDFK JUD\
OHYHO L UHSUHVHQWV WKH JUD\ OHYHO  h x UHSUH
VHQWVWKHWRWDOQXPEHURISL[HOVZLWKJUD\OHYHO k DQG
g UHSUHVHQWV WKH ZLGWK DQG KHLJKW RI LPDJH 7KH
5*%FKDQQHOVRILPDJHZHUHSURFHVVHGE\&/$+(
XVLQJ2SHQ&9DQGWKHQPHUJHGLQWRWKHILQDOLPDJH

'DWD HQKDQFHPHQW 'DWD HQKDQFHPHQW WHFK
QRORJ\FDQDFKLHYHWKHHIIHFWRIGDWDDPSOLILFDWLRQ
ZKHQGDWDVHWLVOLPLWHGWRUHGXFHWKHULVNRIPRGHO
RYHU ILWWLQJ 7KH GDWD HQKDQFHPHQW WHFKQRORJ\ LQ
FOXGHVXSDQGGRZQIOLSKRUL]RQWDOIOLSURWDWLRQRS
HUDWLRQWUDQVODWLRQRSHUDWLRQHWF7KHSUREDELOLW\RI
HDFKRSHUDWLRQLVVHWWRDQGRULJLQDOLPDJHDQG
PDUNLQJ LQIRUPDWLRQ RI EXLOGLQJ VKRXOG EH FDUULHG
RXW DW WKH VDPH WLPH >@ 7KHVH RSHUDWLRQV DUH
PDLQO\XVHGIRUGDWDHQKDQFHPHQWLQWUDLQLQJSKDVH
WR DOOHYLDWH WKH RYHU ILWWLQJ ULVN RI PRGHO ,Q WKH
PRGHOYDOLGDWLRQVWDJHZHFDQDOVRXVHDYDULHW\RI
WUDQVIRUPHGLPDJHVWRJHWPXOWLSOHODEHOLQJUHVXOWV
DQGWKHQZHFDQXVHPDMRULW\YRWLQJRUDYHUDJHVWUDW
HJ\7KLVZLOOEHQHILWWKHFODVVLILFDWLRQDFFXUDF\RI
UHPRWHVHQVLQJLPDJHEXWLWZLOOUHGXFHH[WUDFWLRQ
HIILFLHQF\EHFDXVHWKLVSDSHUSD\VPRUHDWWHQWLRQWR
WKHUHYHQXHRIDOJRULWKPVRWKLVVWUDWHJ\LVQRWXVHG
LQYHULILFDWLRQVWDJH

'DWDSUHSURFHVVLQJ7KHWUDLQLQJPRGHOQHHGV
IRXUSDUWVRIGDWDZKLFKDUHWKHRULJLQDOUHPRWHVHQV
LQJLPDJHPDUNHUGDWDLPDJHSL[HOZHLJKWGDWDDQG
HGJH SL[HO GDWD ERUGHU  ,I WKHVH GDWD DUH G\QDPL
FDOO\JHQHUDWHGLQPRGHOWUDLQLQJVWDJHWKHVSHHGRI
PRGHO WUDLQLQJ ZLOO EH JUHDWO\ UHGXFHG 7KHUHIRUH
WKHVHGDWDZLOOEHSUHFDOFXODWHGDQGVDYHGWRKDUG
GLVNZKLFKFDQEHGLUHFWO\UHDGDQGXVHGLQPRGHO
WUDLQLQJVWDJH7KHIROORZLQJGHVFULEHVKRZWRREWDLQ
WKLVSDUWRIGDWD WDNLQJEXLOGLQJVDVDQH[DPSOH 

0DUNLQJ LQIRUPDWLRQ %HFDXVH 06&2&2
GDWDIRUPDWLVXVHGLQWKHGDWDVHWLWLVYHU\FRQYHQ
LHQWWRH[WUDFWWKHODEHOLQIRUPDWLRQRIEXLOGLQJ+HUH
DVLQJOHFKDQQHOLPDJHZLWKWKHVDPHVL]HDVRULJLQDO
LPDJH LV RXWSXW LQ ZKLFK WKH SL[HO UHSUHVHQWLQJ
EXLOGLQJLVPDUNHGDVDQGWKHEDFNJURXQGSL[HOLV
PDUNHGDV

:HLJKWLQIRUPDWLRQRILPDJHSL[HOV,QRUGHU
WREHWWHUGLVWLQJXLVKWKHHGJHRIWZRDGMDFHQWEXLOG
LQJVDQGSUHYHQWSKHQRPHQRQRIFRQJOXWLQDWLRQWKH
SL[HO ZHLJKW RI HDFK LPDJH LV VDYHG DV D ' DUUD\
DQGVDYHGLQWKHILOHWRIDFLOLWDWHORDGLQJRIPRGHOLQ
WUDLQLQJVWDJH

WKHQ WKH OXPLQDQFH GLVWULEXWLRQ l x y WKDW LQWHU
IHUHVZLWKLWVUHFHSWLRQLVLPDJHQRLVH7KHUHDUHWZR
PDLQVRXUFHVRILPDJHQRLVHRQHLVWKHLQIOXHQFHRI
VHQVRU PDWHULDO SURSHUWLHV HOHFWURQLF GHYLFHV DQG
ZRUNLQJHQYLURQPHQWLQDFTXLVLWLRQSURFHVVDQGWKH
RWKHULVWKHQRLVHSROOXWLRQLQWUDQVPLVVLRQSURFHVV
1RLVHLVWKHSURGXFWRIPDQ\UDQGRPSURFHVVHVVRLW
LVGHILQHGDVWKHUDQGRPHUURUZKLFKFDQQRWEHSUH
GLFWHGDQGFDQRQO\EHUHFRJQL]HGE\SUREDELOLW\DQG
VWDWLVWLFV7KHFRPPRQQRLVHW\SHVLQFOXGH*DXVVLDQ
QRLVHVDOWDQGSHSSHUQRLVHPXOWLSOLFDWLYHQRLVHHWF
7KHFRPPRQGHQRLVLQJDOJRULWKPVDUHGLYLGHGLQWR
VSDWLDO GRPDLQ ILOWHULQJ JDXVVLDQ ILOWHULQJ PHGLDQ
ILOWHULQJHWF DQGWUDQVIRUPGRPDLQILOWHULQJ ZDYH
OHWWUDQVIRUPIRXULHUWUDQVIRUPHWF DPRQJZKLFK
WKH*DXVVLDQILOWHULQJEHORQJVWRVSDWLDOGRPDLQILO
WHULQJ
*DXVVLDQ ILOWHU FDQ UHPRYH JDXVVLDQ QRLVH LQ
WKHLPDJHYHU\ZHOO,WLVDOLQHDUILOWHUWKDWLVHDFK
SL[HOWDNHVZHLJKWHGDYHUDJHYDOXHRILWVVXUURXQG
LQJSL[HOVDQGWKHQXPEHURIVXUURXQGLQJSL[HOVLV
GHWHUPLQHGE\WKHVL]HRILWVFRQYROXWLRQNHUQHO,Q
WKH LPSOHPHQWDWLRQ RI *DXVVLDQ ILOWHULQJ JDXVVLDQ
NHUQHOLVJHQHUDOO\XVHGWRVFDQHDFKSL[HOLQLPDJH
DQGWKHQZHLJKWHGDYHUDJHYDOXHLVXVHGWRUHSODFH
WKHYDOXHRIPLGGOHSL[HO7KHVSHFLILFRSHUDWLRQLV
VKRZQLQ)RUPXOD˖

IV
GV

I GV

SV

H[S


 x  y   V 



 

:KHUH I LV WKH RULJLQDO LPDJH GV LV WKH
*DXVVLDQNHUQHO VWDQGDUGGHYLDWLRQLV V DQG IV LV
WKHLPDJHDIWHU*DXVVLDQILOWHULQJ7KHVL]HRI*DXVV
LDQNHUQHOLVVWDQGDUGGHYLDWLRQLVDQGFDOFXODWHG
*DXVVLDQNHUQHOLVQRUPDOL]HG7KH2SHQ&9JDXVV
LDQILOWHULVXVHGWRPDNHWKHLPDJHVPRRWKHUDQGUH
GXFHQRLVH

+LVWRJUDPHTXDOL]DWLRQ*HQHUDOO\VSHDNLQJ
LIWKHSL[HOYDOXHVRIDQLPDJHDUHFOXVWHUHGLQDQH[
FHVVLYHO\OLPLWHGUDQJHLWZLOOSURGXFHDEDGLPSUHV
VLRQ>@7KHUHIRUHLQRUGHUWRHQKDQFHWKHFRQWUDVW
RIORFDOLPDJHVFRQWUDVWOLPLWHGDGDSWLYHKLVWRJUDP
HTXDOL]DWLRQ &/$+( WHFKQRORJ\LVXVHG&/$+(
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(GJH SL[HO LQIRUPDWLRQ RI EXLOGLQJV )URP
WKHUHVXOWVRILQLWLDOWUDLQLQJPRGHOLWLVREVHUYHGWKDW
WKH HGJH RI EXLOGLQJ LV MDJJHG 7KLV LV PDLQO\ EH
FDXVHWKHPRGHOGRHVQRWUHFRJQL]HEXLOGLQJHGJHLQ
IRUPDWLRQ ZHOO ,Q RUGHU WR PDNH WKH PRGHO EHWWHU
OHDUQ EXLOGLQJ HGJH SL[HO LQIRUPDWLRQ WKH V\VWHP
JLYHVEXLOGLQJHGJHSL[HODQGEDFNJURXQGSL[HOFORVH
WREXLOGLQJHGJHSL[HOKLJKHUZHLJKW7KHUHIRUHWKH
EXLOGLQJ HGJH SL[HO LQIRUPDWLRQ RI HDFK LPDJH LV
VDYHGLQWRD'DUUD\ZLWKWKHVDPHVL]HDVRULJLQDO
LPDJH 7KH EXLOGLQJ HGJH SL[HOV DQG EDFNJURXQG
SL[HOVDGMDFHQWWREXLOGLQJHGJHDUHPDUNHGZLWK
ZLGWKLV DQGUHPDLQLQJSL[HOVDUHPDUNHGZLWK

'DWD GLVWULEXWLRQ ,Q RUGHU WR EHWWHU XQGHU
VWDQG WKH GDWD WKH GLVWULEXWLRQ FKDUDFWHULVWLFV RI
EXLOGLQJV LQ GDWD VHW DUH VWDWLVWLFDOO\ DQDO\]HG $V
VKRZQLQ)LJXUHIRUWKHGDWDVHWHDFKSLFWXUHFRQ
WDLQV WKH GLVWULEXWLRQ KLVWRJUDP RI WKH QXPEHU RI
EXLOGLQJV,WFDQEHVHHQWKDWPRVWRISLFWXUHVFRQWDLQ
OHVV WKDQ  EXLOGLQJV $QG FDOFXODWH PHDQ DQG
VWDQGDUGGHYLDWLRQRIWKHQXPEHURIEXLOGLQJVLQHDFK
LPDJHRIGDWDVHWGLVWULEXWLRQLVPRUHFRQFHQWUDWHG
DQGWKHQXPEHURIEXLOGLQJVLVUHODWLYHO\VPDOO


1XPEHURIEXLOGLQJV

OHVVWKDQSL[HOV7KHPHDQDQGVWDQGDUGGHYLD
WLRQRIWKHQXPEHURISL[HOVRFFXSLHGE\EXLOGLQJV
DUHFDOFXODWHGDYHUDJHQXPEHURISL[HOVRFFXSLHGE\
EXLOGLQJVLVWKHPRVWGLVWULEXWLRQLVPRUHXQLIRUP
DQGYDULDQFHLVWKHODUJHVW


),*85(
+LVWRJUDPRIEXLOGLQJVL]HGLVWULEXWLRQ


5(68/76

0RGHO VHOHFWLRQ RI FDVFDGHG FRQYROXWLRQ
QHXUDOQHWZRUN7KH&11VQHWZRUNVWUXFWXUHKDVD
YHU\LPSRUWDQWLPSDFWRQPRGHOSHUIRUPDQFHXVLQJ
WKH$OH[1HWWKH9**DQGWKH5HV1HWDVDQ
H[SHULPHQWDOPRGHOEDVHGRQWKHSUHWUDLQHGPRGHO
SURYLGHGE\0DW&RQY1HWDQGWKHFKDUDFWHULVWLFVRI
HDFKQHWZRUNPRGHODUHDVIROORZV

$OH[1HW PRGHO $OH[ 1HW ZDV GHVLJQHG E\
+LQWRQDQGKLVVWXGHQW$OH[.UL]KHYVN\DWWKH
,PDJH 1HW FRPSHWLWLRQ DQG ZRQ WKH FRPSHWLWLRQ
&RPSDUHG ZLWK WKH SUHYLRXV FRQYROXWLRQDO QHXUDO
QHWZRUNVWKHNH\WRWKHVXFFHVVRI$OH[QHWOLHVLQ
WKHIROORZLQJDVSHFWVᬅ7KH5H/8DFWLYDWLRQIXQF
WLRQ LV LQWURGXFHG WR VROYH WKH SUREOHP RI JUDGLHQW
YDQLVKLQJLQQHXUDOQHWZRUNᬆ,QRUGHUWRDYRLGWKH
SUREOHP RI PRGHO RYHUILWWLQJEURXJKW DERXW E\ WKH
GHHSHQLQJ RI WKH QHWZRUN WKH 'URSRXW UHJXODUL]D
WLRQUXOHLVDGGHGWRWKHWUDLQLQJQHWZRUNVRWKDWWKH
LPSOLHGOD\HUFDQUDQGRPO\GHOHWHVRPHQHXURQV

),*85(
+LVWRJUDPRIEXLOGLQJQXPEHUGLVWULEXWLRQ

7KH GLVWULEXWLRQ KLVWRJUDP RI WKH QXPEHU RI
SL[HOVRFFXSLHGE\EXLOGLQJVLVVKRZQLQ)LJXUH
,WFDQEHVHHQIURP)LJXUHWKDWWKHQXPEHURI
SL[HOVLQEXLOGLQJVLQGDWDVHWLVUHODWLYHO\ODUJHDQG
WKH GLVWULEXWLRQ LV UHODWLYHO\ XQLIRUP LQ LQWHUYDO RI
&RQY

0D[3RRO

)&

,QSXW

  
  

  

  
  
     
2XWSXW

  



  



6RIWPD[



),*85(
6WUXFWXUHRI$OH[1HW
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ᬇ,QWKHSRROOD\HUWKHPD[LPXPSRROLQJLVXVHG
LQVWHDG RI WKH DYHUDJH SRROLQJ WR DYRLG WKH IX]]\
FKDUDFWHULVWLFVFDXVHGE\WKHDYHUDJHSRROLQJᬈ/R
FDOUHVSRQVHVHOIUHJUHVVLRQOD\HU /51 LVSURSRVHG
WRHQKDQFHWKHJHQHUDOLW\RIWKHPRGHOE\HQKDQFLQJ
WKHYDOXHRIDFWLYHQHXURQVDQGVXSSUHVVLQJWKHYDO
XHV RI QHXURQV ZLWK VPDOO IHHGEDFN >@ $OH[1HW
KDV HLJKW OD\HUV WKH ILUVW  RI ZKLFK DUH FRQYROX
WLRQDOOD\HUVDQGWKHODVWOD\HUVDUHIXOO\FRQQHFWHG
OD\HUVDQGWKHQHWZRUNVWUXFWXUHLVVKRZQLQ)LJXUH

9**PRGHO9**1HWZDVPRGHOOHGE\6L
PRQ\DQLQWKH,PDJH1HW&RQWHVWDQGILQLVKHG
VHFRQG LQ WKDW \HDU V FRPSHWLWLRQ DFKLHYLQJ 7RS
DFFXUDF\LQWKHFDWHJRU\FODVVLILFDWLRQ
WDVN7KH9**LVRQHRIWKHPRVWFODVVLF9**
1HWVDQGLVNQRZQDV9**EHFDXVHLWFRQVLVWVRI
FRQYROXWLRQDOOD\HUVDQGIXOOFRQQHFWLRQOD\HUV
7KH9**XQLILHGWKHFRQYROXWLRQFRUHWRDVL]H
RI[FRPSDUHGWRWKHSUHYLRXVQHWZRUNIROORZHG
E\DIXUWKHUGHSWKRIWKHQHWZRUN7KHQHWZRUNVWUXF
WXUHLVVKRZQLQ)LJXUH


[LGHQWLW\

[

:HLJKWOD\HU
) [ [

5HXO

),*85(
5HVLGXDO%ORFN




,QWKHLPDJHDERYH X LVWKHLQSXWRIWKHFXU
UHQW UHVLGXDO EORFN f X LV WKH IHDWXUH OD\HU H[
WUDFWHGE\WKHFRQYROXWLRQIHDWXUHDQGWKHVKRUWFRQ
QHFWLRQ UHIHUV WR WKH DGGLWLRQ RI LQSXW X  RU
f X  X  EHIRUH WKH DFWLYDWLRQ IXQFWLRQ RI WKH
VHFRQG FRQYROXWLRQ OD\HU RI WKH FXUUHQW UHVLGXDO
EORFN 5HV1HW  LV D NLQG RI 5HV1HW QHWZRUN
ZKLFKPHDQVWKDWWKHQHWZRUNKDVOD\HUV7KHQHW
ZRUNVWUXFWXUHSDUDPHWHUVDUHVKRZQLQ7DEOHEH
ORZ
7$%/(
6WUXFWXUHDQGSDUDPHWHUVRI5HV1HW
/D\HUQDPH
2XWSXWVL]H
OD\HU
&RQY
 
 
0D[SRRO
 
 
 

  ½
°
°
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$YJSRRO
GIFVRIWPD[

&RQYB[

&RQYB[

),*85(
6WUXFWXUHRI9**

5HXO

)[
:HLJKWOD\HU

&RQYB[




5HV1HW PRGHO,Q WKHGHHS OHDUQLQJ WDVN
WKHRUHWLFDOO\WKHGHHSHUWKHQHWZRUNOD\HULVWKHEHW
WHUWKHILWWLQJDELOLW\RIWKHPRGHOLV+RZHYHUVFKRO
DUV KDYH IRXQG WKDW ZLWK WKH GHHSHQLQJ RI WKH QHW
ZRUNOD\HUWKHDFFXUDF\RIWKHWUDLQLQJVHWGHFUHDVHV
>@ >@ 7KH UHDVRQ IRU WKLV SKHQRPHQRQ LV QHW
ZRUNGHJUDGDWLRQEHFDXVHWKHQHWZRUNLVWRRGHHS
WKH JUDGLHQW JUDGXDOO\ GHFUHDVHV DQG GLVDSSHDUV LQ
WKHSURFHVVRIEDFNSURSDJDWLRQZKLFKPDNHVLWGLI
ILFXOW WR WUDLQ WKH QHWZRUN 7R VROYH WKLV SUREOHP
.DLPLQJ +H HW DO SURSRVHG WKH UHVLGXDO QHWZRUN
5HV1HW LQDQGWUDLQHGDOD\HU5HV1HWRQ
WKH LPDJH QHW GDWDVHW DQG ILQDOO\ DFKLHYHG D JRRG
UHVXOW RI HUURU UDWH 7R VROYH WKH SUREOHP RI
QHWZRUN GHJUDGDWLRQ UHVLGXDO EORFN LV LQWURGXFHG
LQWRWKHQHWZRUNDQGDVKRUWFRQQHFWLRQLVPDGHIRU
HYHU\WZROD\HUVRIFRQYROXWLRQOD\HULQWKHQHWZRUN
WKDWLVWKHFXUUHQWIHDWXUHOD\HULVDGGHGWRWKHIHD
WXUH OD\HU DIWHU WKH WZROD\HU FRQYROXWLRQ OD\HU VR
WKDWWKHIHDWXUHVFDQEHWUDQVPLWWHGWRWKHGHHSHUQHW
ZRUN7KHVWUXFWXUHRIWKHUHVLGXDOEORFNLVVKRZQLQ
)LJXUH


)LQHWXQLQJRI&11VPRGHOSDUDPHWHUV7KH
IRUPHUFRQYROXWLRQOD\HUH[WUDFWVWKHVKDOORZEDVLF
IHDWXUHVWKHGHHSFRQYROXWLRQOD\HUH[WUDFWVWKHDE
VWUDFWIHDWXUHVDQGWKHIXOOFRQQHFWLRQOD\HUVFRUHV
DQGFODVVLILHVWKHPDFFRUGLQJWRWKHIHDWXUHFRPEL
QDWLRQ>@7KHSUHWUDLQHG&11VPRGHOKDVEHHQ
WUDLQHGZLWKDODUJHQXPEHURIGDWDVHWVDQGJLYHQ
WKH ODUJH VLPLODULW\ RI WKH GDWD VHW XVHG WR WKH SUH
WUDLQHGGDWDVHWWKHSUHWUDLQHGFRQYROXWLRQOD\HUFDQ
SURYLGH EHWWHU LQIRUPDWLRQ H[WUDFWLRQ FDSDELOLWLHV
>@7KHQHWZRUNLVWUDLQHGE\SUHWUDLQLQJFRQYROX
WLRQ OD\HU SDUDPHWHUV DQG ILQH WXQLQJ WKH ILUVW WZR
IXOOFRQQHFWLRQOD\HUV>@
&11 ILQH WXQH WKH WDUJHW GDWD VHW DQG FRUUH
VSRQGLQJ WDJV LQWR WKH QHWZRUN DQG FDOFXODWH WKH
PLQLPXP VTXDUH VXP RI HUURU EHWZHHQ WKH DFWXDO
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RXWSXW DQG WKHRUHWLFDO RXWSXW RI &11 WKURXJK UDQ
GRP JUDGLHQW GHVFHQW PHWKRG DQG XSGDWH WKH QHW
ZRUNZHLJKWDQGWKUHVKROG7KHFDOFXODWLRQIRUPXOD
LVDVIROORZV

EN

 N c n
bk  ykn
¦¦
n k 



 

LQWKHIRUPXODd  UHSUHVHQWVWKHGRZQVDPSOLQJ
IXQFWLRQ DQG E DQG e UHSUHVHQW PXOWLSOLFDWLRQ
ELDV DQG DGGLWLRQ ELDV UHVSHFWLYHO\ D SURFHVV WKDW
KHOSVUHGXFHWKHULVNRIGLPHQVLRQDOGLVDVWHUDQG
RYHUILWWLQJGXULQJWKHPDSSLQJRIIHDWXUHVWRWKHXS
SHUOHYHO>@
,QDGGLWLRQWKHIXOOFRQQHFWLRQOD\HULVUHVSRQ
VLEOH IRU PXOWLSO\LQJ HDFK RXWSXW QRGH x nj  RI WKH





f enj  E jn u d x nj 

x nj

 

,Q WKH HTXDWLRQ bkn LV WKH k GLPHQVLRQ RI WKH
WDJ FRUUHVSRQGLQJ WR WKH n WK VDPSOH x n  y nk LV WKH

k GLPHQVLRQ RI WKH DFWXDO QHWZRUN RXWSXW FRUUH
VSRQGLQJ WR WKH n WK VDPSOH c LV WKH QXPEHU RI
WUDLQLQJVDPSOHV N LVWKHQXPEHURIWUDLQLQJVDP
SOHV

)HDWXUHH[WUDFWLRQDQGKLJKOHYHOPDSSLQJ
$IWHU REWDLQLQJ WKH ILQHWXQHG &11V PRGHO LW LV
QHFHVVDU\WRXVHLWWRIHDWXUHWKHLPDJHWKHIHDWXUH
H[WUDFWLRQSURFHVVLVREWDLQHGPDLQO\E\FRQYROXWLRQ
RSHUDWLRQ RI WKH FRQYROXWLRQ OD\HU EHFDXVH &11V
FRQWDLQ PXOWLSOH FRQYROXWLRQ OD\HUV VR WKH HQWLUH
VWDJHRIWKHFDOFXODWLRQRXWSXWIURPWKHSUHFRQYROX
WLRQOD\HUWRWKHHQGRIWKHLPDJHLQSXWLVWKHSURFHVV
RI IHDWXUH DEVWUDFWLRQ WKH LPDJH IHDWXUH VHVDPH LV
DOVRFKDQJHGIURPWKHORZOHYHOIHDWXUHWRWKHKLJK
OHYHO IHDWXUH ZKLFK FDQ IRUP WKH VHPDQWLF IHDWXUH
VL]LQJRIWKHLPDJH>@>@,QWKHFRQYROXWLRQRS
HUDWLRQOHWWKHPDWUL[ x ZLWKWKHLQSXWWHUP m u m 
WKHPDWUL[ k ZLWKWKHFRQYROXWLRQNHUQHO n u n DQG
WKHFRQYROXWLRQVWHSVL]HRIWRREWDLQWKHPDWUL[)
ZLWK WKH VL]H RI WKH FKDUDFWHULVWLF JUDSK
m  n   u m  n    7KH FRQYROXWLRQ FDOFXOD

RXWSXW
x n 

RI

^x

n 


WKH

SUHYLRXV

OD\HU

LQ

 xn     xmn  ` E\ D ZHLJKW IDFWRU w 

SOXVWKHELDVIDFWRU e WRJHW x nj )RUH[DPSOHIRUHQ
WU\ ^ xn   xn   xn  ` RI WKH IXOO FRQQHFWLRQ OD\HU

^a

n


 an  an ` LVWKHRXWSXWDQGWKHUHDUH

ª am º
« n»
« a »
« n»
¬ a ¼

n 
ª w w w º ª x º ªe º
«
» « »
«
»
n 
« w w w » u « x »  «e » 
«¬ w w w »¼ « x n  » «¬e »¼
¬  ¼



7KHIHDWXUHH[WUDFWHGIURPHDFKLPDJHLVWUDQV
IRUPHGLQWRDîGLPHQVLRQDOJOREDOUDQJHFRO
XPQYHFWRUDQGILQDOO\DYHFWRUPDWUL[RIî 0LVWKH
JOREDO FROXPQ YHFWRU RI  GLPHQVLRQV Q LV WKH
QXPEHURISLFWXUHV ,QVKRUWWKHFRQYROXWLRQOD\HU
SRROLQJ OD\HU DQG DFWLYDWLRQ IXQFWLRQ RI WKH IURQW
OD\HUQHWZRUNJUDGXDOO\DEVWUDFWWKHLPDJHZKLOHWKH
IXOOFRQQHFWLRQOD\HUPDSVWKHRXWSXWRIWKHSUHYLRXV
OD\HUWRWKHVDPSOHODEHOVSDFH

)HDWXUHFDVFDGHDQGFODVVLILFDWLRQ)RUHDFK
LPDJHWKHILQHWXQLQJ&11PRGHOLVXVHGWRH[WUDFW
WKHIXOOFRQQHFWLRQOD\HUIHDWXUHVRIWKHLPDJHDQG
WKUHH LQGHSHQGHQW KLJKOHYHO IHDWXUH YHFWRUV

WLRQIRUPXODLVDVIROORZV
n
n
§
·
Fij f ¨ b  ¦¦ kij u xij ¸ 
 
i  j 
©
¹
,Q HTXDWLRQ ˈ i  R j  R ˈ kij LV WKH YDOXH

^ FAlexNet  FVGG   F5H sNet  ` DUHREWDLQHG
n

RIURZ i DQGFROXPQ j LQFRQYROXWLRQNHUQHO xij LV

FMCNNFC

WKHYDOXHRIWKHLQSXWFRUUHVSRQGLQJWR kij WKHRIIVHW

¦F 
i

 

i 

,QHTXDWLRQnLVWKHQXPEHURI&11PRGHOV
XVHGIRUFDVFDGLQJDQGFLVWKHIHDWXUHRIIXOOFRQ
QHFWLRQOD\HURI&11V
PF2'0FDQHIIHFWLYHO\VROYHWKHSUREOHPRI
ERXQGDU\RSWLPL]DWLRQLQPXOWLFDWHJRU\FODVVLILFD
WLRQDQGLQFRPSDULVRQZLWK690PF2'0SUH
VHQWVJHQHUDODGYDQWDJHVLQFODVVLILFDWLRQDFFXUDF\
UXQQLQJWLPHHWF>@7KHUHIRUHWKHFDVFDGHIHD
WXUH FMCNNFC LV LQSXW LQWR PF2'0 WR REWDLQ WKH
FODVVLILFDWLRQUHVXOW

([SHULPHQWDO UHVXOWV DQG GLVFXVVLRQ %DVHG
RQ0$7/$%DVRIWZDUHSODWIRUPWKHSURSRVHG
PHWKRGLVVLPXODWHG,QRUGHUWRHYDOXDWHWKHVWDELOLW\
DQGHIIHFWLYHQHVVRISURSRVHGFODVVLILFDWLRQPHWKRGV
VFLHQWLILFDOO\ UHDVRQDEO\ DQG DFFXUDWHO\ DQG SUR
YLGH LPSRUWDQW UHIHUHQFH IRU LPSURYHPHQW DQG XS
JUDGLQJ RI WKH PHWKRGV DSSURSULDWH HYDOXDWLRQ
PHWKRGV VKRXOG EH DGRSWHG 'XH WR WKH GLIIHUHQFH

WHUPLV b ˈ f  LVWKHDFWLYDWLRQIXQFWLRQDQGWKH
H[SUHVVLRQRI5H/8 ā LVDVIROORZV
 z z ! 
f z ®

 
¯ z d 
'XH WR WKH ODUJH QXPEHU RI QHXURQV LQ &11
WKHUHZLOOEHDKXJHDPRXQWRIFDOFXODWLRQZKHQH[
WUDFWLQJIHDWXUHVIURPLPDJHVRIJHQHUDOVL]H,QRU
GHUWRLPSURYHWKHRSHUDWLRQHIILFLHQF\DQGDYRLGWKH
IHDWXUHGLPHQVLRQEHLQJWRRKLJKWKHSRROLQJOD\HU
LVXVXDOO\XVHGWRUHGXFHWKHGLPHQVLRQ)RUWKHIHD
WXUH PDS x n  ^ xn   xn     xmn  ` RXWSXW E\ n  
FRQYROXWLRQ OD\HU WKH PD[LPXP YDOXH RU DYHUDJH
YDOXH LVFDOFXODWHGLQDFHUWDLQVL]HGLVSRVDOGRPDLQ
DQG WKH FKDUDFWHULVWLF JUDSK VHW RI
x n ^ xn  xn    xmn ` LVREWDLQHGWKHFDOFXODWLRQIRU
PXODLV
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EHWZHHQWKHPXOWLFODVVLILFDWLRQSUREOHPDQGWKHEL
QDU\ FODVVLILFDWLRQ SUREOHP WKH RYHUDOO DFFXUDF\
2$ FDQSURYLGHDPRUHDFFXUDWHUHVXOWHYDOXDWLRQ
IRUWKHPXOWLFODVVLILFDWLRQSUREOHPEXWLWFDQQRWUH
IOHFWWKHWUDLQLQJHIIHFWRIPRGHOIRUWKHELQDU\FODV
VLILFDWLRQ SUREOHP 7KHUHIRUH 2$ DQG FRQIXVLRQ
PDWUL[DUHXVHGWRHYDOXDWHWKHH[SHULPHQWDOUHVXOWV
7KHSUHFLVLRQUHFDOODQG)PHDVXUHDUHXVHGWRHYDO
XDWHWKHH[SHULPHQWDOUHVXOWV
,Q WKH FODVVLILFDWLRQ WDVN 2$ LV DQ LQWXLWLYH
PHDVXUHPHQWPHWKRGWKDWLVWKHSURSRUWLRQRIWKH
SUHGLFWHG YDOXH RI WKH VWDWLVWLFDO VDPSOH FRQVLVWHQW
ZLWKWKHUHDOYDOXHLQWKHZKROHVDPSOH
1XPEHURIFRUUHFWVDPSOH
OA

 
7RWDOQXPEHURIVDPSOH
2$LVVXLWDEOHIRUPXOWLFDWHJRU\VDPSOHFODV
VLILFDWLRQWDVNDQGWKHQXPEHURIVDPSOHVQHHGVWR
EHUHODWLYHO\EDODQFHG
,QWKHDFFXUDF\HYDOXDWLRQVRPHWLPHV2$FDQ
QRWDFFXUDWHO\HYDOXDWHWKHFODVVLILFDWLRQUHVXOWV)RU
H[DPSOH LQ WKH ELQDU\ FODVVLILFDWLRQ WDVN WKH WRWDO
QXPEHURIVDPSOHVLVRIZKLFKSRVLWLYHVDPSOHV
DUHDQGQHJDWLYHVDPSOHVDUH,IWKHWUDLQLQJ
HIIHFWRI PRGHO LV QRWJRRGDOO SUHGLFWLRQVDPSOHV
DUHQHJDWLYHVDPSOHVWKHQ2$FDQVWLOOUHDFK
ZKLFKLQGLFDWHVWKDWPRUHUHDVRQDEOHHYDOXDWLRQLQ
GH[HVVKRXOGEHXVHGWRUHSODFH2$
)0HDVXUHFDQVROYHWKHDERYHSUREOHP,WLV
DQHYDOXDWLRQLQGH[XQGHUFRPSUHKHQVLYHFRQVLGHU
DWLRQRIDFFXUDF\UDWH3DQGUHFDOOUDWH57KHFDOFX
ODWLRQPHWKRGLVZHLJKWHGKDUPRQLFDYHUDJHYDOXHRI
3DQG5
D   P u R
F

 
D P  R


),*85(
+LJKUHVROXWLRQUHPRWHVHQVLQJLPDJHRIDQFLHQW
YLOODJHVLQVRXWKHUQ+XEHL

,QIOXHQFHRI&11VILQHWXQLQJRQFODVVLILFD
WLRQUHVXOWV ,QWKHILQHWXQLQJWUDLQLQJVFKHPHWKH
WDUJHW OD\HU LV ILUVW WZR IXOO FRQQHFWLRQ OD\HUV RI
&11VWDUJHWGDWDVHWLVWKHGDWDVHWPHQWLRQHGDERYH
EDWFKVL]HLVRSWLPL]HULV6*'OHDUQLQJUDWHLV
DQGDWWHQXDWLRQUDWHLV7KHLP
DJHV RI WDUJHW GDWD VHW DUH GLYLGHG LQWR WUDLQLQJ VHW
DQGYDOLGDWLRQVHWLQZKLFKWUDLQLQJVHWDFFRXQWVIRU
DQGYDOLGDWLRQVHWDFFRXQWVIRU$FFRUGLQJ
WR WKH GHYHORSPHQW WUHQG RI WUDLQLQJ ORVV YDOXH
WUDLQBORVV DQGYDOLGDWLRQORVVYDOXH YDOBORVV WKH
GHJUHHRIILQHDGMXVWPHQWDQGRYHUILWWLQJSKHQRPH
QRQDUHMXGJHG,QWKHSURFHVVRIWUDLQLQJWKHORVVRI
WUDLQLQJ GDWDVHW DQG YDOLGDWLRQ GDWDVHW DQG WKH
FKDQJHRIRYHUDOOFODVVLILFDWLRQDFFXUDF\DUHVKRZQ
LQ)LJXUH
$VVKRZQLQ)LJXUHZLWKWKHFRQWLQXRXVLWHU
DWLRQWKHWUDLQLQJDFFXUDF\DQGYHULILFDWLRQDFFXUDF\
RIWKUHHNLQGVRI&11VJUDGXDOO\LQFUHDVH WUDLQLQJ
DFFXUDF\LVKLJKHUWKDQYDOLGDWLRQDFFXUDF\ DQGWKH
WUDLQLQJORVVDQGYDOLGDWLRQORVVJUDGXDOO\GHFUHDVH
LQGLFDWLQJWKDWWKHWUDLQLQJSURFHVVFDQEHFDUULHGRXW
VPRRWKO\ :LWK WKH LPSURYHPHQW RI WUDLQLQJ DFFX
UDF\ WKH WHVW DFFXUDF\ RI WKUHH PRGHOV VKRZHG D
WUHQGRIUDSLGJURZWKDWILUVWDQGWKHQJUDGXDOO\VWD
EOHLQGLFDWLQJWKDWWKHILQHWXQLQJPRGHOKDVJRRG
JHQHUDOL]DWLRQDELOLW\:KHQWKHQXPEHURILWHUDWLRQV
UHDFKHV DERXW  WKH ORVV YDOXH LV VWDEOH WUDLQLQJ
ORVVLVOHVVWKDQDQGYDOLGDWLRQORVVLVOHVVWKDQ
$WWKLVWLPHLWLVFRQVLGHUHGWKDWWKHPRGHOKDV
UHDFKHGWKHEHVWWUDLQLQJHIIHFW,QWHUPVRIWKHGLI
IHUHQFHV 9** DQG 5HV1HW LPSURYHG IDVWHU
WKDQ$OH[1HWZKLFKPD\EHUHODWHGWRWKHUHODWLYHO\
VPDOOFRQYROXWLRQNHUQHO
$W WKH VDPH WLPH WKH FRPSDULVRQ RI RYHUDOO
FODVVLILFDWLRQDFFXUDF\EHIRUHDQGDIWHUWKHILQHDG
MXVWPHQWLVVKRZQLQ)LJXUHPF2'0FODVVLILHULV
XVHGLQWKHIRXUFODVVLILFDWLRQPHWKRGV7KHGLVWULEX
WLRQRIWUDLQLQJVHWDQGYDOLGDWLRQVHWLV7KHH[
SHULPHQWDOUHVXOWVDUHUHSHDWHGWLPHVDQGDYHUDJH
YDOXHLVREWDLQHG


,Q WKHIRUPXOD 3UHSUHVHQWVWKHSURSRUWLRQ RI
WKH QXPEHU RI FRUUHFWO\ SUHGLFWHG VDPSOHV WR SUH
GLFWHGSRVLWLYHVDPSOHVDQG5UHSUHVHQWVWKHSURSRU
WLRQ RI FRUUHFW SUHGLFWHG VDPSOHV WR WUXH SRVLWLYH
VDPSOHV:KHQ D  LWLVWKHIRUPXODRI)PHDV
XUH

'DWD VHW DQG FODVVLILFDWLRQ GDWD 7UDGLWLRQDO
YLOODJHVDUHWKHFRUQHUVWRQHRISURVSHULW\DQGGHYHO
RSPHQW RI &KLQHVH WUDGLWLRQDO FXOWXUH $JULFXOWXUDO
FLYLOL]DWLRQ UHWDLQV WKH GLYHUVLW\ RI QDWLRQDO FXOWXUH
DQG LV D YDOXDEOH QRQUHQHZDEOH FXOWXUDO KHULWDJH
+RZHYHUZLWKWKHUDSLGGHYHORSPHQWRILQGXVWULDOL
]DWLRQDQGXUEDQL]DWLRQWKHGHFOLQHDQGGLVDSSHDU
DQFHRIWUDGLWLRQDOYLOODJHVDUHEHFRPLQJPRUHDQG
PRUHVHULRXV$FHUWDLQQXPEHURIH[LVWLQJGDWDVHWV
RI DQFLHQW YLOODJHV LQ PRXQWDLQRXV DUHDV RI +XEHL
3URYLQFH DUH REWDLQHG E\ UHPRWH VHQVLQJ VDWHOOLWH
7KH\DUHDOOSURFHVVHG5*%LPDJHVZLWKWKHVL]HRI
 $VVKRZQLQ)LJXUHVRPHRIWKHW\SLFDO
DQFLHQWYLOODJHSLFWXUHVDUHVKRZQ7KHWUDLQLQJVHW
KDVWKUHHPDJQLWXGHRIDQGLPDJHV
WRYHULI\WKHUREXVWQHVVRISURSRVHGPHWKRGRQGLI
IHUHQWOHYHOVRIGDWD7KHYDOLGDWLRQVHWFRQVLVWHGRI
LPDJHVWRHYDOXDWHWKHDFFXUDF\RIPRGHO
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),*85(
&KDQJHVLQORVVYDOXHVDQGFODVVLILFDWLRQDFFXUDF\
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),*85(
&RPSDULVRQRIRYHUDOOFODVVLILFDWLRQDFFXUDF\
EHIRUHDQGDIWHU&11VILQHWXQLQJ

FODVVLILFDWLRQPHWKRGLV$OH[1HW9**5HV
1HW  PF2'0 ZKLFK LPSURYHV FODVVLILFDWLRQ
DFFXUDF\ E\  DQG  UHVSHFWLYHO\ FRP
SDUHG ZLWK $OH[1HW DQG 9** 7KH PD[LPXP
OLIWLQJYDOXHVRIWKHRWKHUWZRPHWKRGVZHUH
DQGUHVSHFWLYHO\7KHSURPRWLRQHIIHFWRIIHD
WXUHFDVFDGHEHWZHHQ5HV1HWLVORZHUWKDQWKDWRI
5HV1HW$OH[1HW7RVRPHH[WHQWLWVKRZVWKDW
WKHGLIIHUHQWLDWHGQHWZRUNVWUXFWXUH PDLQO\WKHGLI
IHUHQFHRIFRQYROXWLRQNHUQHOVWUXFWXUH LVFRQGXFLYH
WRIHDWXUHH[WUDFWLRQIURPGLIIHUHQWDQJOHVDQGIHD
WXUHFDVFDGHPHWKRGFDQLPSURYHLQIRUPDWLRQLQWH
JUDWLRQ
7KHFRPELQDWLRQRIWKUHHQHWZRUNVIHDWXUHFDV
FDGH $OH[1HW  9**  5HV1HW  DQG PF
2'0FODVVLILHUDFKLHYHVWKHEHVWFODVVLILFDWLRQHIIHFW
UHDFKLQJZKLFKLVKLJKHUWKDQ690
$WWKHVDPHWLPHWKHIOXFWXDWLRQUDQJHRIFODVVLILFD
WLRQDFFXUDF\RIPF2'0LVVOLJKWO\ORZHUWKDQWKDW
RI 690 LQGLFDWLQJ WKDW PF2'0 LV PRUH VWDEOH
7KHUHIRUHWKHFRPELQDWLRQRI$OH[1HW9**
5HV1HWIHDWXUHFDVFDGHDQGPF2'0LVWKHPRVW
HIIHFWLYHPHWKRGWRLPSURYHFODVVLILFDWLRQDFFXUDF\
7KHUHVROXWLRQRIUHPRWHVHQVLQJVDWHOOLWHLPDJHRI
GDWDVHWLVP7KHPDUNHUVRIGDWDVRXUFHDUHGL
YLGHGLQWRIRXUFDWHJRULHVYHJHWDWLRQEXLOGLQJZD
WHUERG\DQGURDG7KH5*%LPDJHDQGFRUUHVSRQG
LQJPDUNHUW\SHVDUHH[WUDFWHGE\XVLQJRSHQVRXUFH
WRROV7KHLPDJHFODVVLILFDWLRQUHVXOWVDUHVKRZQLQ
)LJXUH






$VVKRZQLQ)LJXUHWKHRYHUDOOFODVVLILFDWLRQ
DFFXUDF\ RI HDFK PHWKRG LV VLJQLILFDQWO\ LPSURYHG
DIWHUILQHWXQLQJIXOOFRQQHFWLRQOD\HU+RZHYHUGXH
WRWKHGLIIHUHQFHRIQHWZRUNVWUXFWXUHWKHLPSURYH
PHQWUDQJHLVGLIIHUHQW$PRQJWKHP$OH[1HWLVWKH
KLJKHVW ZLWK WKH LPSURYHPHQW YDOXH RI 
9**WKHSURSRVHGPHWKRGDQG5HV1HWKDYH
LQFUHDVHGE\ DQGUHVSHFWLYHO\
$IWHU ILQH WXQLQJ WKH SURSRVHG 0&11)& PHWKRG
VWLOOKDVWKHKLJKHVWFODVVLILFDWLRQDFFXUDF\UHDFKLQJ


,QIOXHQFHRIIHDWXUHFDVFDGHRQFODVVLILFDWLRQ
UHVXOWV$FFRUGLQJWRWKHQXPEHURIFDVFDGHG&11V
WKH IHDWXUH FDVFDGLQJ VFKHPH FDQ EH GLYLGHG LQWR
GRXEOHQHWZRUNVFDVFDGLQJDQGWKUHHQHWZRUNVFDV
FDGLQJ$WWKHVDPHWLPH690DQGPF2'0FODV
VLILFDWLRQVFKHPHVDUHSURYLGHG7KHGLVWULEXWLRQUD
WLRRIWUDLQLQJVHWDQGYDOLGDWLRQVHWRIWKHWZRFODV
VLILHUVLVDQGWKHDYHUDJHYDOXHLVREWDLQHGDIWHU
UHSHWLWLRQV7KHFODVVLILFDWLRQDFFXUDF\DQGVWDQG
DUGGHYLDWLRQRIHDFKPHWKRGDUHFRXQWHG7KHH[
SHULPHQWDOUHVXOWVDUHVKRZQLQ7DEOH

7$%/(
&ODVVLILFDWLRQUHVXOWVRIGLIIHUHQWFDVFDGLQJ
PHWKRGV
&ODVVLILFDWLRQDFFXUDF\
0HWKRG
690
PF2'0
&DIIH1HW


9**6


9**)


&DIIH1HW9**6 

9**69**)


&DIIH1HW9**) 

&DIIH1HW9**
6&DIIH1HW


9**)

:KHQ FDVFDGLQJ GRXEOH QHWZRUNV WKH EHVW

),*85(
,PDJHH[DPSOH




&RPSDULVRQZLWKRWKHUFODVVLILFDWLRQPHWK
RGV,QRUGHUWRYHULI\WKHHIIHFWLYHQHVVRISURSRVHG
PHWKRGLWLVFRPSDUHGZLWKVHYHUDOPHWKRGVZKLFK
KDYH EHWWHU FODVVLILFDWLRQ HIIHFW LQ UHPRWH VHQVLQJ
LPDJHFODVVLILFDWLRQ7KHFDVFDGLQJIHDWXUHRI&11V
UHIHUVWRWKHPHWKRGRIFDVFDGLQJWKUHHQHWZRUNVIHD
WXUHV RI ILQHWXQHG &11V $OH[1HW 9** DQG
5HV1HW 7KHFDVFDGHIHDWXUHLVWKHRXWSXWIHDWXUH
RIVHFRQGIXOOFRQQHFWLRQOD\HURI&11V7KHFRP
SDULVRQ WHVW LV EDVHG RQ GDWD VHW PHQWLRQHG DERYH
DQGWKHFODVVLILFDWLRQDFFXUDF\LVVKRZQLQ7DEOH
7KH FRPSDULVRQ PHWKRG VHOHFWV 0)6& DV WKH
UHSUHVHQWDWLYHRIPLGGOHOHYHOIHDWXUHFODVVLILFDWLRQ
PHWKRGDQG$OH[1HWDVWKHUHSUHVHQWDWLYHRIKLJK
OHYHO IHDWXUH FODVVLILFDWLRQ PHWKRG ,W FDQ EH VHHQ
WKDW WKH FODVVLILFDWLRQ PHWKRG RI PLGGOHOHYHO IHD
WXUHV LV VLJQLILFDQWO\ ORZHU WKDQ WKDW RI KLJKOHYHO
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IHDWXUHV 7KH DYHUDJH FODVVLILFDWLRQ DFFXUDF\ RI
PHWKRGV FRPELQLQJ SUH WUDLQLQJ PRGHO ZLWK WUDGL
WLRQDOFRGLQJPHWKRGV 8VLQJ2YHU)HDW$OH[1HW
6909/$'9**9'DQG,).9**0 LV
DERXWZKLFKFDQUHDOL]HWKHFODVVLILFDWLRQWDVN
ZLWKKLJKDFFXUDF\7KHPHWKRGRISUHWUDLQLQJQHW
ZRUNEDVHGRQVLQJOH&11PRGHOVWLOOKDVORZFODV
VLILFDWLRQDFFXUDF\GXHWRWKHODFNRIWDUJHWFODVVLQ
IRUPDWLRQ7KHSURSRVHGPHWKRGLVEDVHGRQFRPEL
QDWLRQ RI FDVFDGHG ILQHWXQLQJ &11V IHDWXUHV DQG
PF2'0 ZKLFK LPSURYHV WKH FODVVLILFDWLRQ DFFX
UDF\

7$%/(
&ODVVLILFDWLRQDFFXUDF\RIHDFKFODVVLILFDWLRQ
PHWKRGRQGDWDVHW
&ODVVLILFDWLRQ
0HWKRG
DFFXUDF\
630

%RY:6&.

0)&6

8VLQJ2YHU)HDW

&DIIH1HW690

9/$'9**9'

,).9**0

*RRJOH1HWZLWKILQH

WXQLQJ
9**6

9**)

9**0

9**

&KDUDFWHULVWLFVRI&11V

FDVFDGLQJ690
2XUPHWKRG


8QGHUGLIIHUHQWFDWHJRULHVRIYHJHWDWLRQEXLOG
LQJZDWHUERG\DQGURDGWKHFODVVLILFDWLRQDFFXUDF\
RIHDFKPHWKRGLVVKRZQLQ)LJXUH

),*85(
&RPSDULVRQRIRYHUDOOFODVVLILFDWLRQDFFXUDF\
EHIRUHDQGDIWHU&11VILQHWXQLQJ

,WFDQEHVHHQIURP)LJXUHWKDWWKHFODVVLIL
FDWLRQ DFFXUDF\ RI HDFK FODVVLILFDWLRQ PHWKRG IRU
URDGLVORZDQGSURSRVHGPHWKRGJUHDWO\LPSURYHV
FODVVLILFDWLRQDFFXUDF\RIWKLVNLQGRIURDG)RUWKH
YHJHWDWLRQ FODVVLILFDWLRQ WKH DFFXUDF\ RI HDFK
PHWKRGLVPRUHWKDQDQGWKHUHLVDFHUWDLQIORDW
LQJUDQJH)RUEXLOGLQJVEHFDXVHWKHVWUXFWXUHWH[
WXUHDQGFRORURIEXLOGLQJVDUHVLPLODUWRURDGVFODV
VLILFDWLRQ DFFXUDF\ LV ORZ 7KHUHIRUH &11 IHDWXUH
FDVFDGHJHQHUDOO\LPSURYHVFODVVLILFDWLRQDFFXUDF\
HVSHFLDOO\ZKHQFODVVLILFDWLRQDFFXUDF\LVORZ+RZ
HYHUIRUDIHZFDVHVWKHFODVVLILFDWLRQDFFXUDF\GH
FUHDVHV ZKLFK LQGLFDWHV WKDW LQIRUPDWLRQ KLGLQJ
SUREOHPDOVRH[LVWVDPRQJWKHFDVFDGHIHDWXUHLQGL
YLGXDOV,QJHQHUDOWKHILQHWXQLQJ&11IHDWXUHFDV
FDGHPHWKRGFDQHIIHFWLYHO\LPSURYHRYHUDOOFODVVL
ILFDWLRQDFFXUDF\

),*85(
&RPSDULVRQRIRSHUDWLRQWLPHRIHDFKPHWKRG
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2SHUDWLRQ HIILFLHQF\ DQDO\VLV 7KH UXQQLQJ
WLPH RI GLIIHUHQW FDVFDGLQJ PHWKRGV LQ IHDWXUH H[
WUDFWLRQ DQG FODVVLILFDWLRQ LV DQDO\]HG H[SHULPHQ
WDOO\0F2'0LVVHOHFWHGDVFODVVLILHU7KHH[SHUL
PHQWDOUHVXOWVDUHVKRZQLQ)LJXUH
$V VKRZQ LQ )LJXUH  WKH GRXEOH QHWZRUNV
ZLWK WKH VKRUWHVW UXQQLQJ WLPH DUH $OH[1HW  5HV
1HW7KHIDVWHVWUXQQLQJWLPHRIVLQJOHQHWZRUNLV
$OH[1HW 7KH ORQJHVW UXQQLQJ WLPH LV $OH[1HW 
9**5HV1HW,WWDNHVDORQJWLPHIRUHDFK
LPDJHWREHH[WUDFWHGE\$OH[1HW9**DQG5HV
1HWPRGHOV


&21&/86,21

7KH H[WUDFWLRQ RI EXLOGLQJV LQ UHPRWH VHQVLQJ
LPDJHV SOD\V DQ LPSRUWDQW UROH LQ XUEDQ SODQQLQJ
GLVDVWHUUHOLHIDQGPDSSLQJ+RZHYHUWKHWUDGLWLRQDO
PHWKRGEDVHGRQWKHFKDUDFWHULVWLFVRIDUWLILFLDOGH
VLJQWDNHVDORWRIWLPHDQGPDQSRZHUVRDIDVWDQG
DFFXUDWH UHPRWH VHQVLQJ LPDJH EXLOGLQJ DXWRPDWLF
H[WUDFWLRQPHWKRGLVQHHGHG%HFDXVHRILWVSRZHUIXO
FKDUDFWHULVWLF UHSUHVHQWDWLRQ DELOLW\ FRQYROXWLRQDO
QHXUDO QHWZRUN KDV DFKLHYHG JRRG UHVXOWV LQ FRP
SXWHUYLVLRQWDVNVVXFKDVLPDJHFODVVLILFDWLRQWDUJHW
GHWHFWLRQWDUJHWVHJPHQWDWLRQDQGLQVWDQFHVHJPHQ
WDWLRQ7KHUHIRUHWKLVSDSHUSURSRVHVDFODVVLILFDWLRQ
PHWKRGRIKLJKUHVROXWLRQUHPRWHVHQVLQJLPDJHVRI
DQFLHQWYLOODJHVEDVHGRQGHHSOHDUQLQJ$FFRUGLQJ
WRWKHGDWDVHWRILPDJHVRIDQFLHQWYLOODJHVLQ+XEHL
PRXQWDLQRXVDUHDREWDLQHGE\UHPRWHVHQVLQJVDWHO
OLWHWKHGDWDDUHSUHSURFHVVHGWRVSHHGXSWKHPRGHO
WUDLQLQJSURFHVV$IWHU WKDW$OH[1HW9** DQG
5HV1HW QHWZRUN PRGHOV DUH VHOHFWHG DV IHDWXUH
H[WUDFWRUVDQGWKHVHOHFWHGIHDWXUHH[WUDFWRULVILQH
WXQHG XVLQJ WKH WDUJHW GDWD VHW DQG WKH 0&11)&
FODVVLILFDWLRQ PHWKRG LV SURSRVHG FRPELQHG ZLWK
PF2'0WRREWDLQWKHFODVVLILFDWLRQUHVXOWV,QDG
GLWLRQ WKH SHUIRUPDQFH RI WKH SURSRVHG FODVVLILFD
WLRQPHWKRGLVDQDO\]HGEDVHGRQ0$7/$%VLPXOD
WLRQSODWIRUP7KHUHVXOWVVKRZWKDWWKHFODVVLILFDWLRQ
DFFXUDF\ RI WKH SURSRVHG PHWKRG LV VLJQLILFDQWO\
KLJKHU WKDQ WKDW RI VLQJOH &11 LPDJH SURFHVVLQJ
PRGHODQGSDUDPHWHUILQHWXQLQJFDQHIIHFWLYHO\LP
SURYHWKHFODVVLILFDWLRQSHUIRUPDQFHRIWKHPRGHOVR
DV WR IXUWKHU LPSURYH WKH FODVVLILFDWLRQ DFFXUDF\
+RZHYHUGXHWRWKHFDVFDGLQJRIIHDWXUHVWKH\UXQ
ORQJHUDQGDUHOHVVHIILFLHQW
7KH &11V PRGHO DUFKLWHFWXUH KDV D YHU\ LP
SRUWDQWLQIOXHQFHRQFODVVLILFDWLRQSHUIRUPDQFHDQG
&11VRIGLIIHUHQWVWUXFWXUHVGHWHUPLQHWKHQXPEHU
RI QHWZRUN SDUDPHWHUV DQG GLIIHUHQW VHPDQWLF H[
SUHVVLRQ FDSDELOLWLHV ,Q WKHIROORZLQJUHVHDUFK UH
VHDUFKHUVVKRXOGSD\DWWHQWLRQWRWKHLPSURYHPHQWRI
WKHNH\FRQVWUXFWLRQRI&11PRGHOVXFKDVFRQYR
OXWLRQNHUQHODQGWU\WRH[SORUHWKHQHWZRUNPRGHO
ZLWKVWURQJHUOHDUQLQJDELOLW\



5()(5(1&(6

>@ .DOH 6 $FDUOL '   6KRUHOLQH &KDQJH
0RQLWRULQJLQ$WLNKLVDU5HVHUYRLUE\8VLQJ5H
PRWH6HQVLQJDQG*HRJUDSKLF,QIRUPDWLRQ6\V
WHP *,6 )UHVHQ(QYLURQ%XOO  

>@ 2]NDQ **XUEX],% 1DVLURY ($  
*UHHQHU)XWXUH7KH$GGLFWLYH5ROHRI7HFKQRO
RJ\LQ(QKDQFLQJ(FROLWHUDF\LQ5XUDO&RPPX
QLW\)UHVHQ(QYLURQ%XOO  
>@ =RX 6 :DQJ /   ,QGLYLGXDO 9DFDQW
+RXVH 'HWHFWLRQ LQ 9HU\+LJK5HVROXWLRQ 5H
PRWH6HQVLQJ,PDJHV$QQDOVRIWKH$VVRFLDWLRQ
RI$PHULFDQ*HRJUDSKHUV  
>@ =KRX<)&KHQ1  7KH/$3XQGHU)D
FLOLW\'LVUXSWLRQVGXULQJ(DUO\3RVW(DUWKTXDNH
5HVFXH 8VLQJ 362*$ +\EULG $OJRULWKP
)UHVHQ(QYLURQ%XOO $ 
>@ *DR * *X <   7HQVRUL]HG 3ULQFLSDO
&RPSRQHQW $OLJQPHQW $ 8QLILHG )UDPHZRUN
IRU0XOWLPRGDO+LJK5HVROXWLRQ,PDJHV&ODVVL
ILFDWLRQ,(((7UDQVDFWLRQVRQ*HRVFLHQFHDQG
5HPRWH6HQVLQJ  
>@ +XD<0RX/=KX;;  5HFXUUHQWO\
([SORULQJ &ODVV:LVH $WWHQWLRQ LQ D +\EULG
&RQYROXWLRQDO DQG %LGLUHFWLRQDO /670 1HW
ZRUN IRU 0XOWL/DEHO $HULDO ,PDJH &ODVVLILFD
WLRQ,VSUV-RXUQDORI3KRWRJUDPPHWU\DQG5H
PRWH6HQVLQJ  
>@ /LX&=KDQJ)=KDQJ+  &RPSDUD
WLYH$QDO\VLVRI2II6LWH3UHFDVW&RQFUHWHDQG
&DVW,Q3ODFH &RQFUHWH LQ /RZ&DUERQ %XLOW
(QYLURQPHQW )UHVHQ (QYLURQ %XOO   

>@ 1GHU*$WXQ5  8VLQJ5HPRWH6HQV
LQJLQ'HWHFWLQJ6XJDU%HHW)LHOGV7UHDWHGZLWK
'LIIHUHQW 'RVHV RI 3KRVSKRUXV )UHVHQ (QYL
URQ%XOO $ 
>@ /LX4%DVX6*DQJXO\60XNKRSDGK\D\
6 1HPDQL 5   'HHS6DW 9 )HDWXUH
$XJPHQWHG&RQYROXWLRQDO1HXUDO1HWVIRU6DW
HOOLWH ,PDJH &ODVVLILFDWLRQ 5HPRWH 6HQVLQJ
/HWWHUV  
>@+X 3 *XR : &KDSPDQ 6& *XR <
=KHQJ%  3L[HO6L]H2I$HULDO,PDJHU\
&RQVWUDLQV 7KH $SSOLFDWLRQV 2I 8QPDQQHG
$HULDO9HKLFOH,Q&URS%UHHGLQJ,6356-RXUQDO
RI 3KRWRJUDPPHWU\ DQG 5HPRWH 6HQVLQJ
  
>@6KDR=:DQJ/:DQJ='HQJ-  
5HPRWH6HQVLQJ,PDJH6XSHU5HVROXWLRQ8VLQJ
6SDUVH5HSUHVHQWDWLRQDQG&RXSOHG6SDUVH$X
WRHQFRGHU,(((-RXUQDORI6HOHFWHG7RSLFVLQ
$SSOLHG(DUWK2EVHUYDWLRQVDQG5HPRWH6HQV
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ASSESSING THE SEASONAL DYNAMICS AND
INFLUENCING FACTORS OF PHYTOPLANKTON
COMMUNITY STRUCTURE IN CHANGCHUN SECTION OF
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section of Yitong River were total nitrogen (TN),
water temperature (WT) and chemical oxygen demand (CODCr). The urban area was mainly affected by TN during the spring and winter period, while
in summer and autumn, the urban area was mainly
affected by WT and CODCr. In spring and autumn,
the correlation between phytoplankton and various
environmental factors was relatively low in upstream area and wetland area. In summer and winter,
the distribution of phytoplankton in the upstream
area was scattered and the influencing factors were
complex. The phytoplankton in the wet area during
summer was mainly affected by suspended solid
(SS), and the phytoplankton in the wet area during
winter was mainly affected by TN.

ABSTRACT
Yitong River is an important river in Changchun City. With the economic and social development of Yitong River Basin, the river eutrophication is serious and the water quality is deteriorating.
To explore the seasonal variation characteristics and
influencing factors of phytoplankton community
structure in Changchun section of Yitong River, the
water environment and phytoplankton community
structure of 8 research sites along the Yitong River
in Changchun was investigated in May (spring),
July (summer), September (Autumn) and November (winter) in 2019. The results showed that the
Chlorophyta dominated phytoplankton species in
spring, summer and autumn, while Bacillariophyta
dominated the phytoplankton species in winter,
cyanobacteria dominated the phytoplankton density
in summer and autumn, and Bacillariophyta dominated the phytoplankton density in spring and autumn. The phytoplankton density in summer was
more than 2 times higher than that in the other three
seasons, and the diversity, richness and evenness
were in the order of spring and summer > autumn
and winter. The dominant degree of Cyclotella sp.
was obvious in spring (Y = 0.17), Pseudoanabaena
sp. in summer was Y = 0.22), Merismopedia minima (Y = 0.48) and Chlamydomonas globosa (Y =
0.45) in autumn, and that of Cyclotella sp. in winter
(Y = 0.65). The average density of phytoplankton
and the density of Cyanophyta in spring, summer
and autumn showed a trend; urban area > upstream
area > wetland area, and it showed that the phytoplankton species number in Changchun section of
Yitong River was in the order of upstream area >
urban area > wetland area in winter. In summer, the
phytoplankton density and the average density of
Cyanophyta were the highest in the four seasons,
which were 7.32 times and 4.38 times higher than
those in the upstream area, respectively. The diversity index, richness index and evenness index of
each region showed a trend of wet area > upstream
area > urban area. Redundancy Analysis (RDA)
results showed that the main factors affecting phytoplankton community structure in Changchun

KEYWORDS:
Changchun section of Yitong River, Phytoplankton,
seasonal variation, Environmental factors, Quality warning

INTRODUCTION
Phytoplankton is a very important primary
producer in an aquatic ecosystem because of its
short growth cycle and sensitivity to environmental
conditions. Phytoplankton is often used to evaluate
the water quality in biological assessment test,
which can be used as an indicator of water pollution
[1-5]. Besides, phytoplankton can also reflect the
degree of eutrophication in water bodies. In different trophic levels of water, phytoplankton has corresponding sensitive indicator species. The trophic
types of a water body can be classified by phytoplankton biomass, density and diversity index,
where it can be classified into poor trophic type,
moderate trophic type and eutrophic type [6,7].
However, the assessment of water pollution and
nutrition by phytoplankton is very popular in the
current scientific research circle and has been paid
attention to and applied by many researchers [8-10].
Although there are still some problems in the biological assessment of water quality, there is also a
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need for the cooperation of monitoring methods.
Yitong River is an imperative river in Changchun City, which plays an important role in the
water ecological environment of Changchun City,
and there are many studies on the water quality of
the river.Past studies on the Yitong River in
Changchun mainly focuses on water quality and
sediment [11-13], but there is relatively little discussion on phytoplankton in the main channel of
Yitong River. In this paper, according to the characteristics of the ecological environment of Yitong
River in Changchun city, eight (8) sampling sites in
urban section, upstream section of Changchun city
and wetland area were investigated by referring to
the national control sections of the provincial and
municipal monitoring stations. The urban section is
mainly an urban river course that has been built in
the surrounding area with many human activities.
The upstream section is a river course without or
under planning and construction. The surrounding
area is under construction or the two sides are
mainly farmland. The wetland section is along the
river section where the river passes through the
North Lake wetland with good surrounding ecological environment. On the basis of water quality
measurement, the relationship between phytoplankton and environmental factors and the spatial
and temporal distribution characteristics of phyto-

plankton in different regions were studied. From the
biological point of view, this paper interprets the
eutrophication problems in different areas of the
Yitong River in Changchun City, and discusses the
influencing factors of the regional distribution differences of phytoplankton, to provide a new perspective and ideas for the follow-up study of eutrophication in the main channel of Yitong River.
MATERIALS AND METHODS
Study area and sample setting.The study area, Yitong River, is a secondary tributary of Songhua River which originates in Yitong County, Jilin
Province and runs through the east of urban area
from south to north, and flows through Changchun
City, Nong'an County and Dehui City [14]. The
upper reaches of Yitong River are located above the
dam site of Xinlicheng Reservoir, and there are
many low mountains and hills on both sides, so the
production and confluence are fast; the middle
reaches from Xinlicheng Reservoir dam site to
Xinkai River estuary, Huajiaxiang Town, Nong'an
County, are mostly gullies and platforms; the lower
reaches of Yitong River are open and flat with
many oxbow lakes [15]. In this study, the main

FIGURE 1
Distribution of sampling points
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river channel of Yitong River in Changchun City
was divided into three areas, namely, Changchun
urban area, upstream area and wetland area. Eight
sampling points were selected in these three areas,
numbered S1-S8. The spatial distribution of sampling points is shown in Figure 1. S1-S3 was located in the upstream area of Changchun City, S4-S7
was located in Changchun urban area, and S8 was
located in the wetland area. The river sampling
survey was conducted in four batches in May
(spring), July (summer), September (Autumn) and
November (winter), respectively.

were calculated by species dominance (Y). The
calculation formula is as follows:

H'

J H ' / ln S [20] ;
D ( S  1) / ln N [21] ;
Y (ni / N ) u (ni / N )

[19]

;

(2)
(3)
(4)

[22]

;

(5)

Where: S is the number of species, N is the
total number of individuals in the same sample, and
ni is the number of individuals of species i. Characteristic index water condition grade [23,24]: H'
Value: 0-1 is heavy pollution, 1- LV Į - medium
pollution, 2-LVȕ- PHGLXPSROOXWLRQ-LV
FOHDQ-LVOLJKWSROOXWLRQ-Ls
PHGLXPSROOXWLRQ-LVKHDY\SROOXWLRQ'
value 0-1 is heavy pollution, 1-3 is medium pollution, and > 3 is light or no pollution; Y > 0.02 is
dominant species.

Sampling and analysis.Sampling (collection
and preservation of water quality), determining of
the TN, total phosphorus (TP), ammonia nitrogen,
permanganate index and other indicators were carried out according to the "Standard Method of Water and Wastewater Monitoring (Fourth Edition)"
issued by the Ministry of environmental protection
of the people's Republic of China[16]. Dissolved
oxygen (DO), water temperature and pH were directly measured using German WTW multi-parameter analyzer-multi3320, and transparency
was measured using Selden disk (more details).
Chlorophyll A was extracted by ultrasonic wave
with acetone: ethanol = 1:1 mixture [17] and COD
was measured using the COD rapid tester (Beijing
Lianhua Yongxing Technology Development Co.,
LTD, China).
The sampling and treatment methods of phytoplankton mainly referred to the Technical Specification for the Freshwater Biological Resources
Survey (DB43/T432-2009). A 1L water sample was
stored in a bottle, fixed by adding 1.5% Lugo solution and 4% formalin solution. After 48h precipitation in the laboratory, it was condensed into 50ml
and stored in the bottle. Regarding the “China's
Freshwater Algae: System, Classification and
Ecology” [18], the Algacount S300 intelligent algal
identification and counting instrument (Hangzhou
Xunshu Technology Co., Ltd, China) was used to
conduct a microscopic examination and counting of
phytoplankton samples. The calculation formula of
phytoplankton density is as follows:

N

¦ (ni / N ) ln(ni / N )

RESULTS
Seasonal variation of phytoplankton community.Investigation results showed that there were
74 species in 7 phyla, 76 species in 8 phyla, 75
species in 8 phyla and 65 species in 8 phyla in
spring, summer, autumn and winter respectively.
The number of phytoplankton species in winter
were lower than that in the other three seasons, and
there was no significant difference in the other three
seasons. The results of a one-way ANOVA analysis
of species in the upstream area showed that the
species number of phytoplankton in the upstream
area changed significantly from spring to summer
3 ZKLOHWKDWIURPVXPPHUWRDXWXPQZDV
not significant (P > 0.05), and that from autumn to
ZLQWHUZDVVLJQLILFDQW 3 ,QWKHXUEDQDUHDV
there was no significant change in species number
from spring to summer (P > 0.05), but it was signLILFDQW IURP VXPPHU WR DXWXPQ WR ZLQWHU 3 
0.05). There were significant differences in the
number of phytoplankton species in the four seaVRQV 3    VR WKHUH ZHUH VLJQLILFDQW GLIIHU
ences in the number of phytoplankton species in
Yitong River of Changchun City in different seasons. In spring, summer and autumn, the number of
species of Chlorophyta accounted for 43%, 47%
and 45% respectively, followed by diatoms.
Meanwhile in winter, the species of Bacillariophyta
accounted for the highest proportion, accounting for
42%, followed by green algae as shown in Figure 2,
left. The proportion of Cyanophyta species in
summer was higher than that in other three seasons,
and the proportion of Gymnophyta was also higher
in summer and autumn; the number of Cryptophyta
and Pyrrophyta did not change significantly, and the
number of species of Xanthophyta and Chrysophyta
was small in four seasons.

Cs
V
u u Pn
Fs u Fn U
……………..(1)

Where: Cs is the area of the counting box
(mm2); Fs is the area of each field of vision (mm2);
Fn is the number of counted visual fields; V is the
volume after precipitated and concentrated of 1L
water sample (ml); U is the volume of the counting
box (ml).
Origin 2018 and excel 2013 software were
used to carry out statistics and drawing of data.
RDA of species data and environmental factor data
using Canoco 5.0. The phytoplankton community
was characterized by the Shannon-Wiener diversity
index (H'), Margalef richness index (D) and Pielou
evenness index (J). Phytoplankton dominant species
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The average density of phytoplankton in 8 research points of the river was 2.98 × 106 cells·L-1
in spring, 12.06 × 106 cells·L-1 in summer, 2.79 ×
106 cells·L-1 in autumn and 4.24 × 106 cells·L-1 in
winter. The phytoplankton density in summer was
significantly higher than that in the other three
seasons as shown in Figure 2, right. Cyanophyta
was dominant with average densities of 4.23 × 106
cells·L-1 and 1.68 × 106 cells·L-1 in summer and
autumn, respectively. The density of Cyanophyta
was the lowest in winter, 141 times higher in summer, and the difference was obvious between the
two seasons; the density of Chrysophyta was higher
in winter than in other seasons, and the proportion
was higher in winter. ANOVA analysis showed that
the seasonal differences of phytoplankton density
between urban and upstream areas were significant
3 H[FHSWIRUZHWODQGVLWHV

Spatial variability of phytoplankton communities.In the urban area of Changchun section of
Yitong River, there were 57 species of phytoplankton in 6 phyla in spring, 54 species in 7 phyla in
summer, 63 species in 7 phyla in autumn and 39
species in 7 phyla in winter. In the upstream region,
there were 42 species of phytoplankton in 6 phyla
in spring, 39 species in 6 phyla in summer, 38 species in 7 phyla in autumn and 41 species in winter.
In the wet area, there were 31 species in 7 phyla in
spring, 37 species in 8 phyla in summer, 30 species
in 8 phyla in autumn and 21 species in 8 phyla in
winter, as shown in Figure 3. The number of phytoplankton species in the Changchun section of
Yitong River was in the order of the urban area >
the upstream area > the wetland area, and the species number in the urban area varied greatly with
the seasons.

FIGURE 2
Phytoplankton species ratio (left) and density distribution (right) in Changchun section
of Yitong River in four seasons

FIGURE 3
Seasonal distribution of phytoplankton species proportion in Changchun section of Yitong River
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FIGURE 4
Seasonal distribution of phytoplankton density in Changchun section of Yitong River
TABLE 1
Dominant species and dominance of phytoplankton in Changchun section of Yitong River

TABLE 2
Seasonal distribution of p
phytoplankton
y p
characteristic index in Changchun
g
section of Yitong
g River
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The mean density of phytoplankton and Cyanophyta in Changchun section of Yitong River
showed a trend of urban area > wetland area >
upstream area in spring, summer and autumn, and
the upstream region> urban area > wetland area in
winter (shown in Figure 4). The average density of
phytoplankton in an urban area in summer was
VLJQLILFDQWO\KLJKHUWKDQWKDWLQRWKHUWZRDUHDV 3
0.05), but there was no significant difference in the
average density of phytoplankton in different areas
in winter (P > 0.05). The phytoplankton density in
summer in urban areas was the highest among the
four seasons, which was 17.28 × 106 cells·L-1.
This was 36.77 times higher than that in upstream
region in the autumn. The average density of cyanobacteria in the urban regions during summer was
the highest in all the four seasons, thus, 5.90 × 106
cells·L-1 which was 148 times higher than that in
winter wet area. The dominant species in each region are shown in Table 1. In spring and winter and
in the urban aresa, the dominant degree of Cyclotella sp. recorded the highest. The dominant
degree of Pseudoanabaena sp. was the highest in
the upstream regions in summer and Merismopedia
minma was the highest in autumn in the urban areas.
During the summer and autumn period, cyanobacteria were more likely to be dominant among the
other species, while Chrysophyta only becomes
dominant in winter, with fewer dominant species in
wet areas. According to the cumulative number of
occurrences, the dominant species appeared in
summer > autumn > winter > spring then the urban >
upstream > wetland.

Detrended Correspondence Analysis (DCA) to
select the appropriate sequencing analysis method.
The results of DCA showed that the gradient length
of the first axis in four seasons was less than 3, so
RDA was selected for analysis.
The first axis and second axis species data of
the four quarters showed a significantly strong
correlation with environmental factors, and the
cumulative interpretation of species data was high,
indicating that the ordination axis could well reflect
the correlation between phytoplankton and environmental factors (Table 4).
As can be seen from Figure 5 (a), during
spring, the urban sample points were clustered in
the second and third quadrants, which are close to
WT, TN. The samples in the upstream area and the
wet area gather in the first and fourth quadrants.
Hence, TN and WT were the main environmental
factors that played a major role in phytoplankton in
spring. It can be seen from Figure 5 (b) that the
urban sample points in summer were clustered in
the second and third quadrants, and the distribution
was relatively scattered, and the influencing factors
were complex. The results disclosed that the wetland area was in the first quadrant, close to SS; the
sample points in the upstream area were relatively
scattered, close to WT and SS. WT, SS and CODCr
were the main environmental factors that play a
major role in phytoplankton in summer.
From Figure 5 (c), it shows that the urban
sampling points in autumn were clustered in the
second and third quadrants, and were positively
correlated with TN, TP, SS, CODCr and WT. The
aggregation in the upstream and wet areas was
related to the first and fourth quadrants, and the
correlation with various environmental factors was
low. TP, TN and CODCr were the main environmental factors that played an important role in
phytoplankton in autumn.
Figure 5 (d) shows that the urban and wet areas were mainly concentrated in the second and third
quadrants in winter, which were close to TN; the
sampling points in the upstream area were scattered
and the influencing factors were complex. Consequently, TN and CODCr were the main environmental factors that played a major role in winter on
phytoplankton.

Spatial and temporal variation of phytoplankton diversity index.During the survey period,
the diversity index ranged from 1.62 to 3.07, with
an average of 2.27. The richness index ranged from
1.24 to 2.32, with an average of 1.86. And the
evenness index ranged from 0.54 to 0.85, with an
average of 0.68, as shown in Table 2. The highest
values of diversity, evenness and richness appeared
in the wet areas in summer, and the lowest values
appeared in urban areas in winter. From the average
value, the diversity and richness of the river showed
a trend of spring > summer > autumn > winter. In
summary, the results showed that the evenness was
in the order of spring and summer > autumn and
winter, and the diversity index, richness index and
evenness index in the region were wet area > upstream area > urban area.

Factors affecting the temporal variation of
phytoplankton community structure.Green algae
were the most abundant phytoplankton species in
both urban and wet areas, followed by diatoms. In
spring and winter, the diatoms were the most abundant phytoplankton species, followed by green
algae, which were greatly affected by water temperature. This was also substantiated in the RDA
analysis. Phytoplankton in spring and winter had a
significant negative correlation with water temperature. The phytoplankton density in summer was
higher than that in the other three seasons,

Relationship between Phytoplankton Distribution and environmental factors.Using TN,
TP, SS, CODCr and WT as the environmental assessment factors, as shown in Table 3, phytoplankton species were selected in May (spring), July
(summer), September (Autumn) and November
(winter) for analysis. The seasonal phytoplankton
density data of the river were analyzed by
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TABLE 3
Physical and chemical factor values in each region (mean ± standard deviation)

TABLE 4
RDA analysis and statistical information of main phytoplankton
Species-environment correlation coefficient
Cumulative percentage of species (%)

Quarter

AX1

AX2

Spring

0.5499

0.3160

54.99

86.59

Summer

0.5295

0.2444

52.95

77.39

Autumn

0.4417

0.3076

44.17

74.93

Winter

0.5314

0.2922

53.14

82.36

D 

1.0

AX2

1.0

AX1

E 

WT
CODCr

TP

SS

TP

SS

TN

CODCr

WT

6SULQ

6XPPHU
-1.0

-1.0

TN

0.8

1.0

F 

TN

-1.0

1.0

1.0

-1.0

G 
TN

TP
CODCr

WT

TP

WT
SS

CODCr

$XWXPQ

SS

-1.0

-0.6

:LQ

-1.0

0.8

-0.4

FIGURE 5
RDA sequence of phytoplankton quadrats and environmental factors

1.0



Note: the circle in the figure indicates the upstream area, the square represents the urban area, and the star represents the
wetland point).
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especially cyanobacteria, which may be related to
the changes of phytoplankton community structure,
climate and the surrounding environment. The
average water temperature in spring was 12.36 ±
1.90 Ԩ, summer was 24.23 ± 2.05 Ԩ, autumn was
17.13 ± 2.97 Ԩ, and winter was 2.63 ± 1.58 Ԩ. The
water temperature in summer and autumn was significantly higher than that in spring and winter, and
cyanobacteria were suitable for mass reproduction
under high temperature. Generally, the suitable
temperature range for cyanobacteria growth was
25-35 Ԩ, which were a kind high-temperature resistant algae. Therefore, the increase in water temperature in summer provided a good growth environment for the growth of cyanobacteria and then
resulting in cyanobacteria outbreak. As a result, the
number and density of cyanobacteria were higher in
summer than in autumn. The concentration and
proportion of nitrogen and phosphorus greatly affected the distribution of phytoplankton. The concentration of TN in Changchun section of Yitong
River showed a trend of autumn > spring > winter >
summer, while the concentration of TP in the four
seasons had less variation. In terms of nutrients, the
structure of phytoplankton in Changchun section of
Yitong River was mainly limited by TN and the
results of the lowest TN concentration insummer
was different from the results of seasonal variation
of total nitrogen in common rivers [25]. This takes
into account that the upstream reservoir opened
sluice and released water in August, the TN concentration in each sampling point decreased in that
month due to the dilution of incoming water from
the reservoir.

river was better and enhanced the stability of the
distribution of phytoplankton. The phytoplankton
density in the upstream area was lower. In the wet
area, cyanobacteria density was low and phytoplankton Shannon-Wiener index was high. The wet
area was located on the west side of the Beihu Wetland connected with the Yitong River. Beihu Wetland plays an indispensable role in river ecological
restoration and river water self-purification, making
the ecosystem stable and providing a good growth
environment for phytoplankton. Water temperature
in spring and winter was positively correlated with
phytoplankton density but negatively correlated
with the water temperature in summer and autumn.
The community structure of phytoplankton in the
upper reaches of the city was mainly related to WT
and SS. The main reason was that the upper riparian
zone was mostly natural bank slopes. Due to the
disturbance of surface runoff scouring and other
factors, soil or sediment around the river channel
entered into the river channel, which increased the
content of suspended solids in the river channel and
then affected the phytoplankton community structure. The results from the RDA analysis showed
that the main factors affecting phytoplankton community structure in Changchun section of Yitong
River were TN, WT and CODCr. Nitrogen and
CODCr pollution levels are critical in river management.
CONCLUSIONS
In this paper, the water environment and phytoplankton community structure of 8 sampling
points along the Yitong River in Changchun were
investigated and the results showed that the number
of phytoplankton species in the river section was in
the order of urban area > upstream area > wetland
area, and the seasonal variation was not obvious.
The density of phytoplankton and Cyanophyta in
spring, summer and autumn showed the rule of
urban area > wetland area > upstream area, and in
winter, the pattern of upstream area > urban area >
wetland area. In summer and autumn, cyanobacteria
are more likely to become dominant. In spring,
summer and autumn, the number of phytoplankton
species ranging from large to small were green
algae and diatoms, while in winter, the order of
phytoplankton species from large to small were
diatom and green algae. According to the cumulative number of dominant species, the order was
summer > autumn > winter > spring, urban > upstream > wetland. In summer and autumn, cyanobacteria are more likely to become dominant, with
fewer dominant species in wet areas. The highest
values of diversity, evenness and richness appeared
in the wet areas during summer, and the lowest
values appeared in urban areas in winter.
The main factors affecting phytoplankton

Factors affecting the spatial variation of
phytoplankton community structure.It can be
deduced from the results that the total density of
phytoplankton and cyanobacteria were the highest
in the urban region, and the overall diversity index
was low. This phenomenon was mainly due to
densely populated regions and the impact of anthropogenic activities nearby. The nutrient concentration of the sample points in this area was higher
than that in the upstream area and wet area, and the
influencing factors were complex, and the CODCr
fluctuation was the largest. There were farmland
and residential areas on both sides of the river in the
upstream area. With main farmlands in the surrounding, some points might have been polluted
from agricultural non-point sources. Besides, due to
frequent and heavy rainfall in summer, the land
pollution loads entered the river in the upstream
area along with the rainwater, causing certain pollution to the river. During the survey period, TN and
CODCr exceeded the standard to varying degrees at
various points in the upstream area. However, the
upstream area was close to Xinlicheng Reservoir
where clean water from the reservoir is discharged
regularly. Besides, the original condition of the
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community structure in Changchun section of
Yitong River were identified to be TN, WT and
CODCr. During spring and winter, the phytoplankton density in the urban area was mainly affected by
TN, and the correlation between phytoplankton and
five environmental factors (TN, TP, SS, CODCr
and WT) was relatively low in the upstream and
wet areas in spring. During winter, the influence
factors in the upstream area were complex, and the
wet area in winter was mainly affected by TN. In
summer and autumn, the urban areas were mainly
affected by WT and CODCr, and the influence
factors of phytoplankton in the wetland area and
upstream area were more complex. During the
investigation, it was found that TN exceeded the
standard in all sampling points, while the river
water in urban and upstream areas was extremely
polluted by organic pollutants. Therefore, more
attention should be paid to phytoplankton bloom
and eutrophication. Monitoring the change of dominant species in the sample points in the upstream
area and carrying out water quality warning, especially in the rivers near the reservoir will effectively
help in pollution prevention and control.
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SALINITY TOLERANCE OF COMMONLY
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Negative impacts of excessive soil salt concentrations on plants can be seen in two different
fashions, as of osmotic and toxic (ion). Osmotic
impact can be defined as physiological drought
resulted from inhibition of plant water uptake from
the soil because of excessive salt accumulation in
soil solution. Toxic (ion) impact emerges as the
synthesis of toxic compounds by the salts up taken
by the plants. Both of these negative cases result in
recessed root growth, pudginess, decreased bud
formation, small leaves and fruits, pollination disorders and cell deaths and resultant necrosis in plant
organs [4]. High salt concentrations cause hormonal
imbalances, decreased stomal opening and CO2
uptake, loss of transpiration, chlorosis and ultimate
recession in plant growth and development [5-7].
Plants have different responses against the salts
accumulated in soils. While some plants and cultivars are resistant to salt stress, some other are quite
sensitive to salt stress. Such cases influence plant
adaptation mechanisms to saline environments.
Plant adaptation mechanisms to saline environments emerge as inhibition of salt uptake of the
plants, inactivation of already up taken salts, dilution of salts and accumulation of salts in protoplasts.
Grapevines are classified among the sensitive
plants to stress conditions [8]. They are defined as
moderately resistant to saline conditions [9]. Plants
try to have an osmotic balance in case of increasing
salinity. Such a case keeps cell pressure and volume
through the production of glycerin, proline, mannitol and soluble sugars-like metabolites [10]. Plants
should also have antioxidant systems for resistance
against oxidative stress conditions like increased
salinity [9].
In the vineyard areas in Turkey, especially salinity are common problems [11]. While Muscat of
Hamburg is grown in the central Anatolian region
and Marmara, Isabella is grown in the Black Sea.
The suitability of Muscat of Hamburg and Isabella
grape cultivars to saline viticulture areas has not
been established. The present study was conducted
to determine the salinity tolerance of Muscat of
Hamburg (V. vinifera L.) and Isabella (V. labrusca)
grape cultivars through suing different salt concentrations. How well the Isabella cultivar with quite
high antioxidant and resveratrol contents could be

ABSTRACT
This study was conducted at research and implementation greenhouse of Horticulture Department, Agricultural Faculty, Ordu University, Turkey in 2014. As the plant material, 2-bud scions of
Muscat of Hamburg (V. vinifera L.) and Isabella (V.
labrusca L.) grape cultivars were used. Salt treatments at different doses (0, 50, 100, 150, 200 mM
NaCl) were initiated when the scions had 2-3 leaves
and scions were subjected to salt treatments for 8
weeks. Experiments were conducted in randomized
plots experimental design with 3 replications with
10 scions in each replication. Results revealed that
leaf sodium content increased with increasing salt
treatment doses and such increases were more distinctive in Muscat of Hamburg cultivar. Decreases
were observed in physical parameters of both cultivars with increasing salt treatments. With regard to
physical and physiological parameters, Muscat of
Hamburg cultivar was found to be more tolerant to
salinity than Isabella cultivar. So recommendation
is that farmers should grow Muscat of Hamburg
under saline conditions
KEYWORDS:
Grapes, Stress, Salinity, Muscat of Hamburg, Isabella

INTRODUCTION
The stressors with negative impacts on plants
are classified as biotic (plants, animals, microorganisms and anthropogenic impacts) and abiotic (radiation, temperature, water, gasses, minerals and etc.)
stressors. Among the abiotic stressors, mineral
stress constitutes about 20% of total stress after
drought stress. Majority of mineral stress is composed of salinity [1].
Salt stress can be defined as the existence of
various salts (chloride, sulphate, carbonate, bicarbonate and borate) in soils and water at such levels
as to inhibit plant growth and development. However, sodium chloride (NaCl) is the most common
salt form in nature [2]. About 2 % of surface area of
Turkey is covered with arid lands and 74 % of these
lands (about 12 000 ha) is salt affected [3].
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produced under saline conditions of the northern
sections of Turkey will identified and salt tolerance
of high quality table grape Muscat of Hamburg and
Isabella will be determined.
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slight drying and necrosis at leaf tips were classified as “1 degree”, the ones with necrosis over more
than 50% of the leaf and stem were classified as “2
degree”, the ones with vital necrosis were classified
as “3 degree” damage. Tolerance ratios of the cultivars at different NaCl doses were calculated based
on shoot and root dry weights by using the following equations for each NaCl dose and each cultivar
separately [15].
TO=Tx / To
Tx: Shoot and root dry weight of cuttings
treated with certain NaCl dose (g)
To: Shoot and root dry weight of cuttings
without certain NaCl dose (g)
Shoot and root dry weight–based tolerance index values were calculated to put forth general
attitude of the scions against NaCl treatments [16].
7ø Ȉ [x (Tx/To)100]
N: 5 (number of treatment)
x: 0.0; 0.5; 1.0; 1.5; 2.0 % NaCl (=0; 50;100;
150; 200 mM NaCl)
Tx: (x %) Shoot and root dry weight of NaCltreated cuttings (g)
To: Shoot and root dry weight of untreated
cuttings (g)
LSD test was used for grouping of the means
at 5% level. Statistical analyses were performed
with JMP 10.0 statistical software.

MATERIALS AND METHODS
Two-bud cuttings of Muscat of Hamburg (V.
vinifera L.) and Isabella (V. labrusca) grape cultivars were used as the plant material of the study.
Experimental cuttings were supplied during the
dormancy period of grapevines in February and
preserved at +4 ºC in a cold storage until the treatments. A day before planting, cuttings were removed from the storage and kept in water for 24
hours. Then the bottom bud was blinded and cuttings were turned into one-bud cuttings. Prepared
cuttings were planted into perlite-filled pots (200
mm x 800 mm x 160 mm= 17 lt) at 26.02.2014.
Pots were kept in unheated greenhouse. Experiments were conducted in randomized plots experimental design with 3 replications with 10 scions in
each replication. A total of 15 pots were used for
each cultivar. Salt treatments were initiated when
the buds burst and had 2-3 leaves (9th phenological
stage of [12]. Salt treatment doses were arranged as
0 (Control), 50, 100, 150, 200 mM NaCl
(NaCl:Tekkim, 070213 641). Saline water treatments were performed as one-week saline water
and one-week regular irrigation water. Regular
irrigation water was unsaline with regard to electrical conductivity (EC). A single Hoagland 2 nutrient
solution (H2395, SIGMA) was applied to experimental cuttings. Saline water treatments were terminated at the end of 8th week. Plants were removed from the perlite medium, then samples were
taken for physiological measurements and analyses.
Shoot and root lengths (cm) were determined. They
were dried at 65ºC for 72 hours and shoot and root
dry weights (g) were determined through weighting
with a precise balance (±0.01 g). Number of leaves
and number of roots per cuttings were also determined. Leaf samples were taken from 1/3 midsection of the shoot and leaf area (cm2) was measured with a planimeter (KOIZUMI KP90N). Total
chlorophyll content was determined with a SPAD
meter (Konica Minolta, SPAD 502 plus). Leaf K
(%) and Ca (%) concentrations were determined
with dry-ashing method and readings were performed in an atomic absorption spectrophotometer
and resultant values were multiplied with dilution
factor. Leaf Na content was determined in accordance with [13] in an atomic absorption device. For
leaf damage levels, the scale created for strawberry
plants by [14] was modified and used. In this scale,
the plants without salt-induced necrotic spots were
classified as “0 degree” damage, the ones with

RESULTS AND DISCUSSION
Effect of salt stress on shoot growth. Significant decreases were observed in shoot lengths,
shoot dry weights, number of leaves and leaf areas
of both cultivars with increasing NaCl doses
(P<0.05). With regard to these parameters, cultivars
and cultivar x treatment interactions were also
found to be significant (P<0.05) (Table 1). The
greatest shoot length was observed in Isabella cultivar (6.5 cm) and control cuttings without NaCl
treatments (7.5 cm). Considering the cultivar x
treatment interactions, the lowest shoot lengths
were observed in 200 mM treatments of both cultivars (Isabella: 5 cm, Muscat of Hamburg: 3.4 cm).
The greatest shoot dry weight (0.252 g) was obtained from Isabella cultivar and control treatment
(0.406 g). Shoot dry weights decreased with increasing salinity doses. The lowest shoot dry weight
(0.130 g) was observed at the highest salinity
treatment dose of 200 mM. Considering the shoot
dry weights of cultivar x treatment interactions, the
greatest value (0.462 g) was obtained from the
control treatment of Isabella cultivar and the lowest
value (0.123 g) was obtained from 200 mM NaCl
treatment of Isabella cultivar.
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TABLE 1
Effect of different NaCl doses on Shoot Length (cm), Shoot Dry Weight (g), and Leaf Area (cm2) in
Isabella and Muscat of Hamburg grape cultivars
Shoot Length (cm)
Shoot Dry Weight (g)
Leaf Area (cm2)
NaCl
Doses
Muscat
Muscat of
Muscat of
Isabella
Average Isabella
Average Isabella
Average
(
of Hamburg
Hamburg
Hamburg
0 mM
8.2 a
6.9 b
7.5 A
0.462 a
0.349 b 0.406 A
21.7 b
25.9 a
23.8 A
50 mM
6.6 b
5.6 de
6.1 B
0.281 c
0.271 c
0.276 B
20.2 c
19.2 d
19.7 B
100 mM 6.5 bc
5.2 ef
5.9 B
0.264 c
0.190 d 0.227 C
16.8 e
16.6 e
16.7 C
150 mM 5.9 cd
4.7 f
5.3 C
0.129 e
0.185 d 0.157 D
6.1 h
14.8 f
10.4 D
200 mM
5.0 e
3.4 g
4.2 D
0.123 e
0.138 e
0.130 E
5.3 h
10.4 g
7.8 E
Average 6.5 A
5.1 B
0.252 A 0.226 B
14.0 B
17.4 A
LSD 5% (Cultivar, Shoot length): 0.3; LSD 5% (Salt Doses, Shoot length): 0.4; LSD 5% (Cultivar x Salt Doses, Shoot
length): 0.6; LSD 5% (Cultivar, Shoot Dry Weight): 0.013; LSD 5% (Salt Doses, Shoot Dry Weight): 0.021; LSD 5% (Cultivar x Salt Doses, Shoot Dry Weight): 0.029; LSD 5% (Cultivar, Leaf Area): 0.4; LD 5 % (Salt Doses, Leaf Area): 0.6; LSD 5
% (Cultivar x Salt Doses, Leaf Area): 0.9

The greatest number of leaves was observed in
Muscat of Hamburg cultivar (6 leaves) and in control treatment (7 leaves). Considering the number of
leaves of cultivar x treatment interactions, the maximum value was obtained from the control treatment of Muscat of Hamburg cultivar (8 leaves) and
the lowest value was obtained from 200 mM NaCl
treatment of Isabella cultivar (2 leaves).
With regard to leaf areas, Muscat of Hamburg
(17.4 cm2) had larger leaves than Isabella (14.0
cm2) cultivar. Considering the leaf areas of salt
treatments, the maximum value was obtained from
control treatment (23.8 cm2). Leaf areas decreased
with increasing treatment doses and the lowest
value was obtained from the greatest dose of 200
mM (7.8 cm2). Considering the leaf areas of cultivar x treatment interactions, decreases were observed with salt treatments. The largest leaves were
obtained from the control treatment of Muscat of
Hamburg cultivar (25.9 cm2) and the smallest
leaves were obtained from 200 mM NaCl treatment
of Isabella cultivar (5.3 cm2).
Salinity reduced the growth of salt-sensitive
species (glycophytes) such as vine. The rate of
photosynthetic CO2 fixation of salt-sensitive species
declines with salinity because of stomatal closure.
The decrease in shoot lengths with increasing salt
concentrations of the present study comply with the
findings of [10] and [17]. [18] also indicated that
increasing salt treatments reduced shoot dry
weights. Such decreases were also observed in
shoot dry weights of the present cultivars and decreases in shoot dry weights of Muscat of Hamburg
cultivar were more remarkable. Decreases in shoot
dry weights of the present study were also supported by the findings [18] and [19]. Present findings
on decreasing leaf size with increasing salt concentrations comply with the findings of [10].

significant (P<0.05) (Table 2 and 3). The greatest
rooting ratio was observed in Muscat of Hamburg
cultivar (87.3%) and in control treatment (90.0%).
Considering the rooting ratios of cultivar x treatment interactions, the greatest value was obtained
from the control treatment of Muscat of Hamburg
cultivar (100%) and the lowest value was obtained
from 150 and 200 mM NaCl treatment of Isabella
cultivar (50.0%) (Table 2).
Dry root weights decreased with increasing salinity doses. Muscat of Hamburg cultivar (0.183 g)
had higher root dry weights than Isabella (0.135 g)
cultivar. Among the treatments, control group had
the greatest root dry weight with 0.265 g. The lowest root dry weight (0.066 g) was observed in 200
mM NaCl treatment. Considering the cultivar x
treatment interactions, again decreasing values were
observed in both cultivars with increasing salinity
treatments. Such decreases were more distinctive in
Isabella cultivar. The greatest root dry weight was
obtained from the control treatment of Muscat of
Hamburg cultivar (0.265 g) and the lowest value
was obtained from 200 mM treatment of Isabella
cultivar (0.011 g).
As the general cultivar average, the greatest
root length (6.9 cm) was obtained from Muscat of
Hamburg cultivar. The average root length of Isabella cultivar was 4.3 cm. Among the treatments,
the greatest root length was obtained from the control treatment (8.2 cm). Root lengths decreased with
increasing salt doses and the lowest value was observed in the greatest salinity dose of 200 mM
treatment (3.5 cm). Considering the root lengths of
cultivar x treatment interactions, it was observed
that salt treatments decreased root lengths at certain
extend. The greatest value was obtained from the
control treatment of Muscat of Hamburg cultivar
(9.2 cm) and the lowest value was obtained from
150 and 200 mM treatments of Isabella cultivar (1.7
cm) (Table 3).
Significant differences were observed in number of roots of the cultivars. The greatest value was
obtained from Isabella cultivar (14 roots). There

Effects of salt stress on root growth. Effects
of cultivars, treatments and cultivar x treatment
interactions on rooting ratios, root lengths, number
of roots and root dry weights were found to be
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were also distinctive differences in number of roots
of the treatments. The greatest value was obtained
from the control treatment (18 roots) and number of
roots decreased with increasing salinity doses. The
lowest number of roots was observed in the greatest
salinity dose of 200 mM (6 roots). Considering the
cultivar x treatment interactions, it was observed
that number of roots of both cultivars decreased
with increasing salinity doses. The greatest value
was obtained from the control treatment of Isabella
cultivar (21 roots) and the lowest value was obtained from 200 mM treatment of Isabella cultivar
(5 roots) (Table 3). [18] indicated that excessive
salt may result in decreased water uptake, ion toxicity and ion imbalance in plants. In present study,
Isabella cultivar was found to be as more sensitive
than Muscat of Hamburg and thus had less rooting
ratio, shorter shoots and less shoot dry weights.
Present findings about the effects of salinity treatments on root growth parameters comply with the
findings of [10]. [10] concluded a decrease in root
dry weight with increasing salt doses in Ghezel and
Seedless Red varieties.
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ty levels reduced the chance of survival. [18] reported decreasing chlorophyll contents with increasing salinity levels. In present study, Isabella
cultivar was more influenced from salinity than
Muscat of Hamburg cultivar, thus had lower chlorophyll contents.
Effects of salt stress on degree of damage.
The effects of salt stress on degree of damage are
provided in Table 4. Effects of cultivars, treatments
and cultivar x treatment interactions on damage
levels were all found to be significant (P<0.05). The
greatest damage level was observed in Isabella
cultivar (1.3) and the damage level of Muscat of
Hamburg was identified as 0.6. Damage levels
increased with increasing salinity doses. While the
degree of damage was “0” in control group, the
values increased with increasing salinity levels and
reached to “2.0” at the greatest salinity dose of 200
mM. Considering the damage levels of the cultivar
x treatment interactions, increases were observed in
both cultivars with increasing salinity doses. The
lowest damage level was observed in untreated
control plants (0) and the greatest value was observed in 200 mM NaCl treatment of Isabella cultivar (2.6). Present findings about the effects of increasing salt doses on damage levels comply with
the finding of [9].

Effects of salt stress on leaf chlorophyll content. Total chlorophyll contents decreased with
increasing salinity doses (Table 4). Effects of cultivars, treatments and cultivar x treatment interactions on chlorophyll contents were found to be
significant (P<0.05). Isabella cultivar (9.29) had
higher total chlorophyll content than Muscat of
Hamburg cultivar (5.53). Among the treatments,
control group had the greatest total chlorophyll
content (9.19) and decreasing values were observed
with increasing salinity treatments. The lowest
chlorophyll content was obtained from 200 mM
NaCl treatment (4.40). Considering the chlorophyll
contents of the cultivar x treatment interactions, the
greatest value was obtained from the control treatment of Isabella cultivar (11.90) and the lowest
value was obtained from 200 mM NaCl treatment
of Isabella cultivar (4.36) (Table 4). [1] indicated
that metabolic, especially photosynthetic activity
was greatly influenced by salinity and excess salini-

Effects of salt stress on leaf nutrient contents. The effects of different NaCl doses on leaf
Na, K and Ca contents of two different grape cultivars are provided in Table 5. Effects of cultivars,
treatments and cultivar x treatment interactions on
leaf nutrients were found to be significant (P<0.05).
The greatest Na content was obtained from Muscat
of Hamburg cultivar (3.563) and average leaf Na
content of Isabella cultivar was identified as 0.512
ppm. Leaf Na contents increased with increasing
salt concentrations. While leaf Na content was
0.058 ppm in control plants, the value reached to
5.352 ppm at the greatest salinity dose of 200 mM
NaCl. Considering the Na contents of cultivar x
treatment interactions, increases were observed in

TABLE 2
Effect of different NaCl doses on Rooting Rate (%), Root Dry Weight (g), in Isabella and Muscat of
Hamburg grape cultivars
Rooting Rate (%)
Root Dry Weight (g)
NaCl
Muscat of
Muscat of
Doses
Isabella
Average
Isabella
Average
Hamburg
Hamburg
0 mM
80.0 bc
100.0 a
90.0 A
0.264 a
0.265 a
0.265 A
50 mM
76.7 c
100.0 a
88.3 A
0.212 b
0.217 b
0.215 B
100 mM
70.0 c
90.0 ab
80.0 B
0.161 c
0.176 c
0.169 C
150 mM
50.0 d
90.0 ab
70.0 C
0.026 e
0.135 d
0.080 D
200 mM
50.0 d
56.7 d
53.3 D
0.011 e
0.120 d
0.066 E
Average
65.3 B
87.3 A
0.135 B
0.183 A
LSD 5% (Cultivar, Rooting Rate): 5.2; LSD 5% (Salt Doses, Rooting Rate): 8.2; LSD 5% (Cultivar x Salt Doses, Rooting
Rate): 11.6; LSD 5% (Cultivar, Root Dry Weight): 0.008; LSD 5% (Salt Doses, Root Dry Weight): 0.012; LSD 5% (Cultivar
x Salt Doses, Root Dry Weight): 0.018
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TABLE 3
Effect of different NaCl doses on Root Length (cm) and Root Number (n) in Isabella and Muscat of
Hamburg grape cultivars
Root Length (cm)
Root Number (n)
NaCl
Muscat
of
Doses
Isabella Muscat of Hamburg Average Isabella
Average
Hamburg
0 mM
7.1 c
9.2 a
8.2 A
21 a
15 c
18 A
50 mM
6.7 cd
8.4 b
7.5 B
19 b
14 d
17 B
100 mM
4.3 g
6.2 de
5.3 C
14 d
11 e
12 C
150 mM
1.7 h
5.6 e
3.7 D
11 e
11 e
11 D
200 mM
1.7 h
5.3 f
3.5 D
5g
8f
6E
Average
4.3 B
6.9 A
14 A
12 B
LSD 5% (Cultivar, Root length): 0.2; LSD 5% (Salt Doses, Root length): 0.4; LSD 5% (Cultivar x Salt Doses, Root length):
0.6; LSD 5% (Cultivar, Root number): 0.4; LSD 5% (Salt Doses, Root number): 0.6 LSD 5% (Cultivar x Salt Doses, Root
number): 0.9

TABLE 4
Effect of different NaCl doses on Chlorophyll Content and Damage Degree (0-3) in Isabella and Muscat of
Hamburg grape cultivars
Chlorophyll Content
Damage Degree (0-3)
NaCl
Muscat
of
Muscat of
Doses
Isabella
Average
Isabella
Average
Hamburg
Hamburg
0 mM
11.90 a
6.47 d
9.19 A
0.0 g
0.0 g
0.0 E
50 mM
11.52 a
6.33 d
8.92 A
0.6 d
0.3 ef
0.4 D
100 mM
10.29 b
5.97 d
8.13 B
1.1 bc
0.6 de
0.9 C
150 mM
8.37 c
4.45 e
6.41 C
2.4 a
0.9 cd
1.6 B
200 mM
4.36 e
4.44 e
4.40 D
2.6 a
1.4 b
2.0 A
Average
9.29 A
5.53 B
1.3 A
0.6 B
LSD 5% (Cultivar, Chlorophyll Content): 0.29; LSD 5% (Salt Doses, Chlorophyll Content): 0.46;
LSD 5% (Cultivar x Salt Doses, Chlorophyll Content): 0.65; LSD 5% (Cultivar, Damage Degree): 0.1; LSD 5% (Salt Doses,
Damage Degree): 0.2; LSD 5% (Cultivar x Salt Doses, Damage Degree): 0.3

both cultivars with increasing salinity treatments.
The lowest Na content was obtained from the control treatment of Isabella cultivar (0.041 ppm) and
the greatest value was obtained from 200 mM NaCl
treatment of Muscat of Hamburg cultivar (9.525
ppm). [20] indicated leaf Na contents lower than
0.1% as sufficient, Na contents of between 0.2 –
0.5% as critical for grapevines and Na contents of
above 0.5% as toxic for grapevines. In present
study, critical value was reached at 100 mM salt
treatment in both cultivars.
The greatest leaf K content was observed in
Isabella cultivar (1.406 %) and leaf K content of
Muscat of Hamburg cultivar was identified as
1.023%. Distinctive decreases were observed in leaf
K contents with increasing salinity treatments.
While the leaf K content of untreated control plants
was 1.399 %, values decreased with increasing
salinity doses and reached to minimum values at the
greatest salinity dose on 200 mM (1.067 %). Considering the leaf K contents of cultivar x treatment
interactions, decreases were observed in leaf K
contents of both cultivars with increasing salinity
treatments. The greatest value was obtained from
the control treatment of Isabella cultivar (1.605 %
and the lowest value was obtained from 200 mM
NaCl treatment of Muscat of Hamburg cultivar

(0.868 %) (Table 5). [22] indicated that K contents
in different parts of grapevines were influenced by
salinity treatments and reported decreasing values
with increasing salinity doses. Present decreasing
leaf K contents with increasing salinity levels comply with the results [18-20].
Muscat of Hamburg cultivar (1.585 %) had
higher leaf Ca content than Isabella cultivar (1.360
%). Among the treatments, the greatest Ca contents
were obtained from the control group (1.640 %)
and 50 mM NaCl treatment (1.608 %). Leaf Ca
contents decreased with increasing salt concentrations and the greatest decrease was observed at the
greatest NaCl dose of 200 mM (1.214%). Considering leaf Ca contents of cultivar x treatment interactions, decreasing values were observed in both
cultivars with increasing salt doses. The greatest
value was obtained from the control treatment of
Muscat of Hamburg cultivar (1.758 %) and the
lowest value was obtained from 200 mM NaCl
treatment of Isabella cultivar (1.102 %) (Table 5).
The value obtained from Isabella cultivar with 200
mM treatment was below the optimum values (1.2
– 1.8 %). Calcium plays an important role in removing sodium from stem cell membranes. Research shows that calcium protects the plant against
the lethal effect of sodium and chlorite in the root
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TABLE 5
Effect of different NaCl doses on Na (ppm), K (%) and Ca (%) of leaf in Isabella and Muscat of Hamburg
grape cultivars
NaCl
Dose
(mM)

Isabella

0
50
100
150
200
Average

0.041 e
0.271 e
0.536 de
0.625 de
1.179 d
0.512 B

Na (ppm)

K (%)

Muscatof
Hamburg
0.075 e
0.181 e
2.913 c
5.030 b
9.525 a
3.563A

Muscatof
Hamburg
1.192 g
1.071 f
1.017 fg
0.968 g
0.868 h
1.023 B

Average

Isabella

0.058 D
0.226 D
1.724 C
2.827 B
5.352 A

1.605 a
1.410 b
1.343 c
1.404 bc
1.266 d
1.406 A

Ca (%)
Average

Isabella

1.399A
1.240B
1.186C
1.180D
1.067D

1.521 bc
1.495 bc
1.419cde
1.261 ef
1.102 f
1.360 B

Muscat of
Hamburg
1.758 a
1.720 a
1.635 ab
1.489 bcd
1.326 de
1.585 A

Average
1.640A
1.608A
1.527A
1.375B
1.214C

LSD 5% (Cultivar, Na): 0.315; LSD 5% (Salt Doses, Na): 0.497; LSD 5% (Cultivar x Salt Doses, Na): 0.703
LSD 5% (Cultivar, K): 0.028; LSD 5% (Salt Doses, K): 0.044; LSD %5 (Cultivar x Salt Doses, K): 0.063
LSD 5% (Cultivar, Ca): 0.074; LSD 5% (Salt Doses, Ca): 0.117; LSD 5% (Cultivar x Salt Doses, Ca): 0.165

FIGURE 1
Effect of different NaCl doses on Shoot Tolerance Index and Root Tolerance Index in Isabella and Muscat
of Hamburg grape cultivars
TABLE 6
Effect of different NaCl doses on Shoot Tolerance Rate and Root Tolerance Rate in Isabella and Muscat
of Hamburg grape cultivars
NaCl Doses
50 mM
100 mM
150 mM
200 mM
Average

Shoot Tolerance Rate
Isabella
0.61 b
0.57 b
0.28 d
0.27 d
0.43 B

Muscat of Hamburg
0.78 a
0.54 b
0.53 b
0.40 c
0.56 A

Root Tolerance Rate
Average
0.69 A
0.56 B
0.40 C
0.33 D

Isabella
0.81 a
0.61 c
0.10 e
0.04 e
0.39 B

Muscat of Hamburg
0.79 a
0.70 b
0.51 d
0.45 d
0.61 A

Average
0.80 A
0.66 B
0.30 C
0.25 C

LSD 5% (Cultivar, Shoot Tolerance Rate): 0.05; LSD 5 % (Salt Doses, Shoot Tolerance Rate): 0.07; LSD 5 % (Cultivar x
Salt Doses, Shoot Tolerance Rate): 0.09; LSD 5% (Cultivar, Root Tolerance Rate): 0.06; LSD 5% (Salt Doses, Root
Tolerance Rate): 0.06; LSD 5% (Cultivar x Salt Doses, Root Tolerance Rate): 0.08

zone in salt sensitive plants [23]. Probably due to
Isabella variety is sensitive to salt stress, leaf calcium content may also be low.

mM treatment of Isabella cultivar (0.81). Muscat of
Hamburg cultivar (0.79) had quite close root tolerance ratio. The lowest root tolerance ratio was observed in 200 mM NaCl treatment of Isabella cultivar (0.04). Shoot tolerance ratios indicating cultivar
responses to different salt doses were parallel to
root tolerance ratios. Muscat of Hamburg had the
greatest shoot tolerance ratio (0.56) and the value of
Isabella cultivar was identified as 0.48. Shoot tolerance ratios decreased in both cultivars with increasing NaCl concentrations. The greatest shoot tolerance was observed in 50 mM treatment (0.69) and
the lowest value was observed in 200 mM treatment
(0.33). Considering the shoot tolerance ratios of the

Effects of salt stress on root - shoot tolerance ratios and root – shoot tolerance indexes.
The cultivars, treatments and cultivar x treatment
interactions had significant effects on root and
shoot tolerance ratios (P<0.05) (Table 6).
The greatest root tolerance ratio was observed
Muscat of Hamburg cultivar (0.61) and the root
tolerance ratio of Isabella cultivar was identified as
0.39. Considering the root tolerance ratios of the
interactions, the greatest value was observed in 50
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interactions, the greatest value was obtained from
50 mM treatment of Muscat of Hamburg cultivar
(0.78) and the lowest value was obtained from 200
mM treatment of Isabella cultivar (0.27). Considering the root and shoot tolerance indexes of both
cultivars, it was observed that Muscat of Hamburg
cultivar had significantly higher values than Isabella cultivar (P<0.05) (Figure 1).
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[6] Ivanova, K., Anev, S., Tzvetkova, N.,
Georgieva, T., Markovska, Y. (2015) Influence of salt stress on stomatal, biochemical
and morphological factors limiting photosynthetic gas exchange in Paulownia Elongata x
Fortunei. Comptes Rendus De L'Academie
Bulgare Des Sci. 68 (2), 217-224.
[7] Munns, R., Tester, M. (2008) Mechanisms of
salinity tolerance. Annual Review of Plant Biology. 59, 651-681.
[8] Hatami, E., Esna-Ashari, M., Javadi, T. (2010)
Effect of salinity on some gas exchange characteristics of grape (V. vinifera) cultivars. International Journal of Agriculture and Biology. 12(2), 308-310.
[9] Baneh, H.D., Attari, H., Hassani, A., Abdollahi, R. (2013) Salinity effects on the physiological parameters and oxidative enzymatic
activities of four Iranian grapevines (Vitis vinifera L.) cultivar. International Journal of
Agr. and Crop Sci. 5(9), 1022-1027.
[10] Karimi, H., Yusef-Zadeh, H. (2013) The effect
of salinity level on the morphological and
physiological traits of two grape (Vitis vinifera l.) cultivars. Intenational Journal of
Agronomy and Plant Production. 4 (5), 11081117.
[11] Karimi, H., Yusef-Zadeh, H. (2013) The effect
of salinity level on the morphological and
physiological traits of two grape (Vitis vinifera l.) cultivars. Intenational Journal of
Agronomy and Plant Production. 4(5), 11081117.
[12] Eichhorn, K.W., Lorenz, D.H. (1997) Phenological stages of development of the vine.
Pflanzenschutz (Braunschweigh). 29, 119-120
(in German).
[13] Chapman, H.D., Pratt, P.F., Parker, F. (1961)
Methods of analysis for soils. In: Univ. of California, Division of Agricultural Sciences,
Riverside/ USA. 309.
[14] Martinez-Barroso, M.C., Alvarez, C.E. (1997)
Toxicity symptomps and tolerance of strawberry to salinity in the irrigation water. Scientia Horticulturae. 71, 177-188.
[15] Turhan, E., Dardeniz, A., Muftuoglu, N.M.
(2005). Determining the tolerances to salinity
stress of some American grapevine rootstocks.
Journal of Atatürk Central Horticultural Research Institute. 34(2), 11-17 (in Turkish).
[16] LaRosa, P.C., Singh N.K., Hasegawa, P.M.,
Bressan, R.A. (1989) Stable NaCl tolerance of
tobacco cells associated with enhanced accumulation of osmosis. Plant Physiology. 91,
855-861.
[17] Fozouni, M., Abbaspour, N., Baneh, H.D.
(2012) Leaf water potential, photosynthetic
pigment and compatible solutes alterations in
four grape cultivars under salinity. Journal Vitis. 51(4), 147-152.

CONCLUSIONS
It was concluded that Muscat of Hamburg cultivar was more resistant to salinity than Isabella
cultivar. Although Muscat of Hamburg had similar
responses to salinity with Isabella cultivar, growth
and development activities were less influenced at
higher salinity doses and thus had less damages
than Isabella cultivar. Muscat of Hamburg cultivar
also had higher leaf calcium contents than Isabella
cultivar at higher salinity doses. Such a finding
indicated that Muscat of Hamburg cultivar activated
salt-defense mechanisms more efficiently than
Isabella cultivar.
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ZLGHO\ XVHG LQ WKH WUHDWPHQW DQGRU SUHYHQWLRQ RI
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LQWKHWUHDWPHQWRIYDULRXVGLVHDVHVPXVWEHDSODQW
WKDWLVDOUHDG\XVLQJDPRQJWKHSHRSOH,QWKLVFRQ
WH[WWKHJHQXVSaturejaZKLFKLVIUHTXHQWO\XVHGDV
DVSLFHDPRQJWKHSHRSOHVKRXOGEHWDNHQLQWRFRQ
VLGHUDWLRQSatureja/LVFRPPRQO\NQRZQDVDQDU
RPDWLFDQGPHGLFLQDOJHQXVRI/DPLDFHDH7KH/D
PLDFHDHIDPLO\LVNQRZQIRULWVDURPDWLFPHPEHUV
HVSHFLDOO\PLQWDQGEDOPSaturejaLVUHSUHVHQWHGE\
VSHFLHVZKLFKLVDQLPSRUWDQWELRGLYHUVLW\SRLQW
IRUWKH/DPLDFHDHIDPLO\LQ7XUNH\DQGHQGHPLVP
UDWLRLV>@
6SHFLHV EHORQJLQJ WR WKH JHQXV Satureja DUH
ZLGHO\XVHGLQWKHWUHDWPHQWRIGLVHDVHVVXFKDVDQWL
K\SHUOLSLGHPLDDVZHOODVLQWKHWUHDWPHQWRIPXVFOH
SDLQ FUDPSV GLDUUKRHD VWRPDFK SDLQ DQG EORRG
SUHVVXUH HVSHFLDOO\ LQ WUDGLWLRQDO PHGLFLQH >@
7KHUHDUHPDQ\VWXGLHVFRQGXFWHGWRUHYHDOWKHYDUL
RXV HIIHFWV RI Satureja VSHFLHV HVSHFLDOO\ DQWLLQ
IODPPDWRU\DQWLPLFURELDODQWLYLUDODQWLR[LGDQWF\
WRWR[LF LQVHFWLFLGDO DQG JHQRWR[LF HIIHFWV >@
Satureja cilicica/LVDQDURPDWLFDQGHQGHPLFSODQW
$ERYHJURXQG SDUWV KDYH D GLVWLQFWLYH DURPD DQG
FDQEHDGGHGDVDVHDVRQLQJWRVRPHPHDWPHDOVDQG
GDLU\SURGXFWV>@$OWKRXJKWKHHVVHQWLDORLOFRPSR
VLWLRQDQGDQWLR[LGDQWSURSHUWLHVRISatureja cilicica
KDYHEHHQJLYHQLQSUHYLRXVVWXGLHV>@DVIDU
DVZHNQRZWKHUHDUHQRVWXGLHVRQWKHELRORJLFDOHI
IHFWV RI H[WUDFWV SUHSDUHG XVLQJ GLIIHUHQW VROYHQWV
7KLVVWXG\DLPVWRLQYHVWLJDWHWKHDQWLR[LGDQWFDSDF
LWLHV F\WRWR[LF DQG DSRSWRWLF HIIHFWV RI GLIIHUHQW
KHUEDO H[WUDFWV REWDLQHG IURP Satureja cilicica DQ
HQGHPLFVSHFLHVWKDWQDWXUDOO\VSUHDGLQRXUFRXQWU\
DVZHOODVWRFODULI\WKHSKHQROLFFRQWHQWRIWKHH[
WUDFWV
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7KHVSHFLHVEHORQJLQJWRWKH/DPLDFHDHIDPLO\
DUHULFKLQSRO\SKHQROLFFRPSRXQGVDQGDQWLR[LGDQW
DQWLSUROLIHUDWLYH DQWLLQIODPPDWRU\ SURSHUWLHV RI
PDQ\VSHFLHVDUHNQRZQ,QWKLVVWXG\LWZDVDLPHG
WRUHYHDOWKHDQWLR[LGDWLYHF\WRWR[LFDQGDSRSWRVLV
LQGXFLQJ HIIHFWV DV ZHOO DV WKH SKHQROLF FRQWHQW RI
Satureja cilicicaDPHPEHURIWKH/DPLDFHDHIDPLO\
(WKDQROLF DQG DTXHRXV H[WUDFWV ZHUH VFUHHQHG E\
+3/& XVLQJ  SKHQROLF VWDQGDUGV 7KH DQWLR[LGDQW
SRWHQWLDO ZDV LQYHVWLJDWHG ZLWK WKH '33+ WHVW DQG
F\WRWR[LFHIIHFWGHWHUPLQHGYLD077DVVD\%HVLGHV
H[SUHVVLRQ OHYHOV RI  SURDQWLDSRSWRWLF JHQH UH
JLRQV apaf, bax, bcl2, card4DQGcasp3 ZHUHHYDO
XDWHGXVLQJWKH5HDO7LPH3&5WHFKQLTXHWRGHWHU
PLQHWKHHIIHFWVRIH[WUDFWVRQDSRSWRWLFJHQHH[SUHV
VLRQV $V D UHVXOW SURWRFDWHFKXLF FDIIHLF V\ULQJLF
DQG WUDQVSFRXPDULF DFLG UXWLQ WULK\GUDWH DQG
QDULQJHQLQ ZHUH GHWHFWHG LQ GLIIHUHQW DPRXQWV LQ
S.cilicicaH[WUDFWV([WUDFWVZHUHIRXQGWRKDYHDQWL
R[LGDQWSRWHQWLDOVDQGF\WRWR[LFHIIHFWV$FFRUGLQJ
WR 5HDO7LPH 3&5 UHVXOWV H[WUDFWV ZHUH IRXQG WR
KDYHGLIIHUHQWOHYHOVEXWSRVLWLYHHIIHFWVLQWULJJHULQJ
DSRSWRVLV&RQFOXVLRQDOO\WKLVVWXG\RQFHDJDLQUH
YHDOVWKHSRWHQWLDOHIIHFWVRISaturejaVSHFLHVHVSH
FLDOO\ RQH RI WKH HQGHPLF VSHFLHV S.cilicica 7KLV
VWXG\LVDSLRQHHULQJVWXG\IRUIXWXUHJRDOVDQGFRQ
WULEXWHVWKHVWXGLHVLQWKLVILHOG
.(<:25'6
(QGHPLF077/DPLDFHDH3RO\SKHQROV7XUNH\

,1752'8&7,21
3ODQWVDQGSODQWGHULYHGSURGXFWVDUHXVHGDVD
WUDGLWLRQDO WUHDWPHQW IRU PDQ\ KXPDQ GLVHDVHV LQ
YDULRXVSDUWVRIWKHZRUOG7KHJURZLQJLQWHUHVWLQ
WUHDWPHQWVXVLQJKHUEDOUHVRXUFHVWRGD\HPSKDVL]HV
SK\WRWKHUDS\ +HUEDO WUHDWPHQWV DUH FRPPRQ DQG
HFRQRPLFDOGLUHFWLQJPDQ\SHRSOHWRSK\WRWKHUDS\
DV DQ DOWHUQDWLYH WR PRGHUQ PHGLFLQH 3UHSDUDWLRQV
REWDLQHGIURPGLIIHUHQWSDUWVRISODQWV OHDYHVIORZ
HUVVKHOOVRURWKHUSDUWV ZLWKGLIIHUHQWPHWKRGVDUH

0$7(5,$/6$1'0(7+2'6
0DWHULDOFROOHFWLRQDQGH[WUDFWSUHSDUDWLRQ
7KHSODQWPDWHULDOZDVFROOHFWHGIURPQDWXUDOKDEL
WDW DQG WKH YRXFKHU VSHFLPHQ ZDV GHSRVLWHG LQ
.1<$KHUEDULXP7KHSODQWVSHFLPHQZDVFROOHFWHG
DQG LGHQWLILHG E\ 3URI 'U 7XQD 8<6$/ 7KH
FOHDQHGSODQWVDPSOHVZHUHSRZGHUHGZLWKWKHKHOS
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),*85(
+3/&FKURPDWRJUDPVRIVWXGLHGVDPSOHV $DQDO\WLFDOVWDQGDUGV%6&,HW&6&,DT 

RIDPLOODIWHUEHLQJWKRURXJKO\GULHG7KHQJRI
WKHPDWHULDOZDVH[WUDFWHGIRUKRXUVXVLQJHWKD
QRO LQ WKH 6R[KOHW DSSDUDWXV 7KH DTXHRXV H[WUDFW
ZDVSUHSDUHGGLIIHUHQWO\E\WKHPDFHUDWLRQPHWKRG
%RWK H[WUDFWV ZHUH HYDSRUDWHG DW & LQ D URWDU\
HYDSRUDWRU WR UHPRYH WKH VROYHQW ([WUDFWV ZHUH
PDLQWDLQHGDW&XQWLOXVH7KHH[WUDFWVHQFRGHG
DVHWKDQRO6&,HWDQGDTXHRXV6&,DTUHVSHFWLYHO\

+3/&$QDO\VHV$IWHUWKHH[WUDFWLRQSURFHVV
WKHVROYHQWZDVGLVVROYHGLQPHWKDQROPJPOFRQ
FHQWUDWLRQDQGILOWHUHGWKURXJKDȝVWHULOHILOWHU
WKHQWDNHQWR6HOoXN8QLYHUVLW\5HVHDUFKDQG'HYHO
RSPHQW &HQWUH IRU +3/& DQDO\VLV $QDO\VHV ZHUH
FDUULHGRXWYLD6KLPDG]XGHYLFHXVLQJWKH,1(57
6,/ 2'69 XP  [  PP  FROXPQ 7KH
VWXG\ ZDV FDUULHG RXW DW D   & WHPSHUDWXUH 
POPLQIORZUDWHDQGQPZDYHOHQJWK,WZDV
VWXGLHGZLWKOLQMHFWLRQYROXPH,QRXUVWXG\VL[
SKHQROLF VXEVWDQFHV ZHUH VFDQQHG DQG TXDQWLILHG
7KH XVHG VWDQGDUGV DUH SKHQROLF DFLGV SURWRFDWH
FKXLFFDIIHLFV\ULQJLFDQGWUDQVSFRXPDULF IODYR
QRLGV UXWLQWULK\GUDWHDQGQDULQJHQLQ 6WDQGDUGVDUH
SUHSDUHG E\ GLVVROYLQJ LQ +3/& JUDGH PHWKDQRO
7KHWRWDODQDO\VLVWLPHLVDSSUR[LPDWHO\PLQXWHV

$QWLR[LGDQWDVVD\'33+DQDO\VLVZDVFDUULHG
RXWDFFRUGLQJWR&KXPHWKRGEXWZLWKVRPHPRGLIL
FDWLRQV >@ '33+ VROXWLRQ ZDV VROYHG LQ HWKDQRO
IRUPLQXWHVDQGWKHDEVRUSWLRQRIWKHVROXWLRQZDV

DGMXVWHG WR  DWQP 7KHQ  PLFUR
OLWHUV RI FRQWURO DQG VDPSOHV ZHUH PL[HG ZLWK 
PLFUROLWHUVRI'33+VROXWLRQDQGLQFXEDWHGDWURRP
WHPSHUDWXUHDQGLQWKHGDUNIRUKDOIDQKRXU$EVRUE
DQFHZDVPHDVXUHGDWQPDQGUDGLFDOVFDYHQJLQJ
DFWLYLW\ZDVFDOFXODWHGDQGH[SUHVVHGDVDSHUFHQW
DJHXVLQJWKHIRUPXODEHORZ
'33+56DFWLYLW\   >í $VDPSOH%FRQ
WURO @î

077 DVVD\ ([WUDFWV SUHSDUHG ZLWK YDULRXV
FRQFHQWUDWLRQV PJPO DQGWKHH[WUDFWDS
SOLHGFHOOVLQFXEDWHGIRUWZRWLPHLQWHUYDOV K 
7KHKXPDQFRORUHFWDOFHOOOLQH'/'ZDVDFTXLUHG
IURPWKH$7&&ZDVXVHGIRUF\WRWR[LFLW\DQG5HDO
7LPH3&5VWXGLHV&HOOVZHUHURXWLQHO\FXOWXUHGLQ
530,PHGLXPFRQWDLQLQJ YY SHQLFLOOLQ
VWUHSWRP\FLQ DQG   YY  KHDWLQDFWLYDWHG IHWDO
ERYLQH VHUXP )%6  DQG ZHUH JURZQ XQGHU FRQGL
WLRQVDW&2DQG&&HOOSUROLIHUDWLRQH[SHU
LPHQWVZHUHSHUIRUPHGYLD077DVVD\7KHSUHSDUHG
077 PJPO VROXWLRQZDVDGGHGWRHDFKRIZHOO
RIWKHSODWH9LDEOHWXPRXUFHOOVZHUHFRXQWHGWKDQNV
WRWKHLUDELOLW\WRUHGXFH\HOORZG\H 077 WRDEOXH
IRUPD]DQSURGXFW>@$IWHUIRXUKRXUVWKHIRUPD
]DQ SURGXFW RI WKH 077 UHGXFWLRQ ZDV GLVVROYHG
ZLWK '062LVRSURSDQRO DQG WKH RSWLFDO GHQVLW\ RI
WKHSODWHVZDVPHDVXUHGDWQP(DFKH[SHULPHQW
ZDVSHUIRUPHGLQWKUHHUHSOLFDWHVDWOHDVWWKUHHZHOOV
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),*85(
YLDELOLW\JUDSKVRIS. cilicicaH[WUDFWVDFFRUGLQJWR077DVVD\

7$%/(
7KHSKHQROLFFRQWHQWRIS. cilicica H[WUDFWVYLD+3/&
6&,HW
6&,DT
3KHQROLFFRPSRXQGV
PJ/


3URWRFDWHFKXLF$FLG


&DIIHLF$FLG


6\ULQJLF$FLG


5XWLQ7ULK\GUDWH


7UDQVS&RXPDULF$FLG


1DULQJHQLQ

LQWKHSODWH)RUHDFKH[WUDFWWHVWHGWKH,& FDOFX
UXWLQWULK\GUDWHDQGQDULQJHQLQ 7KHSKHQROLFFRP
ODWHGIURPWKHGRVHUHVSRQVHFXUYHV
SRQHQWVFRQWDLQHGLQWKHH[WUDFWPD\YDU\GHSHQGLQJ
RQWKHH[WUDFWLRQPHWKRGDQGWKHVROYHQWXVHG$F

51$LVRODWLRQDQG573&57RWDO51$LVR
FRUGLQJ WR +3/& UHVXOWV WKH HWKDQROLF H[WUDFW KDG
ODWLRQZDVFDUULHGRXWYLDWKH$[\JHQ51$LVRODWLRQ
UXWLQWULK\GUDWHDQGQDULQJHQLQZKLOHDTXHRXVH[WUDFW
NLW DFFRUGLQJ WR WKH PDQXIDFWXUHU V UHFRPPHQGD
KDG SURWRFDWHFKXLF FDIIHLF V\ULQJLF DQG WUDQVS
WLRQVDQGWKHFRQFHQWUDWLRQDQGTXDOLW\RIWKHWRWDO
FRXPDULF DFLG UHVSHFWLYHO\ &KURPDWRJUDPV RI H[
51$ VDPSOHV ZHUH HVWLPDWHG E\ 1DQRGURS 
WUDFWVDQGDQDO\WLFDOVWDQGDUGVDUHJLYHQLQ)LJXUH
51$ZDVDOLTXRWHGLQWRVPDOOYROXPHVDQGNHSWDW
,QWKHHWKDQROLFH[WUDFWUXWLQWULK\GUDWH 
í& IRU IXUWKHU DQDO\VLV  PLFURJUDPV WRWDO
PJ/ ZDVIRXQGWRKDYHWKHKLJKHVWFRQFHQ
51$ZDVFRQYHUWHGLQWRF'1$YLDWKH)LUVWVWUDQG
WUDWLRQ IROORZHG E\ QDULQJHQLQ DW D ORZHU DPRXQW
F'1$ V\QWKHVLV NLW 7KH JHQH H[SUHVVLRQ H[SHUL
   PJ/  ,Q WKH DTXHRXV H[WUDFW RWKHU
PHQWV ZHUH SHUIRUPHG ZLWK UHDOWLPH SRO\PHUDVH
FRPSRXQGVVXFKDVSURWRFDWHFKXLFFDIIHLFV\ULQJLF
FKDLQUHDFWLRQUHDFWLRQV 573&5 LQDILQDOYROXPH
DQGWUDQVSFRXPDULFDFLGZHUHDOVRGHWHFWHGLQVHQ
RIOPL[ZKLFKFRQWDLQVO6<%5JUHHQPDVWHU
VLEOHDPRXQW 
PL[ %LR5DG   O SULPHU DQG  O G+2  O
DQGPJ/UHVSHFWLYHO\ 7DEOHGHPRQ
F'1$7KH%DFWLQJHQHZDVXVHGDVDKRXVHNHHS
VWUDWHV WKH ELRDFWLYH SRO\SKHQROLF FRPSRXQGV SUH
LQJ JHQH 7KH P51$ H[SUHVVLRQ OHYHOV RI ȕDFWLQ
VHQWLQERWKH[WUDFWVRIS. cilicica.
DQG VWXGLHG DSRSWRWLF JHQH UHJLRQV ZHUH PHDVXUHG
YLD573&57KHGDWDREWDLQHGZHUHDQDO\VHGE\WKH
'33+ 5HVXOWV '33+ WHVW ZKLFK LV ZLGHO\
FRPSDUDWLYH&7PHWKRGDQGWKHIROGFKDQJHZDVFDO
XVHGWRGHWHUPLQHDQWLR[LGDQWFDSDFLWLHVRIH[WUDFWV
FXODWHGZLWKíǻǻ&7
ZDVSUHIHUUHG$VFRUELFDFLGZDVXVHGDVDSRVLWLYH
FRQWURO $OWKRXJK WKH SKHQROLF FRQWHQWV RI WKH H[

WUDFWVGLIIHUHGUDGLFDOVFDYHQJLQJHIIHFWVZHUHIRXQG

WREHFORVHWRHDFKRWKHU,&YDOXHVRIH[WUDFWVZHUH
5(68/76
FDOFXODWHGIRUWKH'33+WHVWJPOIRU

HWKDQROLFH[WUDFWDQGJPOIRUDTXHRXV
+3/&5HVXOWV,Q+3/&DQDO\VLVHDFKH[WUDFW
H[WUDFW $OWKRXJK SKHQROLF VXEVWDQFHV SOD\ DQ LP
ZDVVFUHHQHGZLWKSKHQROLFVWDQGDUGV SURWRFDWH
SRUWDQWUROHLQWKHDQWLR[LGDQWHIIHFWRIDSODQWWKH\
FKXLF FDIIHLF V\ULQJLF DQG WUDQVSFRXPDULF DFLG
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DUHQRWUHVSRQVLEOHIRUWKLVHIIHFWDORQH7KHUHPD\
EHPDQ\V\QHUJLVWLFDQGRUDQWDJRQLVWLFFRPSRQHQWV
UHVSRQVLEOHIRUWKLVHIIHFW7KH'33+DVVD\UHVXOWV
DUHVKRZQLQ7DEOH

077 5HVXOWV &\WRWR[LF HIIHFWV RI H[WUDFWV
ZHUHVWXGLHGRQ'/'KXPDQFRORUHFWDODGHQRFDU
FLQRPDFHOOOLQH7KHF\WRWR[LFSRWHQWLDOZDVLQYHV
WLJDWHGE\077WHVW7KHF\WRWR[LFHIIHFWVRIWKHH[
WUDFWVDWGLIIHUHQWGRVHV PJPO DQGWLPH
LQWHUYDOV K ZHUHHYDOXDWHG7KHGDWDREWDLQHG
IURP WKH 077 WHVW ZHUH FRPSDUHG WR WKH FRQWURO
JURXSDQGWKHYLDELOLW\UDWHVZHUHGHWHUPLQHG$V
DUHVXOWRIWKHDQDO\VLVSHUIRUPHGLQUHSOLFDWHV
YLDELOLW\GRVHJUDSKVZHUHFUHDWHGXVLQJPHDQYDO
XHV )LJXUH $FFRUGLQJWRWKHUHVXOWVREWDLQHGLW
ZDVGHWHUPLQHGWKDWWKHH[WUDFWVH[KLELWHGGRVHDQG
WLPHGHSHQGHQW F\WRWR[LF HIIHFW RQ '/' FHOO OLQH
DQG WKH HWKDQROLF H[WUDFW ZDV PRUH HIIHFWLYH WKDQ
DTXHRXV H[WUDFW 7KH ,& GRVHV RI WKH H[WUDFWV DUH
JLYHQLQ7DEOH

5HDO7LPH3&55HVXOWV$SRSWRVLVLVDIRUP
RI FHOO GHDWKDQG LW LV GHVLUDEOH IRUKHUEDOH[WUDFWV

XVHG LQ FDQFHU WUHDWPHQW WR SHUIRUP FHOO GHDWK
WKURXJKDSRSWRVLV,QWKLVFRQWH[WZHHYDOXDWHGWKH
H[SUHVVLRQRIDSRSWRWLFJHQHUHJLRQVE\5HDOWLPH
3&5WRGHWHUPLQHKRZWKHH[WUDFWVZHKDYHDSSOLHG
FDXVHGFHOOGHDWK
:KHQZHHYDOXDWHWKH573&5UHVXOWVZHFDQ
FOHDUO\VD\WKDWERWKH[WUDFWVWULJJHUHGWKHDSRSWRWLF
FHOOGHDWK7KHApafJHQHUHJLRQLVDWXPRXUVXSSUHV
VRUJHQHUHJLRQDQGDQLQFUHDVHFRPSDUHGWRFRQWURO
PD\EHDQHDUO\VLJQRIDSRSWRVLV:KHQZHHYDOX
DWHGApafJHQHH[SUHVVLRQ6&,HWZDVIRXQGWRFDXVH
DQG6&,DTIROGLQFUHDVHFRPSDUHGWRFRQWURO
%HVLGHVLWLVSUHIHUDEOHLQWKHLQWULQVLFSDWKZD\WKDW
SODQW H[WUDFWV DQG DFWLYH SK\WRFKHPLFDOV REWDLQHG
IURPSODQWVLQGXFHDSRSWRVLVE\LQFUHDVLQJBaxH[
SUHVVLRQDQGUHGXFLQJBcl-2H[SUHVVLRQ7KHUHVXOWV
REWDLQHGIURPRXUVWXG\VKRZHGWKDWWKHH[WUDFWVDS
SOLHGFKDQJHGWKHBax / Bcl-2EDODQFHLQWKHGLUHFWLRQ
RIBax6&,HWZDVIRXQGWRLQFUHDVHWKHBax / Bcl2
UDWLRIROGDQGWKH6&,DTIROG:KHQWKHRWKHU
DSRSWRWLFJHQHUHJLRQVCARD4 DQGcasp3ZHUHHYDO
XDWHGERWKH[WUDFWVZHUHIRXQGWRLQFUHDVHJHQHH[
SUHVVLRQ


ϭϮϬ

Z>d/syWZ^^/KE

ϭϬϬ
ϴϬ
ŽŶƚƌŽů

ϲϬ

^/Ğƚ
ϰϬ

^/ĂƋ

ϮϬ
Ϭ
W&

yͬ>Ϯ

Zϰ

^Wϯ

^dh/'EZ'/KE^


),*85(
5HODWLYHH[SUHVVLRQIROGSORWVRIJHQHUHJLRQVH[DPLQHGDFFRUGLQJWR5HDO7LPH3&5UHVXOWV

7$%/(
'33+UDGLFDOVFDYHQJLQJDFWLYLW\RIS. cilicica H[WUDFWV

'33+,& JPO 

$VFRUELFDFLG

6&,(7

6&,$4

7$%/(
7KH,&GRVHVRIS. cilicicaH[WUDFWVRQ'/'FHOOOLQH

,&K PJPO 
,&K PJPO 


6&,HW


6&,DT
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*HQH H[SUHVVLRQV LQFUHDVHG IRU CARD4 DQG
casp3DQGWLPHVLQ6&,HWH[WUDFWDSSOLFDWLRQ
DQGDQGWLPHVLQ6&,DTH[WUDFWDSSOLFDWLRQ
UHVSHFWLYHO\
:KHQZHORRNDWWKHUHVXOWVREWDLQHGLWFDQEH
FOHDUO\ VWDWHG WKDW ERWK H[WUDFWV KDYH YDULDEOH EXW
SRVLWLYHHIIHFWVRQDSRSWRWLFJHQHUHJLRQV7KHUHOD
WLYHH[SUHVVLRQJUDSKVRIVWXGLHGJHQHUHJLRQVZHUH
JLYHQLQ)LJXUH


',6&866,21

3ODQWVKDYHKLVWRULFDOO\SURYHQWKHLUYDOXHDVD
ULFKVRXUFHRIPROHFXOHVZLWKWKHUDSHXWLFSRWHQWLDO
DQGPDQ\PDMRUFXUUHQWGUXJVDUHQDWXUDOSURGXFWV
GHULYHGFRPSRXQGV>@$PRQJWKHYDULRXVSURSHU
WLHVRISODQWVDQGSODQWGHULYHGFRPSRXQGVELRORJL
FDODFWLYLW\SOD\VDFUXFLDOUROHDVLWVXJJHVWVWKHXVH
RI WKH FRPSRXQGV LQ SKDUPDFHXWLFDO DSSOLFDWLRQV
>@ 3RO\SKHQROLF FRPSRQHQWV WKDW DUH EHQHILFLDO
IRUKHDOWKDQGIRXQGLQKHUEDOIRRGVDUHYHU\GLYHUVH
>@,QWKLVVWXG\ZHLGHQWLILHGVL[SKHQROLFFRP
SRXQGVLQWKHFRQWHQWRIWKHH[WUDFWV9DULRXVHIIHFWV
RIWKHVHSKHQROLFFRPSRXQGVKDYHEHHQUHSRUWHGLQ
SUHYLRXV VWXGLHV )LUVWO\ LW KDV EHHQ UHSRUWHG WKDW
URXWLQHZKLFKKDVWKHKLJKHVWDPRXQWRIFRQWHQWKDV
EHQHILFLDOSURWHFWLYHHIIHFWVDJDLQVWYDULRXVGUXJLQ
GXFHGWR[LFLWLHVDQGPHPRU\GHILFLWV>@7KHVH
SURWHFWLYHHIIHFWVRIURXWLQHDUHDVVRFLDWHGZLWKGHHS
DQWLR[LGDQWDQGDQWLFDQFHUSURSHUWLHV>@$QRWKHU
SKHQROLFFRPSRXQGQDULQJHQLQLVDIODYRQRLGIRXQG
LQYDULRXVIUXLWVYHJHWDEOHVDQGSODQWVDQGKDVEHHQ
UHSRUWHGWREHSKDUPDFRORJLFDOO\EHQHILFLDOZLWKDQ
DQWLFDQFHU DQWLLQIODPPDWRU\ DQWLR[LGDQW DQWL
PXWDJHQLFDQGKHSDWRSURWHFWLYHHIIHFWV>@7KHUH
DUHPDQ\VWXGLHVRQWKHSRVLWLYHHIIHFWVRIRWKHUSKH
QROLF VXEVWDQFHV SURWRFDWHFKXLF FDIIHLF V\ULQJLF
DQGWUDQVSFRXPDULFDFLG LGHQWLILHGLQWKHFRQWHQW
>@,QWKLVVWXG\LWZDVIRXQGWKDWGLIIHUHQWS.cilicica H[WUDFWV FRQWDLQ KLJK DPRXQWV RI URXWLQH
QDULQJHQLQDQGSURWRFDWHFKXLFDFLG,QWKLVFRQWH[W
ZHFDQUHODWHWKHDQWLR[LGDQWF\WRWR[LFDQGDSRSWR
VLVLQGXFLQJHIIHFWH[KLELWHGE\WKHH[WUDFWWRRQHRU
PRUHRIWKHVHSKHQROLFVZLWKWKHV\QHUJLVWLFDQGRU
DQWDJRQLVWLFHIIHFW%HVLGHVDOWKRXJKWKHSKHQROLFV
SUHVHQWLQS.cilicicaKDYHEHHQUHSRUWHGEHIRUH>@
WKHSUHVHQFHRISURWRFDWHFKXLFDFLGDQGV\ULQJLFDFLG
ZDVILUVWO\GHWHFWHGLQWKLVVWXG\
$OWKRXJKWKHUHDUHPDQ\VWXGLHVRQWKHYDULRXV
ELRORJLFDO DQG SK\WRFKHPLFDO SURSHUWLHV RI WKH
SaturejaJHQXV>@IRUS. cilicicaVSHFLHVWKHVWXG
LHV DUH JHQHUDOO\ FRQFHQWUDWHG RQ WKH HVVHQWLDO RLO
7KH F\WRWR[LFLW\ DQWLR[LGDQW DFWLYLW\ DQG FKHPLFDO
FRPSRVLWLRQRIS. cilicicaHVVHQWLDORLOZHUHVWXGLHG
DQGDWWKHHQGRIWKHVWXG\LWZDVUHSRUWHGWRKDYHD
ORZ F\WRWR[LF HIIHFW RQ WKH 0&) FHOO OLQH FRP
SDUHGWRWKHGR[RUXELFLQRIHVVHQWLDORLO>@,QRQH
DQRWKHUVWXG\WKHFKHPLFDOFRPSRVLWLRQDQGDQWLR[
LGDQWSRWHQWLDORIVL[/DPLDFHDHPHPEHUVHVVHQWLDO

RLOVZHUHVWXGLHGLQFOXGLQJ6cilicicaDQGLWZDVUH
SRUWHGWKHUDGLFDOVFDYHQJLQJDFWLYLW\JPO
IRU6cilicicaDFFRUGLQJWRWKH'33+WHVW>@2XU
DQDO\VHV VKRZ WKDW WZR GLIIHUHQW VDYRU\ H[WUDFWV
HWKDQRODQGDTXHRXV H[KLELWHGF\WRWR[LFDFWLYLW\RQ
FRORUHFWDOFDQFHUFHOOV,QDGGLWLRQWRWKHIDFWWKDWD
SODQWH[WUDFWSHUIRUPVFHOOGHDWKWKHW\SHRIWKLVFHOO
GHDWK DSRSWRVLVRUQHFURVLV LVDOVRLPSRUWDQW$O
WHUQDWLYHO\KHUEDOSUHSDUDWLRQVZLWKWKHSRWHQWLDOWR
EH XVHG DUH GHVLUHGH[SHFWHG WR SHUIRUP FHOO GHDWK
YLDDSRSWRVLV,QWKLVVWXG\VDYRU\H[WUDFWVQRWRQO\
VKRZWKHF\WRWR[LFHIIHFWEXWDOVRWULJJHUHGDSRSWRWLF
FHOOGHDWKRQ'/'FHOOV7KHLUUHJXODULW\RIWKHPL
WRFKRQGULDOSDWKZD\LQDSRSWRVLVLVRQHRIWKHPRVW
LPSRUWDQW HYHQWV WKDW RFFXU GXULQJ FDUFLQRJHQHVLV
7KH %FO SURWHLQ IDPLO\ LQFOXGLQJ DQWLDSRSWRWLF
DQGSURDSRSWRWLFPHPEHUVSOD\VDQLPSRUWDQWUROH
LQUHJXODWLQJWKLVSDWKZD\$FFRUGLQJWRRXUUHVXOWV
WKHH[WUDFWVDSSOLHGVKRZHGYDULDEOHEXWSRVLWLYHHI
IHFWVLQDSRSWRWLFJHQHH[SUHVVLRQV$OWKRXJKWKHUH
LVQRVWXG\RQWKHDSRSWRWLFJHQHH[SUHVVLRQVRIS.
cilicicaH[WUDFWVWKHUHDUHVLPLODUVWXGLHVZLWKGLIIHU
HQW Satureja VSHFLHV 7KH SRVLWLYH HIIHFWV RI S.
khuzestanicaRQWKH%D[%FOUDWLRDQGFDVSJHQH
H[SUHVVLRQKDYHEHHQUHSRUWHGSUHYLRXVO\>@
&RQFOXVLRQDOO\ ZLWK WKHLU FKHPLFDO FRPSRVL
WLRQDQGELRORJLFDOSURSHUWLHVWKHNQRZOHGJHRIZLOG
DQGHQGHPLFSODQWVSHFLHVFDQEHRIJUHDWYDOXHWR
EHWWHUXQGHUVWDQGDQGXVHWKHPLQPRUHGLYHUVHDU
HDV$VIDUDVZHNQRZWKLVDUWLFOHLVWKHILUVWUHSRUW
RQ WKH SRVLWLYH HIIHFWV RI WZR GLIIHUHQW VDYRU\ H[
WUDFWV IURP DQ HQGHPLF VSHFLHV DJDLQVW FRORUHFWDO
FDQFHUFHOOV7KLVVWXG\VKRZVWKHSRVLWLYHHIIHFWVRI
DVSHFLHVWKDWLVHQGHPLFWRRXUFRXQWU\HVSHFLDOO\RQ
DQWLSURDSRSWRWLFJHQHVDQGLWLVLPSRUWDQWIRUFRP
SUHKHQVLYHVWXGLHVLQWKHIXWXUH2QWKHRWKHUKDQG
WKHILUVWLGHQWLILFDWLRQRISURWRFDWHFKXLFDFLGDQGV\
ULQJLF DFLG LQ S.cilicica H[WUDFW LV D YHU\ LPSRUWDQW
ILQGLQJVFRQVLGHULQJWKHHIIHFWVRIWKHVHSKHQROLFVRQ
KXPDQKHDOWK


$&.12:/('*(0(17

:HDOVRWKDQN6HOoXN8QLYHUVLW\.RQ\D7XU
NH\IRUWKHLUVXSSRUWLQWKLVFROODERUDWLYHUHVHDUFK
7KLVZRUNZDVVXSSRUWHGE\WKH6FLHQWLILF,QYHVWLJD
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interaction between human society and the surrounding environment, leading to increasingly prominent
problems in urban flood control, water supply, water
resource shortage, sustainability, and ecological protection of the water environment [3, 4]. The accelerating urbanization process has changed the natural
surface pattern, and a large number of permeable surfaces have been replaced by buildings, roads, parking lots, and other impermeable surfaces, forming a
new type of underlying surface [5, 6]. The increase
of impermeable area in urban areas has changed the
process of the urban hydrological cycle [7, 8], resulting in increased runoff [9, 10], accelerating the arrival of runoff flood peak [11, 12], which increases the
risk of rainstorm and flood in the city [13, 14]. Simultaneously, these changes also reduce infiltration
[15] and increase runoff [16, 17]. The increased runoff resulted in intensified river banks' erosion and
channels [18, 19].
Similarly, stormwater runoff pollution is also a
growing problem [20]. The acceleration of urbanization increases the population density in the same region, and the surface pollution load massively increases due to human activities [21]. After the initial
rainwater [22] flows into the nearby river, causing
severe non-point source pollution [23]. There are
many types and complex components of pollutants
in stormwater runoff that have become a significant
cause of deterioration of water quality in urban rivers
and degradation of river ecosystems [24, 25]. The
United States Environmental Protection Agency
(USEPA) ranks urban stormwater runoff as the thirdlargest source of river and lake pollution in the
United States (accounting for more than 18%) and
believes that 40-80% of BOD and COD in urban water are from urban rainfall runoff pollution [26]. One
of the fundamental causes of water pollution in many
cities is rainwater runoff caused by non-point source
pollution [27]. For example, Queensland, Australia
[24], California, USA [22], Cheongju, Korea [28],
Laos Vientiane [29], England Devon [30], and other
countries have suffered heavy rainfall runoff pollution in recent years. Meanwhile, the water environmental quality problems caused by non-point source
pollution in China have become equivalent to point
source pollution [31].

ABSTRACT
The problems of flooding and pollution caused
by urban stormwater runoff have become increasingly prominent in recent years. It is widely generally accepted that the expansion of urban construction land area (UCLA) and the increase in impervious rate (IR) have an impact on ecological problems,
but the extent of the impact is sufficiently unclear.
Consequently, based on the hydrological, hydrodynamic, water quality, pollutant build-up, and washoff models in the storm water management model
(SWMM), this paper theoretically explored the
mechanism and extent of the influence of different
UCLA and IR on the urban stormwater runoff and
pollution. The results show that the variation of
stormwater runoff and pollution is closely related to
UCLA and IR. In the case of the inevitable increase
of UCLA, it is essential to improve the permeability.
There is a critical value of the influence of UCLA on
stormwater runoff and IR on stormwater runoff pollution. The critical value is not a fixed value but
changes with the rainfall intensity changing. Rainfall
intensity plays an essential role in the process of urban stormwater runoff and pollution process.
KEYWORDS:
Urban construction land area, Impervious rate, SWMM,
Urban runoff, Pollution, Event mean concentration

INTRODUCTION
With the rapid development of the economy
and society, the process of urbanization is mostly accelerating. According to the United Nations world
urbanization prospects: the 2018 revision, as of April
24, 2017, 55% of the world's population lives in an
urban zone [1]. Due to the development of the natural river basin, the destruction of vegetation, and the
change of land use, the increase of urban impermeability becomes an inevitable problem in urbanization
[2]. The continuous urbanization also intensifies the
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FIGURE 1
(a)-(b) The study area in Changan town, Dongguan City, Guangdong Province, China, (c) Three-dimensional remote sensing image view of Changan town
Under the circumstances, an effective storm
runoff management method is essential to cope with
the challenges of urbanization [32]. Hydrological
models have been used in many studies assessing the
impact of stormwater runoff and pollution and
stormwater management activities [33, 34], such as
models based on fully distributed processes, physicsbased semi-distributed models, and collective conceptual models. Among the available models, the
storm water management model (SWMM) developed by the USEPA [35, 36] is one of the most
widely used and popular numerical models for managing stormwater runoff and pollution [37, 38].
SWMM is a dynamic/physics-based hydrological
and hydraulic model used to simulate the quantity
and quality of runoff during discrete events and continuous periods [39].
Due to the uneven distribution of population,
land area, impermeable surface, building density,
green space in the urban zone [40], the urban area
can divide into different functional areas, including
residential zone (REZ), industrial zone (INZ), business zone (BUZ), traffic zone (TRZ) and Greenspace
zone (GSZ), etc. The expansion of UCLA and the increase of IR have an impact on the urban ecological
environment, but the extent and depth of the impact
are still wholly unclear. Therefore, this paper theoretically discusses the mechanism and extent of the
influence of different UCLA and IR on the urban
stormwater runoff and pollution to provide a deci-

sion basis for improving IR to more effectively control urban waterlogging and runoff pollution. Taking
Changan town of Dongguan city as an example, we
simulate the influence of UCLA and IR on the stormwater runoff and pollution by using the hydrological,
hydrodynamic, water quality, Pollutant build-up, and
wash-off model in SWMM. At the same time, we
discuss the influence of rainfall intensity and the limitations of this paper. In this study, the absorption,
infiltration, and mitigation of rainwater from the
source can be achieved by improving urban land permeability to alleviate urban waterlogging, reduce total urban runoff and pollution, and achieve the purpose of protecting and improving the urban ecological environment.
MATERIALS AND METHODS
Study area. Changan town locates in the southwest of Dongguan, Guangdong province, China
(Figure 1). It locates in latitude 22° 32'-23° 09'N and
longitude 113° 46'-114° 06'E, with a total area of
83.4 km2. The average annual rainfall in Changan is
1750.4 mm. The annual average temperature is
22.1 ႏ; The annual average wind speed is 2.1 m/s.
Mountains and hills are mostly distributed in the
north, with an area of 13.94 km2, accounting for 16.6%
of the total area. Dongguan is one of the fastestgrowing cities in China, and Changan is the fastestgrowing Dongguan area.

3351

© by PSP

Volume 30– No. 04/2021 pages 3350-3364

Fresenius Environmental Bulletin

Land area (km2)

25

2014
2030

20
15
10
5
0

INZ

REZ

TRZ

BUZ

GSZ

FIGURE 2
Changan town urban construction land area. INZ: industrial zone; REZ: residential zone; TRZ: traffic
zone; BUZ: business zone; GSZ: green space zone

Parameter
Slope
N-Imperv
N-Perv
Dstore-Imperv
Dstore-Perv
Zero-Imperv
MaxRate
MinRate
Decav
Drying time
Roughness

TABLE 1
The parameter section of the SWMM model
unit
%
—
—
mm
mm
%
mm/h
mm/h
1/h
days
—

Figure 2 shows the UCLA of Changan from
2014 to 2030. Among the UCLA of Changan in 2014,
the industrial zone was the most, and the green space
zone was the least, accounting for a difference of
42.2%. With the continuous advancement of urbanization and the continuous increase of population, the
land used for urbanization will increase by 11.29 km2
in 2030, so the land used for urbanization will account for 76.28% of the total area of Changan. The
proportion of industrial zone has dropped sharply, by
24.44%, and residential areas will be larger than industrial areas. In addition to the decline in the proportion of industrial areas, other areas' area has increased. The green space zone accounted for the
most substantial increase, with an increase of 7.35%.
It seems that the land use type of Changan will have
a significant change, and the study area can reflect
urbanization expansion.

This value
0.5
0.011
0.24
2.5
5
25
78.1
3.3
3.35
10
0.01

of the pipeline on the official website without interruption. The governing equation of the moving wave
simulation pipeline is as follows.

wA wQ

wt wx

qL

S0 =S f
Q

A 32 12
R S0
n

(1)
(2)
(3)

Where Q (m3/s) is section flow rate; A (m2) is
the section area of flowing water;

qL

(m3/s) is the

single width flow of a grid unit or channel; n is
manning roughness coefficient; S0 is the surface
slope of the grid unit or the longitudinal slope of the
river; S f is the friction slope.
The values of hydrodynamic model parameters
(Table 1) mainly refer to the parameter ranges of the
SWMM user manual [35], and Shenzhen, which is
close to Changan, is selected as the reference area
[41].

Hydrologic model. The movement of water
flow in the pipeline is simulated by the kinematic
wave, which uses the momentum conservation equation to calculate the water flow data of each section
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(mm/h) is the runoff over the sub-catchment area; B
(kg) is the total build-up mass of pollutants.
TSS, COD, TN, and TP accounted for the majority of pollutants at Changan. According to the
SWMM model application manual [35, 43] and relevant domestic and foreign studies [41, 44], the values of max.build-up (C1), rate constant (C2), coefficient (C3), exponent (C4) shown in Table 2 and Table
3. This paper does not study a specific type of pollutants but takes the average values of C1, C2, C3, and
C4 in different functional areas, with values of 15.1,
0.4, 1.32, and 0.92, respectively. According to the actual situation of Changan, the days of pollutant accumulation are ten days, and the cleaning model is
adopted once a day, with a surface accumulation removal rate of 70% [45, 46].

Pollutant build-up and wash-off model.
Build-up and wash-off are the main processes of urban surface runoff pollutants. The build-up of pollutants expresses the cumulative mass per unit area.
This paper adopts the exponential function [42]. The
build-up of pollutants followed the exponential
growth curve and gradually reached the maximum
value.

B=C1 (1-e-C2 t )

(4)
Where B (kg) is the build-up amount of pollutants; T
(s) is time; C1 (kg/m) is the max.build-up; C2 (1/d) is
the rate constant.
The pollutant wash-off adopts the index scour.

W=C3q C4 B

(5)
Where W (kg/h) is the wash-off load; C3 is the
wash-off coefficient; C4 is the wash-off exponent; q
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FIGURE 3
Simulated rainfall events with different recurrence intervals

FIGURE 4
Summarisation of the SWMM model
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TABLE 2
Model parameters of surface pollutant accumulation
Parameter
TSS
COD
TN
Max.Build-up
Rate Constant
Max.Build-up
Rate Constant
Max.Build-up
Rate Constant
Max.Build-up
Rate Constant
Max.Build-up
Rate Constant

Parameter
Coefficient
Exponent
Coefficient
Exponent
Coefficient
Exponent
Coefficient
Exponent
Coefficient
Exponent

24.613
0.4
13.495
0.4
30.18
0.4
29.78
0.4
16.268
0.4

TABLE 3
Model parameters of erosion
TSS
COD
0.94
0.4153
0.3753
0.5234
0.0023
2.6395
1.8423
0.102
0.057
1.7989
1.0058
0.1769
0.5063
2.2098
0.5
0.11
0.006
0.015
1.2
1.2

Design storms. When we employ SWMM to
simulate rainfall, the input rainfall data can be measured or calculated. This paper employs the calculation value of the latest rainstorm intensity formula of
the Dongguan municipal administration bureau. The
formula is as follows.

q

Case 2
Case 3

0.78
0.4
0.045
0.4
0.019
0.4
0.183
0.4
1.284
0.4

TN
0.5533
0.5
0.035
0.002
0.002
1.7
1.695
0.3
0.007
1.2

0.3
0.4
0.3
0.4
0.3
0.4
0.3
0.4
0.3
0.4

TP
0.01
1.6
0.01
1.6
0.01
1.6
0.01
1.6
0.006
1.2

[47]. It introduces the typical pattern and peak intensity position of the rainfall intensity process into the
rainfall intensity formula to obtain the average comprehensive rainfall intensity, rainfall intensity in the
most influential period, and instantaneous rainfall intensity.
We adopt the KC method generating rainfall
time series data. The duration of the rainstorm is 180
minutes, and the time step is 1 minute. Research
shows that most of the peak rainfall of an individual
rainfall event occurs in a third of the whole rainfall
duration, and the rainfall intensity is from small to
large and then small [48]. Therefore, the peak rainfall coefficient of 0.4 in the KC method to obtain the
rainfall events with a design recurrence interval of P
= 1-year (Figure 3 (a)).

3717.342 u (1  0.503lg P )
(t  14.533)0.729

(6)
Where q (L/(s·ha)) is the average rainfall intensity in t time; p (year) is the return period; t (min) is
the duration of rainfall.
There are many methods of rainfall design,
such as the KC method, Huff method, etc. The conventional method is the Keifei and chu (Chicago synthetic rainstorm process line method, KC method)

Case 1

5.715
0.4
1.454
0.4
3.71
0.4
11.433
0.4
0.187
0.4

TP

TABLE 4
Urban construction land area (UCLA) and impervious rate (IR) in three cases
level
level
level 4
level 5
level 6
level 7
Control group level 1
2
3
UCLA/IR200
200/3 200/4
200/20
200/50
200/60
200/70
200/80
/10
0
0
1000/ 1500/
500/10
2000/10 2500/10 3000/10 3500/10
10
10
1000/ 1500/
500/20
2000/50 2500/60 3000/70 3500/80
30
40
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Design scenarios. This study will research the
base scenario and rainfall intensity scenario. Base
scenario: the UCLA at Changan ranges from 200 to
4000 ha, and the change range of IR is from 10 to
90%. According to the change range of area and permeability, the working conditions are shown in Table
4. According to the design cases, we establish the
SWMM model shown in Figure 4, including nine
sub-catchments, nine nodes, nine pipelines, and one
discharge outlet. The surface runoff of each subcatchment area is discharged into the corresponding
node and then discharged into the system through the
pipeline connected with it.
In the rainfall intensity scenario, we study the
effects of different rainfall intensities on stormwater
runoff and pollution. In addition to the use of P = 1year in the base scenario, we simulate different rainfall intensities, i.e., P = 5-year, P = 10-year, P = 20year, P = 30-year, and P = 50-year. Figure 3 (b) and
Figure 3 (c) show the relationship between rainfall
intensity and cumulative rainfall over time, and the
duration of rainfall is all 3 hours.

IR plays a decisive role in reducing the surface runoff, and the increase of IR is the leading cause of urban rainstorm. Simultaneously, as increasing UCLA,
taking measures (such as increasing the green space
zone) to reduce the IR can help alleviate the urban
flood and waterlogging disasters.
Figure 5 (b) shows the flood peak under all
three cases. Under different cases, the flood peak
gradually increases with the UCLA and IR, among
which, the flood peak caused by the increase of IR
increase slowly (Case1), and the flood peaks caused
by the increase of the UCLA increase (Case2), which
means the slope is significant. Under the condition
of the same UCLA, the larger the IR is, the larger the
flood peak is. In the case of the same IR, the larger
the UCLA, the larger the flood peak. The increase of
UCLA and IR will cause more towering flood peak,
which is also one of the causes of the severe urban
flood and waterlogging disasters. However, UCLA is
more sensitive to the flood peak. This finding raises
whether reducing UCLA is more effective than improving IR in reducing urban storm water discharges.
To solve this problem, we must realize that the
damage caused by urban flooding is related to the
flood peak, but it more hangs on the duration of runoff or flood. On this basis, this article discusses
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Result of the base scenario. To evaluate the
level of effect of change in UCLA and IR on stormwater runoff, we analyze the variation rules of rainfall infiltration, surface runoff, and flood peak. Figure 5 (a) shows the total infiltration and runoff depth
for all three cases. The results show that when UCLA
remains unchanged, the total infiltration decreases
with the increase of IR. When IR remains unchanged,
the larger the UCLA, the higher the total infiltration
will be with the increase of UCLA. It found that the
total infiltration decreased by 92.26% (Case1), increased by 18.65% (Case2), and decreased by 90.09%
(Case3), respectively, compared with the control
group (CG). At the same time, the corresponding surface runoff water depth increased by 205% (Case1),
decreased by 42.67% (Case2), and increased by 199%
(Case3) compared with the CG. Take the L8; for example, Case1 and Case3 have the same IR, Case3
UCLA is 20 times of Case1, but Case1 and Case3
have the same infiltration and runoff depth. Case2
and Case3 have the same UCLA, and Case3 has nine
times of Case2 IR, Case3 has 5.22 times of Case2
runoff depth. Besides, the decreasing trend of the total infiltration in Case1 and Case3 is the same, but
their decreasing rate (i.e., slope) is different. With the
increase of IR, the total infiltration of Case1 and
Case3 is nearly equal. The growth rate of the total
infiltration of Case2 gradually decreases and goes to
0, which does not increase anymore. These results
show that UCLA has a limit for increasing the total
infiltration or reducing the runoff depth. If the UCLA
increases to a particular value, the total infiltration or
runoff depth will not increase. The decrease of urban
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FIGURE 5
The variation of total infiltration and runoff
depth(a) and flood peak(b) in the studied area

Volume 30– No. 04/2021 pages 3350-3364

55

(a) case1
CG
L1
L2
L3
L4
L5
L6
L7
L8

Runoff flow (m3/s)

44
33
22
11

Fresenius Environmental Bulletin

0

200

400

time of Case3 increased exponentially, and the runoff dissipation time of Case2 was higher than that of
Case1, but the runoff dissipation time of Case1 and
Case2 increased slowly. We draw two important conclusions from this observation: (1) The sensitivity of
UCLA to runoff dissipation is higher than that of IR.
(2) Only increasing UCLA will not significantly increase the disappearance time of runoff; increasing
the UCLA and IR at the same time will increase the
runoff disappearance time exponentially.
Event Mean Concentration (EMC) is commonly used to describe rainfall runoff pollution.
EMC refers to the flow weighted average value of
each instantaneous pollution concentration in the
whole stormwater runoff process in an independent
rainfall event. The calculation formula is as follows.

Rainfall intensity (mm/hr)
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Where M (g) is the total amount of a pollutant
in the whole rainfall process; V (m3) is the total runoff; Ct (mg/l) refers to the instantaneous concentration of a pollutant in rainfall runoff with the time interval; 't (min) is time interval; Qt (m3/s ) is the
runoff with the time interval.
Figure 8 shows the EMC values of pollutants
under all three cases, and the variation trend of EMC
is the same as the total infiltration. EMC value decrease from 56.70 mg/L to 18.59 mg/L (Case1), increase to 98.87 mg/L (Case2), and decrease to
18.95mg/L Case3). The decrease is 67.21% (Case1),
and the increase is 74.38% (Case2), and the decrease
is 66.58% (Case3). CG's UCLA remains unchanged,
the total amount of pollutants remains unchanged,
and the smaller the runoff, the larger the EMC of pollutants (Case1). The larger the UCLA, the more pollutants, and the greater the runoff (Case2). According to the comparison between Case1 and Case3 in
the L8, the larger the UCLA, the smaller the EMC
value. Compared with Case2 and Case3, the smaller
the IR, the smaller the EMC value. It can conclude
that: (1) The sensitivity of UCLA to EMC is greater
than the IR. (2) There is a critical value for the influence of IR on EMC. If the critical value is exceeded,
the influence could ignore.
Figure 9 (a), (b), and (c) show the trend of pollutant concentration changing with time in three
cases. In the three cases, pollutant concentration suddenly reaches a tremendous value and then drops
rapidly, with a prominent first flush effect phenomenon. With the increase of IR, the rate of pollutant
concentration decline is accelerating; that is, the
slope is getting bigger and bigger. With the increase
of UCLA, the rate of pollutant concentration decline
is slowing down. It found that the concentration of
pollutants is more sensitive to IR than the increase of
UCLA.
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M
V

600
600

Time (min)

FIGURE 6
The variation of runoff flow over time in the
studied area
the relationship between runoff and time under different conditions. Figure 6 (a), (b), and (c) show the
variation relationship of runoff over time under all
three cases. In all three cases, the runoff curve
peaked almost simultaneously, but at UCLA with
low IR, runoff dropped faster after the peak. The
main reason for this phenomenon is that, after runoff
reaches its peak, the urban soil with a small IR can
absorb more water in a short period, so that runoff
can more quickly penetrate the ground.
Accordingly, we calculate runoff disappearance
time under different cases. Figure 7 shows rainfall
runoff disappearance time under three cases, and
runoff dissipation time increased from 672 min (CG)
to 722 min (Case1), 951 min (Case2), 5100 min
(Case3), with an increase of 7% (Case1), 41.51%
(Case2), and 659% (Case3). The runoff dissipation
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FIGURE 7
Runoff dissipation time in the studied area
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FIGURE 8
EMC in the studied area

Impacts of rainfall intensity. Figure 10 shows
the influence of rainfall intensity on runoff depth.
Under different rainfall intensity, the increase or decrease of runoff water depth varies. For Case1, compared with the runoff water depth of CG, the runoff
depth of L8 increased by about 205% (P = 1-year),
122% (P = 5-year), 104% (P = 10-year), 90% (P =
20-year), 84% (P = 30-year), and 77% (P = 50-year),
respectively. For Case2, the decrease was about 43%
(P = 1-year), 41% (P = 5-year), 40% (P = 10-year),
38% (P = 20-year), 37% (P = 30-year), and 36% (P
= 50-year). For Case3, the increase was about 200%
(P = 1-year), 119% (P = 5-year), 101% (P = 10-year),
87% (P = 20-year), 81% (P = 30-year), 74% (P = 50-

year). The added value of Case1 and Case3 is much
larger than the reduced value of the case, which indicates that no matter how the rainfall intensity is,
improving IR is more effective than reducing UCLA.
However, we carefully observed the rainfall intensity
after P = 1-year, and the increase of Case1 and Case3
decreased with the increase of rainfall intensity,
showing a downward trend. It means that when the
rainfall intensity reaches or exceeds a certain value,
reducing the UCLA is not always effective in reducing runoff.
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The variation of pollutant concentration over time in the studied area
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FIGURE 10
Effect of rainfall intensity on runoff depth
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Effect of rainfall intensity on flood peak
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FIGURE 12
Effect of rainfall intensity on EMC
The influence of rainfall intensity on the flood
peak is shown in Figure 11. The average growth rate
of the flood peak of Case3 is about 3957.77%, which
is higher than that of Case1 (347%) and Case2
(1211%). For Case1, it increases sharply from P = 1year to P = 5-year and slowly increases from P = 5year to P = 30-year, which is more significant than P
= 30-year and shows a trend of slight decrease.
Case2 increases firstly and then decreases, while
Case3 increases all the time. The influence of IR is
more important when rainfall intensity is lower.

However, with the increase of rainfall intensity, compared with IR, flood peak is more sensitive to the increase of UCLA.
Figure 12 shows the influence of rainfall intensity on the EMC. Under different rainfall intensities,
the increase or decrease of EMC varies. For Case1,
compared with CG EMC, L8 EMC decreased by
about 67% (P = 1-year), 55% (P = 5-year), 51% (P =
10-year), 47% (P = 20-year), 57% (P = 30-year) and
43% (P = 50-year), respectively. For Case2, the increase was about 74% (P = 1-year), 71% (P = 5-year),
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67% (P = 10-year), 62% (P = 20-year), 60% (P = 30year), and 57% (P = 50-year). For Case3, the decrease was about 67% (P = 1-year), 54% (P = 5-year),
50% (P = 10-year), 47% (P = 20-year), 45% (P = 30year), and 43% (P = 50-year). The reduction of
Case1 and Case3 is much larger than the increase of
case, which indicates that improving IR percentage
is more effective for EMC than reducing the UCLA,
regardless of the rainfall intensity. However, we
carefully observed the rainfall intensity after P = 1year, and the increase of Case1 and Case3 decreased
with the increase of rainfall intensity, showing a
downward trend. It means that when the rainfall intensity reaches or exceeds a certain value, reducing
the UCLA is not always effective for the EMC effect.

average removal rate of Cu by infiltration trench was
34% [61], and the removal rate of TN and TP by vegetative swale was more than 60% [62]. LID
measures have been used in China [63, 64] and many
western developed countries [37, 65] for the control
and management of urban rainfall and runoff and
achieved excellent results, which has become a
means to achieve ecological urbanization.
First flush effect. The first flush effect refers
to the concentration of pollutants in the initial rainfall runoff is significantly higher than that in the later
runoff [66], which also found in the study (Figure 9).
Rainfall washed roofs, roads and construction sites,
etc., resulting in many nutrients, organic matter,
heavy metals, and other pollutants in the initial rainwater [67]. At present, scholars have conducted a
large number of studies on the characteristics of surface stormwater runoff, and the results show that the
stormwater runoff seriously pollutes in the early
stage [68]. Simultaneously, a noticeable first flush
effect occurred in many stormwater runoff events
[69, 70]. At present, the substances with the first
flush effect are conventional pollutants such as TSS,
TN, COD, and TP [71] and metal pollutants such as
Fe, Pb, and Hg [72, 73]. The pollutant loads generated by rainfall mostly contained in the initial rainfall.
In the study of Pakistan road runoff rainwater, 25-30%
of the initial runoff rainwater pollution load accounts
for 40-44% of the total rainfall [74]. Sansalone and
Buchberger [75] found that with the prolongation of
rainfall time, the concentration of pollutants gradually decreased and leveled off, and the pollution load
in the initial rainwater (accounting for 20% of the total runoff) accounted for 80% of the total pollution
load. Therefore, the study of the initial scour effect
is of considerable significance to the control of rainwater pollution in the initial runoff.

DISCUSSIONS
The effect of LID measures in reducing IR.
The future planning and construction of Changan
town will inevitably increase UCLA, but we can reduce the IR. The United States proposed low impact
development (LID) based on Best Management
Practices (BMPs) [49]. LID is based on the whole
urban system and aims at minimizing the impact of
urban development on the environment. It adopts a
variety of source control and management measures
such as infiltration, filtration, and retention [50] to
reduce runoff generated by rainfall [51, 52] and pollutants [53, 54]. LID measures have an excellent regulatory effect on reducing stormwater runoff [55],
reducing flood peak [56], and delaying peak occurrence time [57].
LID also has sound effects on rainfall runoff
pollution. The removal rates of Cu, Zn, and Pb by the
bio-retention cell are over 97% [58]. The removal
rates of TP by rain gardens are 70-85% [59]. The removal rates of TSS by green roof are 93% [60], the

TABLE 5
The collected EMC data for the runoff in the central city, Country
City, Country
Land use
TSS
COD
TN
Wuhan, China [76]
Pavement
56
90
4.7
Road in residential zone
44-134
44-134
3.7-10.5
Road in commercial zone
12-79
85-286
3.9-12.5
Chongqing, China [77]
Campus
0-75
23-63
1.8-3.4
Roof
28-102
50-104
3.7-7.5
0.44Residential˄<40ha˅
16-636
70-330
0.52Residential˄>40ha˅
3-1570
39-190
0.82Minnesota, USA [78]
Residential suburbs˄<40ha) 7-3577
23-814
0.60Residential suburbs˄>40ha) 6-2400 22-1060
Cheongju, Korea [28]

Business/industrial district
Residential zone
Industrial zone
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42-418
278.7
106.3

54-319
312.9
80

1.8-8.18
8.45
5.07

TP
0.41
0-0.4
0.17-0.77
0.1-0.18
0.05-0.35
0.05-1.84
0.03v3.8
0.11-9.40
0.08-3.40
0.22-0.77
1.98
1.93
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EMC value comparison and analysis. Table 5
shows the EMC value of the collected surface runoff
pollutants from other countries. In comparison, EMC
at Changan is at the middle and lower level, with the
concentration characteristics of the general urban
rainfall runoff pollution. Compared with the EMC
values of different cities, the water quality characteristics of pavement runoff in different functional areas
of cities are quite different. Generally speaking, human activities concentrated in the commercial zone
and traffic zone, and the content of particles in the
runoff is usually high, while the runoff in the residential zone is mainly composed of nutrients. The
type of land use is one of the crucial factors that affect water quality in the surface runoff. There are differences in human activities and the nature of pollution in different land use types, which will inevitably
affect water quality in the runoff during rainfall.

and pollution is apparent, but above, the influence is
almost negligible. The two critical values vary with
rainfall intensity.
(3) Under the condition of low rainfall intensity,
the IR is more sensitive to flood peak than UCLA.
That is, improving the IR is more effective in reducing the flood peak than reducing UCLA. However,
with the increase of rainfall intensity, UCLA is more
sensitive to the change of flood peak than IR.
(4) The sensitivity of UCLA to runoff dissipation is much higher than that of IR. Only increasing
UCLA will not significantly increase the time of runoff dissipation. Increasing UCLA and IR at the same
time will increase the runoff disappearance time exponentially.
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LIMITATION
The study area of this article base on Changan
industrial zone, residential zone, traffic zone, commercial and green space zone build a ignore the real
terrain features of the SWMM generalized model, so
we cannot through the actual rainfall events or the
result of the simulation of stormwater runoff and pollution monitoring data to calibrate or verify the correctness of the model, need further study. Although
the model parameters are determined according to
the SWMM manual and existing literature, there is a
lack of data obtained through monitoring to verify
parameters. The absolute value of the calculated results in this paper has no practical significance, but
the relative value of the calculated results is credible.
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utilization of resources by vigorously developing
the ecological circular economy, transforming the
traditional economic development model, reducing
resource consumption, and reducing environmental
pollution. With the rapid development of my country's urbanization and social economy, the large
amount of demand for resources and the large
amount of waste output in cities have made the
ecosystem increasingly fragile, and the contradiction between resources and the environment has
become increasingly fierce, which has attracted
widespread attention from all walks of life [5-8].
Coordinating the relationship between economic
and social development and natural ecology, realizing the "harmonious coexistence of man and nature", the party and the country’s major policies and
the work objectives and evaluation standards of
governments at all levels are also important relationships and issues that Shanxi’s construction and
development must face and resolve. Problem
[9-11].
Since the reform and opening up, Shanxi
Province has made great efforts in population control, rational development and utilization of resources, pollution control, afforestation, and environmental protection, and achieved remarkable
results. However, the existing problems cannot be
ignored: the contradictions between economic development and population, resources and environment are becoming increasingly prominent. In
terms of resources, the province's per capita land
ownership is lower than the national average, and it
is one of the provinces with less land resources. In
addition to the insufficient reserve resources, the
shortage of land resources will exist for a long time.
Water resources are scarce, and the per capita occupancy is only 453 m3, ranking second in the
country; the province’s forest coverage rate is
20.1%, and the per capita forest area is 50% of the
national average, making it one of Shaolin provinces. The loss and waste of mineral resources exceed
those of other provinces. From an environmental
perspective, due to improper use of resources and
inadequate protection measures, serious environmental problems have arisen: Among the 30 most

ABSTRACT
Ecological quality management is based on
the ecological economic system model of "nature-society-economy", focusing on the quality theory of the production, formation and realization of
system quality. This paper studies the eco-economic
system model of "nature-society-economy" and
introduces a coordinated development model. The
research results show that the coordination degree
of Shanxi Province is relatively high, the coupling
coordination degree fluctuates, and the three systems are developing together. In the process of
strategic advancement, Shanxi Province should
strengthen the awareness of environmental protection, improve resource efficiency, seek a balance
between natural ecological protection and social
and economic development, and promote a high
degree of harmony between nature, society and
economy in Shanxi based on the differences in its
natural ecological endowments.

KEYWORDS:
Shanxi, Ecological quality management, Economic System, Ecological Perspective

INTRODUCTION
Ecological quality management is the study of
quality management theories and methods that not
only meet the needs of consumers but also meet the
requirements of sustainable development of the
ecological environment within the theoretical
framework of economic and social sustainable development strategies. The theory of ecological
quality management treats quality as a systematic
process within an evolving complex ecological
economic system such as "nature-society-economy"
[1-4].
The sustainable development of the ecological
economic system refers to the realization of sustainable economic development, effective improvement of the ecological environment, and full
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polluted cities in the country, there are 13 in Shanxi
Province alone, and the top few are all in Shanxi.
city. Among the 30 most polluted cities in the world,
Linfen ranks first, becoming the most polluted city
in the world. The air quality in some areas exceeds
the fourth or fifth air quality standards, and is no
longer suitable for human survival [12-16]. Moreover, the water pollution is serious. More than 80%
of the rivers in the province have been polluted to
varying degrees, and 74% of the river sections have
lost their use. Moreover, the waste in all aspects of
water utilization is amazing. In short, through
Shanxi's rapid population growth, serious destruction of resources, and continuous deterioration of
the environment, how Shanxi can develop to build a
well-off society in an all-round way must be
thoughtful and worrying.
This paper will study the eco-economic system model of "nature-society-economy" and introduces a coordinated development model.

water resources. Natural systems are considered to
be systems with restrictive functions. In the weight
GLVWULEXWLRQRIV\VWHPVĮ ȕ Ȗ 
Data Sources. This paper mainly use Shanxi
Statistical Yearbook data for analysis and research.

RESULTS AND DISCUSSION
The coordination levels of the three systems
have maintained a turbulent upward trend as a
whole, and there is a general inadequate development trend in which the coupling degree is greater
than the coupling coordination degree, indicating
that the future coordinated development has upward
potential. It is more significant that as the coupling
coordination degree increases, adjacent the changes
in the degree of coupling coordination between the
years are more obvious. At the same time, the degree of coupling coordination showed a short-term
peak in 2008 (Figure 1). The reason is that China’s
quantitative easing monetary policy that year
caused some cash to flow into infrastructure construction and improved water conservancy and environmental protection facilities in various regions.
The level of development has improved the total
amount of resources available and the efficiency of
use, promoted the development of the ecological
environment, and at the same time promoted economic growth. In 2013, the “Belt and Road” initiative formed a short-term upward and downward
fluctuations, and then the overall upward trend
showed an upward trend. From the proposal to implementation, Shanxi Province began to focus on
the coordinated development of the three systems
and made adjustments to the development strategy;
proposed innovations in the development model,
began to accelerate its own transformation speed,
and moved closer to the requirements of the “Belt
and Road” initiative (Figure 2). It highlights the
lagging development of the resource system and the
need to develop the "Belt and Road" initiative in
accordance with national requirements, accelerate
urban transformation, and achieve a symbiotic state
of coordinated development within the three systems and complement each other.
Due to the widening gap between the comprehensive evaluation index of the economic system and the comprehensive evaluation index of
water resources, the coupling and coordination level of the whole system was finally lowered. In response to the phenomenon of widening the gap
between economic development and the development of natural resources, it is necessary to "promote security with development", promote resource
security through economic development, improve
the production capacity and use efficiency of natu-

MATERIALS AND METHODS
Coupling coordination model. Based on the
research of previous scholars, this paper uses the
degree of coupling coordination to further analyze
the dynamic evolution and misalignment of the
coupling coordination system, corrects the misleading analysis of the results caused by the judgment of the coupling degree alone, and intuitively
analyzes the level of coupling coordination. The
calculation formula is:

(1)

(2)
In the formula: C is the coupling degree; T is
the system comprehensive evaluation coefficient; D
is the coupling coordination degree used to reflect
WKHFRRUGLQDWHGGHYHORSPHQW VWDWXVRIWKHWKUHHĮ
ȕDQGȖDUHXQGHWHUPLQHGFRHIILFLHQWV:KHQDQ\
two systems in the system are coupled with each
other, Due to the non-linear fuzzy relationship between systems, it is impossible to arbitrarily judge
which system is more important. It is believed that
all systems and water resources systems are equally
important, that is, the weight of any 2 systems is the
same as 0.5. When 3 systems are coupled, its economic development and ecological environment
The evolution of all has a strong dependence on
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ral resources; attach importance to the ecological
and economic benefits of natural resources, Improve the carrying capacity of natural resources.

Taking the ecological economy as an opportunity,
strengthen project approval and monitoring, and
eliminate environmental pollution from the source.

(a)

(b)

(c)
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(d)
FIGURE 1
Surface Plot of Coupling coordination degree

FIGURE 2
Run Chart of Coupling coordination degree
Policy suggestion. (1) Improve the overall
quality of residents and do a good job of publicity. It is necessary to further enhance the national
resources and environmental awareness, and actively promote the cause of sustainable development. Strengthen the geographical education of the
whole people, establish a correct outlook on population, resources, and environment, and strengthen
the awareness of coordinated development and sustainable development. To further understand the
urgency and importance of the population, resources, environment and sustainable development
issues facing the people of the whole province.

Mobilize all aspects of society, adopt effective
measures such as education, publicity, training,
lectures, etc., to improve the awareness of the population, resources, environment and sustainable
development issues of the whole people, especially
leading cadres and managers, so that everyone can
pay close attention to us. The environment on
which to live, understand the close relationship
between human activities, resource development
and environmental protection, mobilize the enthusiasm of the general public to participate in resource protection and environmental protection,
strengthen public supervision, increase law en-
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forcement, and strict management.

limit. Through the above-mentioned efforts, it is
ensured that the environmental pollution in key
areas will be significantly improved within three to
five years, and the air quality in 11 central cities
will be significantly improved. Continue to implement key national ecological construction projects
such as natural forest protection, returning farmland
to forests, and harnessing the source of sandstorms
in Beijing and Tianjin. Continue to implement key
projects such as the greening of roads and railways
on both sides of the province, barren hills along the
transportation line, rural greening, urban belt
greening, and urban built-up greening. The province's annual afforestation is 5 million mu to ensure
that the forest coverage rate increases year by year.

(2) Government departments must do a
good job in adjusting the industrial structure.
Governments at all levels should regard the protection of the environment and resources as the core of
sustainable economic development in the adjustment of industrial structure. Governments at all
levels should actively support and guide the whole
society to develop a circular economy and clean
production, and accelerate the construction of a
conservation-oriented society. Accelerate the promotion of the province's circular economy and
clean production, with the core of improving resource utilization and reducing pollution emissions,
and the direction of poly-generation and cleanliness,
guiding and encouraging enterprises in coal, coke,
metallurgy, electricity, building materials, coal
chemical industries and other industries In accordance with the requirements of circular economy,
improve equipment, process technology and production process, increase product processing depth
and added value, and promote resource conservation, resource reuse and pollution reduction. At the
same time, it is necessary to formulate and implement the action plan and assessment methods for
the construction of a resource-saving society in our
province as soon as possible, and use laws and policies and price levers to guide and constrain the
entire society to save energy, water, materials, and
land, and achieve comprehensive utilization of resources.

CONCLUSIONS
This paper studies the eco-economic system
model of "nature-society-economy" and introduces
a coordinated development model. The research
results show that the coordination degree of Shanxi
Province is relatively high, the coupling coordination degree fluctuates, and the three systems are
developing together. In the process of strategic advancement, Shanxi Province should strengthen the
awareness of environmental protection, improve
resource efficiency, seek a balance between natural
ecological protection and social and economic development, and promote a high degree of harmony
between nature, society and economy in Shanxi
based on the differences in its natural ecological
endowments.

(3) Continue to implement the two major
projects of "blue sky and clear water" and afforestation. It is necessary to further strengthen the
target responsibility system for the prevention and
control of environmental pollution by governments
and enterprises at all levels, improve environmental
protection and pollution control regulations and
systems, and intensify efforts to control air pollution and air pollution in 11 central cities, expressways and along the Fen River and ten major scenic
spots. Water pollution. In five years, central heating
has basically covered urban residents. Power plants,
coking plants, chemical plants and other companies
with serious pollution have all installed desulfurization and dust removal facilities, and accelerated the
construction of urban residents and industrial sewage and garbage treatment facilities in multiple
ways. Strengthen supervision to ensure that all
kinds of environmental protection facilities operate
around the clock. Strictly implement the total
amount of pollutant control system. Certain areas of
urban planning areas and surrounding areas are not
allowed to re-enter serious polluting projects, and
existing serious polluting enterprises shall be renovated or gradually closed or relocated within a time

ACKNOWLEDGEMENT
This paper is supported by Shanxi soft science
project 2018: A study on Dynamic Comparative
Advantage of Resource-based Region— A case
study on Shanxi Province, 2018041058-2.

REFERENCES
[1] Li, N. (2019) Analysis of rural ecological environment governance and economic and social
development in the background of digitization.
Fresen. Environ. Bull. 28, 10076-10082.
[2] Ya, R., Kong, F.L., Zhang, T.Y. (2020) Evaluation and analysis of coordinated development
of eco-environment and ethnic region economy.
Fresen. Environ. Bull. 29, 1672-1676.

3369

© by PSP

Volume 30– No. 04/2021 pages 3365-3370

Fresenius Environmental Bulletin

[3] Fang, X.J., Cao, J.W. (2019) Statistical and
analytical research of coordinated development
of economy, resource and environment. Fresen.
Environ. Bull. 28, 8158-8164.
[4] Miao, C.L., Sun, L.Y., Yang L. (2016) The
studies of ecological environmental quality assessment in Anhui province based on ecological footprint. Ecol. Indic. 60, 879-883.
[5] Boggia, A., Rocchi, L., Paolotti, L., Musotti,
M., Greco, S. (2014) Assessing rural sustainable development potentialities using a dominance-based rough set approach. J. Environ.
Manage. 144(1), 160-167.
[6] Caliskan, H. (2015) Novel approaches to exergy and economy based enhanced environmental analyses for energy systems. Energy Convers. Manag. 89, 156-161.
[7] Mofijur, M., Atabani, A.E., Masjuki, H.H.,
Kalam, M.A., Masum, B.M. (2013) A study on
the effects of promising edible and non-edible
biodiesel feedstocks on engine performance
and emissions production: a comparative evaluation. Renew. Sustain. Energy Rev. 23,
391-404.
[8] Xu, B., Hao, J. (2017) Air quality inside subway metro indoor environment worldwide: a
review. Environ. Int. 107, 33-46.
[9] Mamipour, S., Yahoo, M., Jalalvandi, S. (2019)
An empirical analysis of the relationship between the environment, economy, and society:
Results of a PCA-VAR model for Iran. Ecological Indicators. 102, 760-769.
[10] Yuan, X.L., Zuo, J. (2011) Transition to low
carbon energy policies in China - from the
Five-Year Plan perspective. Energ. Policy. 39,
3855-3859.
[11] Wang, Q.S., Yuan, X.L., Cheng, X.X., Mu,
R.M., Zuo, J. (2014) Coordinated development
of energy, economy and environment subsystems-A case study. Ecological Indicators. 46,
514-523.
[12] Cui, X.G., Fang, C.L., Liu, H.M., Liu, X.F.
(2019) Assessing sustainability of urbanization
by a coordinated development index for an
Urbanization - Resources - Environment complex system: A case study of Jing-Jin-Ji region,
China. Ecological Indicators. 96, 383-391.
[13] Siva, V., Gremyr, I., Bergquist, B., Garvare, R.,
Zobel, T., Isaksson, R. (2016) The support of
quality management to sustainable development: a literature review. J. Cleaner Prod. 138,
148-157.
[14] Zuo, Y., Shi, Y.L., Zhang, Y.Z. (2017) Research
on the sustainable development of an Economic-Energy-Environment (3E) system based on
system dynamics (SD): A case study of the
Beijing-Tianjin-Hebei region in China. Sustainability. 9, 1727-1728.

[15] Sauvé, S., Bernard, S., Sloan, P. (2015) Environmental sciences, sustainable development
and circular economy: Alternative concepts for
trans-disciplinary research. Environ. Dev. 17,
48-56.
[16] Tang, X., McLellan, B.C., Snowden, S., Zhang,
B., Hook, M. (2015) Dilemmas for China: Energy, economy and environment. Sustainability.
7, 5508-5520.

Received:
Accepted:

07.08.2020
25.09.2020

CORRESPONDING AUTHOR
Ting Yao
School of Law,
Shanxi University of Finance and Economics,
Taiyuan Shanxi 030006 – China
e-mail:

3370

fdggdfgfd123@aliyun.com

E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


(67,0$7,212)*(1(7,&&20321(176$1'
+(7(526,6)251856(5<75$,76,1720$72+<%5,'6
SOLANUM ESCULENTUM0,// 

,UXP$]L] $VLI$OL.KDQ$KODP.KDORIDK$TVD7DEDVXP0XKDPPDG$PMDG%DVKLU
0XQD]D%DWRRO.KDOLG$OL.KDQ+DVQDLQ)DURRT5HHP$WDOOD$ODMPL
'LQD00HWZDOO\0XKDPPDG-DYHG$QVDUL



'HSDUWPHQWRI3ODQW%UHHGLQJ *HQHWLFV)DFXOW\RI$JULFXOWXUDO6FLHQFH*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3DNLVWDQ

0XKDPPDG1DZD]6KDULI8QLYHUVLW\RI$JULFXOWXUH0XOWDQ3DNLVWDQ
5HVHDUFK&HQWUHIRU$GYDQFH0DWHULDO6FLHQFH 5&$06 .LQJ.KDOLG8QLYHUVLW\32%R[$EKD6DXGLD$UDELD

8QLWRI%HH5HVHDUFKDQG+RQH\3URGXFWLRQ)DFXOW\RI6FLHQFH.LQJ.KDOLG8QLYHUVLW\32%R[$EKD6DXGLD$UDELD

1XFOHDU,QVWLWXWHIRU$JULFXOWXUHDQG%LRWHFKQRORJ\)DLVDODEDG3DNLVWDQ

'HSDUWPHQWRI3ODQW3URWHFWLRQ)DFXOW\RI$JULFXOWXUDO6FLHQFH*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3DNLVWDQ

'HSDUWPHQWRI3ODQW3URWHFWLRQ)DFXOW\RI$JULFXOWXUDO6FLHQFH*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3DNLVWDQ

%LRORJ\'HSDUWPHQW)DFXOW\RI6FLHQFH.LQJ.KDOLG8QLYHUVLW\32%R[$EKD6DXGLD$UDELD

'HSDUWPHQWRI)RUHVWHU\)DFXOW\RI$JULFXOWXUDO6FLHQFH*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3DNLVWDQ

=RRORJ\'HSDUWPHQW&ROOHJHRI6FLHQFH.LQJ6DXG8QLYHUVLW\5L\DGK6DXGL$UDELD

'HSDUWPHQWRI3DUDVLWRORJ\)DFXOW\RI9HWHULQDU\0HGLFLQH=DJD]LJ8QLYHUVLW\=DJ]LJ(J\SW

'HSDUWPHQWRI%RWDQ\+LQGX&ROOHJH0RUDGDEDG 0-35RKLONKDQG8QLYHUVLW\%DUHLOO\ ,QGLD




$%675$&7

+HULWDEOH YDULDWLRQ LV WKH EDVLV RI SODQW
LPSURYHPHQW YLD VHOHFWLRQ IRU TXDQWLWDWLYH WUDLWV
LQFOXGLQJ WKRVH FRQWULEXWLQJ WR \LHOG 7KH SUHVHQW
VWXG\ ZDV LQLWLDWHG WR HVWLPDWH KHULWDEOH YDULDWLRQ
DQG WKH JHQHWLF FRPSRQHQWV RI DJURQRPLFDOO\
LPSRUWDQWWUDLWVLQWRPDWR6HHGVRISDUHQWDOOLQHV
DQGK\EULGVDORQJZLWKWZRFRPPHUFLDOYDULHWLHV
-XU\DQG6DDKLO ZHUHSODQWHGLQDZDONLQJWXQQHO
7KHUHZHUHKLJKO\VLJQLILFDQWGLIIHUHQFHVDPRQJWKH
H[SHULPHQWDOPDWHULDOIRUDOOWUDLWVH[FOXGLQJGU\URRW
DQG VKRRW ZHLJKW DQG VHHGOLQJ ZDWHU FRQWHQW
LQGLFDWLQJVXIILFLHQWJHQHWLFYDULDELOLW\IRUPDMRULW\
RI WKH WUDLWV LQ WKLV SDQHO RI WRPDWR JHUPSODVP IRU
JHQHWLF JDLQ YLD VHOHFWLRQ 1HYHUWKHOHVV KLJKHU
SKHQRW\SLFWKDQJHQRW\SLFFRHIILFLHQWVRIYDULDELOLW\
ZHUH REVHUYHG IRU DOO WUDLWV XQGHU VWXG\ +LJKHU
KHULWDELOLW\HVWLPDWHVDVVRFLDWHGZLWKKLJKHUJHQHWLF
DGYDQFHZHUHREVHUYHGIRUIUHVKURRWZHLJKWZKLOH
ORZHUYDOXHVRIERWKKHULWDELOLW\DQGJHQHWLFDGYDQFH
ZHUHREVHUYHGIRUVKRRWOHQJWK$UDQJHRIKHWHURVLV
YDOXHVZDVREVHUYHGIRUDOOWUDLWVLQWKHFURVVHV7KH
ILQGLQJV UHYHDOHG WKH H[SORLWDWLRQ RI KHWHURVLV IRU
LPSURYLQJWKHK\EULGYLJRURIVHHGOLQJWUDLWV



DGDSWDELOLW\ WR VRLO DQG FOLPDWLF FRQGLWLRQV DQG LV
FXOWLYDWHG DOPRVW HYHU\ZKHUH KXPDQV OLYH LQ WKH
ZRUOG7RPDWRKDVDKLJKQXWULWLYHYDOXHDQGGLYHUVH
XVHV,Q3DNLVWDQWRPDWRHVDUHJURZQRYHU
KD ZLWK DQ DYHUDJH \LHOG RI  WRQV SHU KD 7KH
DYHUDJH \LHOG RI WRPDWR LV YHU\ ORZ LQ 3DNLVWDQ DV
FRPSDUHG WR WKH  WRQV SHU KHFWDUH WKDW LV WKH
DYHUDJHLQPDMRUWRPDWRSURGXFLQJFRXQWULHVRIWKH
ZRUOG >@  7KHUHIRUH LQ 3DNLVWDQ WKHUH LV D JUHDW
QHHG IRU LPSURYHG YDULHWLHV RI WRPDWR ZLWK KLJK
\LHOG DQG TXDOLW\ SURGXFWLRQ $Q DSSUHFLDEOH
LPSURYHPHQW LQ \LHOG FDQ EH DFKLHYHG WKURXJK WKH
GHYHORSPHQWRI)K\EULGVLQPDQ\FURSVSHFLHV>@
DQG LQ WRPDWRHV >@ +HDOWK\ DQG YLJRURXV
JHUPLQDWLRQDUHFRQVLGHUHGDJRRGIRXQGDWLRQIRUD
JRRGFURSVWDQG>@DQGZRXOGEHDQLPSRUWDQW
IDFWRUIRUWRPDWRSURGXFWLRQLPSURYHPHQW6HHGOLQJ
YLJRU GHSHQGV XSRQ YDULRXV FRQVWLWXHQW WUDLWV
LQFOXGLQJURRWOHQJWKVKRRWOHQJWKDQGIUHVKDQGGU\
ZHLJKW RI URRWV DQG VKRRWV +HULWDEOH YDULDWLRQ IRU
VHHGOLQJWUDLWVKDVEHHQUHSRUWHGLQWRPDWR
+\EULGV DUH EHFRPLQJ SRSXODU LQ WRPDWR
HVSHFLDOO\ IRU FXOWLYDWLRQ LQ WXQQHOV EHFDXVH
FRPPHUFLDOK\EULGVDUHVXSHULRUWRRSHQSROOLQDWHG
YDULHWLHV LQ WHUPV RI \LHOG TXDOLW\ DQG XQLIRUPLW\
+\EULGYLJRULQWRPDWRZDVILUVWREVHUYHGE\>@DQG
ZRUN RQ KHWHURVLV LQ WRPDWR KDV FRQWLQXHG >@ DQG
>@ UHSRUWHG  K\EULG YLJRU LQ WRPDWR 'HVSLWH
WKHVH VWXGLHV WKH SDFH RIZRUN RQ GHYHORSPHQW RI
WRPDWR K\EULG VHHG RQ D FRPPHUFLDO EDVLV IRU
3DNLVWDQKDVEHHQFLUFXPVFULEHG
+HWHURVLV LV WKH VXSHULRU SHUIRUPDQFH RI D)
K\EULG RYHU WKH EHVW RI LWV SDUHQW DQGRU WKH PHDQ
SHUIRUPDQFHRIERWKSDUHQWV FDOOHGWKHPLGSDUHQW 
,Q D JLYHQ HQYLURQPHQW JHQHV RU DOOHOHV RI
JHQHVPD\LQWHUDFWWRFDXVHDERRVWLQSHUIRUPDQFH
1RZWKURXJKRXWWKHZRUOGLQVHOISROOLQDWHGDVZHOO

.(<:25'6
*HQHWLF DGYDQFH JHQRW\SLF YDULDWLRQ KHULWDELOLW\
SKHQRW\SLFYDULDWLRQ



,1752'8&7,21

7RPDWR 6RODQXPHVFXOHQWXP0LOO EHORQJVWR
WKH IDPLO\ 6RODQDFHDH DQG LV WKH VHFRQG PRVW
LPSRUWDQWYHJHWDEOHDIWHUSRWDWR,WKDVZLGHUDQJHRI
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ZŽŽƚůĞŶŐŚƚ;ĐŵͿ

DV FURVV SROOLQDWHG FURSV KHWHURVLV LV EHLQJ
H[SORLWHG+HULWDELOLW\RIDWUDLWLVWKHSURSRUWLRQRI
WKHWUDLWYDULDWLRQWKDWLVGXHWRWKHGLIIHUHQFHVLQWKH
JHQHVWKDWHQFRGHWKHWUDLWQRQKHULWDEOHYDULDWLRQLV
FDXVHG E\ FKDQJHV LQ WKH HQYLURQPHQW RU WKH
LQWHUDFWLRQ RI JHQHV ZLWK WKH HQYLURQPHQW  7KHVH
FDQQRWEHVHOHFWHGIRUEXWWKHKHULWDEOHSRUWLRQRIWKH
YDULDWLRQ FDQ EH DQG FDQ EH SDVVHG GRZQ RYHU
JHQHUDWLRQV  7KHUHIRUH LQ WKLV FRQWH[W WKH KLJKHU
WKHKHULWDELOLW\RIDWUDLWWKHPRUHVWUDLJKWIRUZDUGWKH
VHOHFWLRQSURFHVVZLOOEHDQGWKHKLJKHUWKHJDLQIURP
VHOHFWLRQ RQ WKH SKHQRW\SH HDFK JHQHUDWLRQ ,I WKH
KHULWDELOLW\YDOXHRIDWUDLWLVORZWKHQVHOHFWLRQRQ
SKHQRW\SHZLOOQRWEHIUXLWIXODQGWKHEUHHGHUPXVW
WU\RWKHUPHWKRGVWRERRVWVHOHFWLRQVXFKDVSURJHQ\
WHVWLQJ >@ ,Q OLJKW RI WKHVH FRQVLGHUDWLRQV 
WRPDWR OLQHV ZHUH XVHG WR GHYHORS ) K\EULGV DQG
PHDVXUHG IRU EURDG VHQVH KHULWDELOLW\ DQG JHQHWLF
DGYDQFH RI VHHGOLQJ YLJRU WR GHWHUPLQH WKHLU
SRWHQWLDO YDOXH DV SDUHQWV IRU WKH FUHDWLRQ RI
LPSURYHGK\EULGWRPDWRHV


0$7(5,$/6$1'0(7+2'6

7KLUWHHQ SDUHQWDO YDULHWLHV ZHUH WUDQVSODQWHG
LQWRDILHOGDIWHURQHPRQWKDQGQRUPDODJURQRPLF
DQG SODQW SURWHFWLRQ PHDVXUHV ZHUH DGRSWHG WR
PDLQWDLQ D KHDOWK\ JURZWK RI SODQWV $W IORZHULQJ
WKH  JHQRW\SHV ZHUH FURVVHG LQ  ELSDUHQWDO
FRPELQDWLRQV 7DEOH   7KH FURVVHG IUXLWV ZHUH
SLFNHGVHSDUDWHO\ZKHQIXOO\PDWXUHDQGWKHLUVHHGV
ZHUHH[WUDFWHGPDQXDOO\
'XULQJQH[WVHDVRQVHHGVRIWKHFURVVHVDQG
WKHLUSDUHQWVDORQJZLWKWZRFRPPHUFLDOK\EULGV
-XUU\DQG6DDKLO ZHUHVRZQLQDZDONLQJWXQQHODW
 FP VSDFLQJ 1XUVHU\ EHG ZDV SUHSDUHG ZLWK D
JURZWKPHGLDFRQWDLQLQJXSSHUOD\HURIVRLO
VDQG DQG  OHDI FRPSRVW DQG  J 13.
 7KHVL]HRIQXUVHU\EHGZDVNHSWDWî
îFPDQGLWZDVGLYLGHGLQWRWKUHHVPDOOEHGV
UHSUHVHQWLQJWKUHHUHSOLFDWLRQV

ϭϬ
ZϸсϬ͕ϲϴϭ
ϴ

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7KH HPHUJHG VHHG ZHUH FRXQWHG LQ HDFK
UHSOLFDWLRQ DIWHU  GD\V RI VRZLQJ '$6  WR
FRPSXWH JHUPLQDWLRQ SHUFHQWDJH )LYH VHHGOLQJV
ZHUH VHOHFWHG DW UDQGRP IURP SORW DIWHU  GD\V
ZDWHUHGKHDYLO\DQGGXJXSFDUHIXOO\WRDYRLGLQMXU\
$IWHU XSURRWLQJ WKH VHHGOLQJV ZHUH ZDVKHG LQ
UXQQLQJ ZDWHU WR UHPRYH VDQG VRLO SDUWLFOHV DQG
RWKHUGHEULV6KRRWDQGURRWOHQJWKVZHUHPHDVXUHG
LQ FP IURP WKH ILUVW FRW\OHGRQ OHDI QRGH WR WKH
MXQFWLRQRIURRWDQGVKRRW)UHVKSODQWZHLJKWIUHVK
URRW ZHLJKW DQG IUHVK VKRRW ZHLJKW ZHUH WKHQ
PHDVXUHGZLWKHOHFWULFDOGLJLWDOEDODQFH6KRRWVDQG
URRWV ZHUH RYHQ GULHG DW  & IRU  KRXUV DQG
UHZHLJKHG WR REWDLQ GU\ ZHLJKWV 6HHGOLQJ ZDWHU
FRQWHQW  ZDVFDOFXODWHGDVIROORZLQJV
6HHGOLQJ ZDWHU FRQWHQW    'LIIHUHQFH LQ
IUHVKDQGGU\ZHLJKW7RWDOIUHVKSODQWZHLJKW î

6WDWLVWLFDO $QDO\VLV /HDVW VLJQLILFDQW
GLIIHUHQFHV /6'  ZHUH FDOFXODWHG WR FRPSDUH
PHDQYDOXHV7KHJHQRW\SLF * SKHQRW\SLF 3 DQG
HQYLURQPHQWDO (  FRHIILFLHQWV RI YDULDWLRQV &9 
ZHUH FDOFXODWHG DFFRUGLQJ WR %XUWRQ DQG 'HYDQH
  %URDG VHQVH KHULWDELOLW\ HVWLPDWHV DQG
JHQHWLFJDLQZHUHFDOFXODWHGIROORZLQJ+DQVRQHWDO
 DQG-RKQVRQHWDO  UHVSHFWLYHO\
7KHSHUFHQWLQFUHDVHRUGHFUHDVHLQYDOXHRI)
K\EULGVRYHUPLGSDUHQWZDVFDOFXODWHGWRHVWLPDWH
SRVVLEOH KHWHURWLF HIIHFW IRU WKH VHHGOLQJ WUDLWV
DFFRUGLQJWR)RQVHFDDQG3DWWHUVRQ  7KHWWHVW
ZDVXVHGWRGHWHUPLQHZKHQ)K\EULGPHDQVZHUH
VWDWLVWLFDOO\ VLJQLILFDQWO\ GLIIHUHQW IURP PLG SDUHQW
YDOXHV 7KH W YDOXH IRU KHWHURVLV ZDV FRPSXWHG E\
WKHIRUPXOD$OOFDOFXODWLRQVZHUHGRQHLQ067$7
&


ZŽŽƚǁĞŝŐŚƚ;ŐͿ

Ϯ
ϭ͕ϱ
ZϸсϬ͕ϱϯϳϰ
ϭ
Ϭ͕ϱ
Ϭ
Ϭ

Ϯ
ϰ
ϲ
^ŚŽŽƚǁĞŝŐŚƚ;ŐͿ

),*85(
5HODWLRQVKLSRIURRWZHLJKWZLWKVKRRWZHLJKWDW
GD\VDIWHUJHUPLQDWLRQ






ϲ
ϰ
Ϯ
Ϭ
Ϭ

ϱ

ϭϬ
ϭϱ
ϮϬ
^ŚŽŽƚůĞŶŐƚŚ;ĐŵͿ

),*85(
5HODWLRQVKLSRIURRWOHQJWKZLWKVKRRWOHQJWKDW
WKHGD\VDIWHUJHUPLQDWLRQ
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
$QDO\VLVRIYDULDQFHIRUVHHGOLQJWUDLWV
6/
5/
73:
6:




5HSOLFDWLRQ

16
 
*HQRW\SHV



(UURU



7RWDO
16 1RQVLJQLILFDQW KLJKO\VLJQLILFDQW

61R




5:

'6:

'5:


 



 



 



 



QV



QV















7$%/(
(VWLPDWLRQRIJHQHWLFFRPSRQHQWVRIGLIIHUHQWVHHGOLQJWUDLWVLQWRPDWR
7UDLWV
*HQHWLFFRPSRQHQWV

9DULDQFH
9DULDQFH
*&9
3&9
+HULWDELOLW\
JHQRW\SLF
SKHQRW\SLF



6KRRW






OHQJWK
5RRW
OHQJWK
)UHVKSODQW
ZHLJKW
)UHVK
VKRRW
ZHLJKW
)UHVKURRW
ZHLJKW

*HQHWLF
DGYDQFH



















































5(68/76$1'',6&866,21

$QDO\VLV RI YDULDQFH UHYHDOHG KLJKO\
VLJQLILFDQW GLIIHUHQFHV DPRQJ JHQRW\SHV IRU URRW
OHQJWK DQG VKRRW OHQJWKV VXJJHVWLQJ VXIILFLHQW
JHQHWLF YDULDELOLW\ DPRQJ WKH JHQRW\SHV IRU FURS
LPSURYHPHQW 7DEOH 7KHORZHVWYDOXHVIRUWKHVH
WUDLWV ZHUHREVHUYHG LQ &KLFR î 7,PSURYHG 7KH
KLJKHVW YDOXH IRU URRW OHQJWK ZDV PHDVXUHG LQ
JHQRW\SH7,PSURYHGDQGWKHORQJHVWVKRRWOHQJWK
ZDVQRWHGIRU77 7DEOH 
7KH GLIIHUHQFHV DPRQJ JHQRW\SHV IRU IUHVK
SODQW ZHLJKW IUHVK VKRRW ZHLJKW DQG IUHVK URRW

ZHLJKWZHUHDOVRKLJKO\VLJQLILFDQW0D[LPXPYDOXH
IRUWKHVHWUDLWVZDVREVHUYHGLQ0RQH\0DNHU7KH
ORZHVWYDOXH J IRUIUHVKSODQWZHLJKWZDV
REVHUYHG LQ FURVV 7:/ î &KLFR /RZHVW VKRRW
ZHLJKWZDVUHFRUGHGLQ(DUO\.LQJî7,PSURYHG
DQGORZHVWIUHVKURRWZHLJKWLQ/<31Rî7:/
 +RZHYHU WKH UHVXOWV VXJJHVWHG QRQVLJQLILFDQW
GLIIHUHQFHVDPRQJJHQRW\SHVIRUGU\VKRRWZHLJKW
GU\ URRWZHLJKW DQG VHHGOLQJ ZDWHUFRQWHQW 7DEOH
  7KLV LQGLFDWHG WKDW WKHUH ZDV QR YDULDWLRQ IRU
WKHVH WUDLWV DQG WKH\ FDQQRW EH IXUWKHU DQDO\]HG RU
H[SORLWHGLQWKLVJHUPSODVP


dWt
ϳ
ϲ
ϱ
ϰ
ϯ
Ϯ
ϭ
Ϭ

dWt

),*85(
0HDQSHUIRUPDQFHDQGVWDWLVWLFDOVLJQLILFDQFHRI7RWDO3ODQW:HLJKW 73: 
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
(VWLPDWLRQRIKHWHURVLVDQGXVHIXOKHWHURVLVIRUVHHGOLQJSDUDPHWHUVLQWRPDWR




$ JUDSKLFDO UHSUHVHQWDWLRQ RI PHDQ
SHUIRUPDQFH DQG VWDWLVWLFDO VLJQLILFDQFH RI WUDLWV LV
DOVRLQFOXGHG )LJXUHVDQG 

(VWLPDWLRQ RI JHQHWLF FRPSRQHQWV RI
YDULDWLRQ7KHSKHQRW\SLFFRHIILFLHQWVRIYDULDELOLW\
3&9 ZHUHKLJKHUWKDQWKHJHQRW\SLFFRHIILFLHQWRI
YDULDELOLW\ *&9  IRU DOO WUDLWV XQGHU FRQVLGHUDWLRQ
7DEOH   LQGLFDWLQJ D SURQRXQFHG HIIHFW RI WKH
HQYLURQPHQW RQ WKH WUDLWV $Q HDUO\ DQG DFFXUDWH
DSSUDLVDO RI VHJUHJDWLQJ SURJHQ\ LV RI YLWDO
LPSRUWDQFH WR EUHHGHUV LQ RUGHU WR PRVW HIILFLHQWO\
LGHQWLI\ WKH SDUHQWV RI WKH EHVW FURVVHV  $ ORZ
KHULWDELOLW\PDNHVDFFXUDWHVHOHFWLRQRISDUHQWVZLWK
WKH EHVW JHQHWLF SRWHQWLDO GLIILFXOW 2XU VWXGLHV
UHYHDOHGORZKHULWDELOLW\IRUVKRRWOHQJWK FP 
DQG IUHVK VKRRW ZHLJKW  J  ZLWK PRGHUDWH
JHQHWLF DGYDQFH   DQG 
UHVSHFWLYHO\ LQGLFDWHGWKDWWKHVHWUDLWVKDGDORZHU
H[SHFWHGWUDQVPLVVLRQWRWKHQH[WJHQHUDWLRQDQGZLOO
QHHG PRUH FDUHIXO VHOHFWLRQ VFKHPHV )LJ 
+RZHYHU URRW OHQJWK IUHVK URRW ZHLJKW DQG IUHVK
SODQW ZHLJKW H[KLELWHG PRGHUDWH DQG DFFHSWDEOH
YDOXHV RI KHULWDELOLW\   DQG 
UHVSHFWLYHO\  DQG JHQHWLF DGYDQFH 
 DQG  UHVSHFWLYHO\  VKRZLQJ D
FKDQFHRILPSURYHPHQWWKURXJKHIIHFWLYHVHOHFWLRQ


(VWLPDWLRQ RI KHWHURVLV IRU VHHGOLQJ
WUDLWV7KH HVWLPDWH RI KHWHURVLV IRU JHUPLQDWLRQ
SHUFHQWDJHH[KLELWHGWKDWVL[FURVVFRPELQDWLRQVRXW
RI  VKRZHG SRVLWLYH DQG VLJQLILFDQW KHWHURWLF
YDOXHV2WKHUFURVVHVDQGWKHFRPPHUFLDOK\EULGVDOO
VKRZHG QR VLJQLILFDQW RU QHJDWLYH KHWHURVLV 7DEOH
  7KUHH FURVVHV KDG VLJQLILFDQW DQG QHJDWLYH VL[
FURVVHVKDGKLJKO\VLJQLILFDQWDQGQHJDWLYHKHWHURWLF
YDOXHV:KLOHILYHFURVVHVRXWRIWZHQW\IRXUZHUH
SRVLWLYHDQGQRQVLJQLILFDQWWHQZHUHQHJDWLYHDQG
QRQVLJQLILFDQW 7KH XVHIXO KHWHURVLV RI DOO FURVVHV
ZDV QHJDWLYH H[FHSW IRU WZR FURVVHV ,W FRXOG EH
FRQFOXGHG WKDW RXU FRPPHUFLDO K\EULGV ZHUH QRW
SOD\LQJ OHDGLQJ UROH WKDQ WKH FURVVHV XVHG LQ WKLV
VWXG\ 5HVXOWV PDWFKHG ZLWK >@ 7KH
GLUHFWLRQ RI KHWHURVLV IRU WKH WUDLW URRW OHQJWK ZDV
VLJQLILFDQW DQG QHJDWLYH LQ ILYH FURVVHV VLJQLILFDQW
DQGSRVLWLYHLQRQHRXWRIWZHQW\IRXUFURVVHV7KH
PDJQLWXGH RI KHWHURVLV ZDV KLJKO\ VLJQLILFDQW DQG
QHJDWLYH LQ WHQ FURVVHV RXW RI WZHQW\ IRXU 7KH
KHWHURWLFHIIHFWRIRQO\WZRFURVVHVZDVSRVLWLYHDQG
VLJQLILFDQW DQG RQO\ WZR KDG SRVLWLYH DQG XVHIXO
KHWHURVLVZKHQFRPSDUHGZLWKFRPPHUFLDOK\EULGV
7ZR FRPPHUFLDO K\EULGV ZHUH XVHG DV D
VWDQGDUGIRUWKHHVWLPDWLRQRIXVHIXOKHWHURVLV:KHQ
FRPSDUHG ZLWK FRPPHUFLDO K\EULGV RQO\ WKUHH
FURVVHV KDG SRVLWLYH YDOXH ZKLOH DOO RWKHUV KDG
QHJDWLYH7KHKLJKKHWHURWLFHIIHFWVVKRZHGWKDWWKLV
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PDWHULDOFDQEHXVHGIRUIXUWKHUVWXGLHV7KHHVWLPDWH
RIKHWHURVLVIRUIUHVKVKRRWZHLJKWUHYHDOHGWKDWVL[
FURVVHV KDG SRVLWLYH DQG VLJQLILFDQW KHWHURVLV ,W
PHDQWWKDWWKHVHFURVVHVKDGLQFUHDVHGSHUIRUPDQFH
WKDQWKHLUSDUHQWVDQGKDGSRWHQWLDOWREHH[SORLWHG
LQK\EULGL]DWLRQ3HUFHQWLQFUHDVHRUGHFUHDVHRI)¶V
RYHUSDUHQWDOPHDQV 7DEOH LQGLFDWHGWKDWWZRRXW
RIWZHQW\IRXUK\EULGVVKRZHGLQFUHDVHGIUHVKURRW
ZHLJKWRYHUWKHLUUHVSHFWLYHPLGSDUHQWV+HWHURVLV
DQG XVHIXO KHWHURVLV KDG SRVLWLYH DQG VLJQLILFDQW
YDOXHV LQ WKUHH DQG QLQH FURVVHV UHVSHFWLYHO\
LQGLFDWLQJ LPSRUWDQFH RI WKHVH FURVVHV WR JHW
LQFUHDVHGIUHVKURRWZHLJKW
7KH KHULWDEOH YDULDWLRQ VXJJHVWV WKDW
LPSURYHPHQW LQ VHHGOLQJ WUDLWV FRQWULEXWLQJ WR
VHHGOLQJ YLJRU LV SRVVLEOH WKURXJK EUHHGLQJ 7KH
SRVLWLYH KHWHURVLV H[KLELWHG WKH GRPLQDQFH DQG
HSLVWDVLV ZKLFK VXJJHVWHG WKDW EUHHGLQJ IRU K\EULG
VHHG FRXOG EH IUXLWIXO 7KH REWDLQHG JHQHWLF
YDULDWLRQVDUHLQOLQHZLWKWKHHDUOLHUILQGLQJVRI>
@
$ QHJDWLYH EXW VLJQLILFDQW WUHQG LQ KHWHURVLV
ZDVREVHUYHGGXULQJWKLVVWXG\7KHSHUIRUPDQFHRI
DOO WUDLWV ZDV VLJQLILFDQW LQ FURVV (DUO\ NLQJ î 7
LPSURYHG H[FHSW JHUPLQDWLRQ SHUFHQWDJH 7KLV
VXEVWDQWLDO IXQFWLRQLQJ RI WKHVH FURVVHV FDQ EH
H[SORLWHGIXUWKHULQEUHHGLQJSURJUDPWRKDYHQRYHO
FXOWLYDUV7KUHHRIWKHSDUHQWV (DUO\.LQJ0RQH\
PDNHU7LPSURYHG FRQVLVWHQWO\SHUIRUPHGZHOOLQ
DOPRVWDOORIWKHFURVVHVZKLFKLQGLFDWHVWKDWWKHVH
SDUHQWVFDQKDYHDJRRGEUHHGLQJYDOXHIRUJHQHUDO
FRPELQLQJ DELOLW\ RI VHHGOLQJ YLJRU WUDLWV 7KHVH
VWXGLHV DOVR HQDEOH XV WR KLJKOLJKW EHVW FURVVHV IRU
PRVWRIWKHWUDLWVWKDWZHUH(DUO\NLQJî7LPSURYHG
77î7LPSURYHG7LWDQRî0RQH\PDNHU7
LPSURYHGî0RQH\PDNHU7KLVJLYHVDSDWKZD\WR
EUHHGHUV DQG IXUWKHU LQYHVWLJDWLRQ ZRXOG HQDEOH
WKHP WR GHFODUH WKHVH FURVVHV DV QHZ K\EULG LQ
3DNLVWDQ


$&.12:/('*(0(176

7KHDXWKRUVH[WHQGWKHLUDSSUHFLDWLRQWRWKHWR
WKH'HDQVKLSRI6FLHQWLILF5HVHDUFKDW.LQJ.KDOLG
8QLYHUVLW\ IRU IXQGLQJ WKLV ZRUN WKURXJK *HQHUDO
5HVHDUFK SURMHFW XQGHUJUDQW QXPEHU 5*3
  DQG 5HVHDUFK &HQWHU IRU $GYDQFHG
0DWHULDOV 6FLHQFH .LQJ .KDOLG 8QLYHUVLW\ 6DXGL
$UDELDIRUVXSSRUW


5()(5(1&(6

>@ )RQVFFD6DQG3DWWHUVRQ)/  +\EULG
YLJRULQVHYHQSDUHQWGLDOOHOFURVVHVLQFRPPRQ
ZKHDW Triticum aestivum/ &URS6FL
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models are important supplements to logging reservoir evaluation following clastic rocks and carbonate
rocks [1,2]. The logging interpretation of fractures in
volcanic reservoirs mainly includes two aspects:
identification of fracture zones and quantitative calculation of fracture parameters in reservoirs [3]. In
the logging interpretation of reservoir fracture identification,in addition to the conventional evaluation
methods, there are also artificial neural network
method, grey system theory method, fractal geometry method, etc [4-6]. At present, it is generally believed that the development degree of fractures has
an important impact on reservoir reconstruction and
oil and gas accumulation. Fractures can not only
communicate different fracture cavity bodies, but
more importantly, the fracture surface is also the
place where carbonate karst erosion begins [7]. Seismic identifiable fractures are the comprehensive reflection of fracture development zone, and there are
often a large number of dissolution holes and holes
[8]. Therefore, accurate and reliable fracture prediction may be the key to break the development bottleneck.
Scholars at home and abroad have carried out
research on reservoir fracture identification by using
conventional logging and imaging logging techniques. Aguilera et al [9-11]. have carried out indepth research on fractured reservoirs, providing a
strong theoretical basis and technical support for the
identification of reservoir fractures. Gao et al [12].
combined the formation micro resistivity scanning
logging with artificial neural network technology,
and the reservoir fracture of an oil field was identified and analyzed. Deng et al [13]. studied fractures
in carbonate reservoirs by comparing core observation and imaging data with conventional well logs,
and summarized the response characteristics of several conventional well logs in fracture development
sections. Based on the conventional logging data,
Tang et al [14]. identified and predicted the fractures
in carbonate reservoirs by establishing fracture probability models. Ahmed et al [15]. used fuzzy arrangement and artificial neural network to calculate and
studied the porosity of natural fractures, and carried

ABSTRACT
The main reservoir space and seepage channel
of volcanic reservoir are fractures and dissolution
holes. The heterogeneity of the reservoir makes the
logging interpretation more complex than that of
clastic and carbonate reservoirs. In view of the difficulties faced by the well logging interpretation of
volcanic reservoirs, this paper use the point-by-point
detection method of pattern discrimination in the
identification and prediction of volcanic reservoir
fracture. Combined with the logging, seismicand
production performance data of the actual area, the
well fracture imaging is drawn, and the relationship
between fracture development and curve characteristics is studied. The research results shows that the
pattern discrimination point by point detection
method is used to identify and predict fractures.
Compared with the conventional method of seismic
prediction, the accuracy has been greatly improved.
The prediction results are in line with the law of volcanic fracture development. The comparison of interpretation results and imaging data shows that the
prediction accuracy is more than 78%. The pattern
recognition method breaks through the problem of
difficult prediction of micro fractures. The result of
single well fracture identification is acted on, and
combined with seismic technology, the prediction of
large fracture zone is carried out from micro to
macro, which greatly improve the prediction accuracy, and also provide a reference for the identification and prediction of volcanic rock fractures in other
similar geological environments.
KEYWORDS:
Reservoir, fracture, logging interpretation, seismic prediction, identification, geological environment

INTRODUCTION
Lithologic logging identification of volcanic
reservoirs, quantitative logging evaluation of fractures, and establishment of logging interpretation
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out reservoir evaluation application in Hassi Messaoud oilfield in Algeria, and achieved good results.
The volcanic reservoirs are characterized by diverse
lithology and great variation in composition. The
main reservoir space and seepage channel are fractures and dissolution holes, and the reservoir heterogeneity is strong, which makes the logging interpretation of volcanic reservoir more complex than that
of clastic reservoir and carbonate reservoir [16-20].
For volcanic reservoir with diverse lithology and
large component change, it's a difficult problem to
improve the coincidence rate of lithology discrimination.
In the exploration and development of tight
sandstone fractured reservoirs, reservoir identification, evaluation and parameter quantitative interpretation have become one of the important research directions of scholars at home and abroad. The development degree of reservoir fractures is not only controlled by the regional tectonic stress field, but also
related to the physical properties of reservoir rocks.
Therefore, it is very necessary to establish different
identification and evaluation methods for fracture
reservoirs in different areas and lithologic strata. In
this paper, the pattern discrimination point by point
detection method is applied to the fracture identification and prediction of volcanic reservoirs. Based
on the logging, seismic and production performance
data of the actual area, the relationship between fracture development and curve characteristics is analyzed .

flushed zone, high vertical resolution, when the sidewall probe slip a fracture or crack area, cracks caused
by resistivity drop recorded by instruments [23]. Different logging values are combined to identify fractures in the form of crossplot. The following for the
formation factors FR - porosity ĳcrossplot, due to
the existence of crack resistivity is relatively lower,
FR is relatively low, in the volcanic rocks in the
lower pore interval, reflect more obvious.
Acoustic logging detects fractures. Compensated acoustic logging is less affected by the borehole. It also reflects the propagation time of the
acoustic wave over a very short longitudinal distance
near the borehole wall. If the acoustic wave propagates through a fracture or fracture area on this very
short path, the acoustic time difference will be increased. The acoustic time difference log response
curve mainly reflects the lithology and physical
properties of the reservoir and is little affected by the
formation oil and gas [24,25]. Main technical indexes of acoustic logging instrument: (a) Sound
wave source distance is 0.8m. (b) Acoustic wave
spacing is 0.15m. (c) Acoustic time difference in
standard aluminum tube is 187±2ȝs/m. (d) Compensation sound wave is 0.45m. (e) High resolution
acoustic wave is 0.15m. (f) Length of acoustic wave
probe is 2.164m.
Logging fracture interpretation method.
There are many methods for fracture interpretation
in conventional logging [26]. Different interpretation
methods should be adopted for different lithology,
different logging series and different fracture development occurrence. In this paper, the fracture interpretation model is established by using the combination of longitudinal high-resolution flushing resistivity and acoustic time difference curve, point by point
model calculation, and taking the core description
fracture results as lcarning samples and vcrification
conditions.The applied algorithm is the extension of
neural network and artificial intelligence.

MATERIALS AND METHODS
In this paper, wavelet transform, median filter
and mean filter are used to filter the conventional
logging and imaging logging data [21]. The correlation analysis between the log filtering data and fracture density is used as the selection basis of the best
filtering method to optimize the filtering method and
enhance the fracture information of the reservoir
[22]. According to the fracture response characteristics of conventional logging curves, multiple fracture
indicator curves are established, and the fractured
reservoir development section is divided according
to the change range of the fracture indicator curve.
On the basis of identifying the fracture development
section, the fracture porosity, secondary porosity,
fracture fractal dimension, fracture probability, fracture opening and other parameters are obtained by
using conventional logging data, comprehensive
analysis of various fracture parameters.

RESULTS
Overview of application areas. Well block B
is a compound oil and gas accumulation area with
rich oil and gas resources. Oil and gas reservoirs
have been found in Carboniferous, Permian, Triassic
and Jurassic strata. The Carboniferous strata are volcanic rocks. The basic volcanic lavas developed in
the overflow phase mainly include andesite, basalt,
dacite. The pyroclastic rocks of eruptive phase including volcanic breccia and tuff. According to thin
section identification and statistical analysis of core
observation data, structural fractures are mainly developed in well block B, and the occurrence is
mainly high angle oblique fracture. The reservoir

Detection of cracks by flushing belt resistivity. Flushed zone resistivity logging curve can be obtained, by focusing on the sidewall of microelectrode,
microspheres or lateral measuring instruments, the
detection is around the borehole wall of mud filtrate
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type belongs to fracture matrixdual medium reservoir. The research degree of fractures directly affects
the next development plan. Only a few scismic slices
and coherent bodies are used to product the structural
fractures in the study area. The identification of large
fracture bands is fuzzy, and only a few imaging fracture data are used as support for single well fractures.
There is no clear understanding of the fracture direction and angle in the study area.

is the pattern discrimination point-by-point detection
method, which firstly establishes the mathematical
relationship between fracture zone and logging response to identify fractures.
Characteristics of cores and imaging fractures in Carboniferous reservoir. As shown in Figure 1, the Carboniferous reservoir fractures in well
block B are well developed, which are mainly developed in basalt and andesite. The oblique fractures are
mainly developed in the area. Most fractures are
filled or semi filled by calcite and zeolite, and the
types are mainly structural fractures, others include
dissolution joints, layered joint joints, micro-cracks,
etc. By October 2019, data have been obtained from
8 coring wells with a total footage of 112.74m, harvested core length of 102.00m, oil-bearing core
length of 81.90m, and core assay analysis data of 6
items of 376 pieces.
According to the core description data, the majority of the core fracture length is 7cm~10cm, followed by fractures less than 7cm and 10cm~40cm,
as shown in Figure 2. The core observation showed
that the macroscopic fracture widths of the target
segment in the study area were mainly distributed
between 1mm~5mm and 0.1mm~1mm.
The logging curves used in the single well in
the project mainly include: natural gamma ray, natural potential, well diameter, deep and shallow resistivity, flushing resistivity, acoustic time difference,
neutron, density, etc. Through the analysis of the
characteristics of the fracture development section
logging curve, the acoustic time difference and
flushing charge resistivity logging are used to identify fractures in the study area,the results are good.
The main fracture development patterns in this area
are determined by using the vertical high-resolution
microsphere focusing resistivity and acoustic time
difference logging response curves. By statistical
core and imaging logging fracture curve development pattern,and the fracture development positions
are identified by combining the development characteristics of fractures with different occurrence.

Difficulties in crack identification. (1) The
complexity of the fracture itself, such as the size of
the fracture is different, the distribution is uneven,
the development degree and occurrence of the fracture are different, there are various fillings in the
fracture, and the volume of the fracture is much
smaller than that of the rock base block. (2) The
measurement results of each logging method are the
results of the comprehensive influence of some
physical properties of various media (rock base
block, fracture, fluid, borehole,etc.) within the detection range of logging tools. However, the influence
of fractures on the physical properties of rocks is not
enough to change the physical propertics of rocks
obviously,which often makes it difficult to identify
fractures with single or few logging parameters.
(3)The measured value of each logging method is
also influenced by lithology, borehole, fluid properties, depth of mud invasion and other factors.
Therefore, various logging parameters should
be used to interpret fractures, and new interpretation
methods should be sought to improve the resolution
and interprctation accuracy. Conventional fracture
identification methods include intuitive qualitative
identification and quantitative identification. Intuitive qualitative identification can give the approximate location of fracture zones, but to a large extent,
the accuracy of this method depends on the experience of researchers and the amount of data available.
Quantitative identification methods include pattern
recognition method, fracture exponential curve
method and comprehensive fracture probability
method. The pattern recognition method in this study

FIGURE 1
Core fracture and imaging fracture photos of target interval
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FIGURE 2
Core fracture length and width distribution of target interval

FIGURE 3
The correlation analysis diagram between the fracture density of Well B and the filtered data
median filtering will directly affect the filtering effect. The decomposition scale L of wavelet transform
also affects the filtering effect. Figure 3 shows the
correlation analysis diagram between the fracture
density of Well B and the filtered data.
It can be seen from the figure that when the
number of data in the mean filtering window is 60,
the correlation between crack density and filtered
data is the best. When the number of data in the median filtering window is 100, the correlation between
crack density and filtering data is the best.When the

Image filtering processing of logging data.
Based on FMI imaging logging data, the purpose is
to enhance fracture information and improve fracture
identification accuracy. The conductivity data of
Well B was filtered by means of wavelet transform,
median filter and mean filter, and the filtered conductivity data was again transformed into a graph to
identify fractures. Finally, the conductivity imaging
of the filter is compared with that of the FMI logging
imaging.In various filtering processes, the number of
data n in the filtering window of mean filtering and
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scale of decomposition and reconstruction of wavelet transform is 5, the correlation between crack density and filtered data is the best. Based on the selection of the best filtering window for each filtering
method, the filtering quality of different filtering
methods is evaluated, and then the best filtering
method is selected. It can be seen from the results
that the correlation analysis value between the filtering data of the median filtering method and the fracture density is the highest, followed by the mean filtering method, and the correlation analysis value between the filtering data of the wavelet transform filtering method and the fracture density is the lowest.

matrix of imaging logging. Read into the imaging
logging resistivity data matrix, which has n rows
×192 columns. The n value depends on the measured
well depth and sampling interval. Threshold values
are selected to distinguish between the resistivity of
each point in the matrix, the low resistivity response
of mud filling pores, and the high resistivity response
of materials such as tight rock blocks. The low-resistance region was identified, and the neighborhood
point search model was established to search the
low-resistance response range. To evaluate the fracture development, that is, to calculate the proportion
of the low resistivity response range.
Compared with the upper and lower adjacent
points, the logging curve sampling points can be divided into four modes: concave, convex, skimming,
and downstroke, as shown in Figure 4.
In the model comparison, 16 combined network node diagrams will appear in the two curves to
represent the combination of models, as shown in
Figure 5 and Figure 6. Under the influence of geological conditions, the combination models of fracture development sections in different regions will
vary. Therefore, it is necessary to judge whether
there are cracks in the target sampling point through
the calculation of nodes. According to the actual imaging well data, the main fracture development pattern is 4,12,13, and the corresponding curve features
increase in acoustic time difference, and decrease or
increase in flushing zone resistivity.
On the basis of above the curve and law of fracture development, follow the fracture interpretation
process. Using 6 drilling coring wells and 4 wells in
the imaging logging data as learning wells, the fracture interpretation standard was established, and the
remaining 2 coring wells were used as verification
wells for repeated verification. Finally, a point-bypoint detection interpretation model for fracture pattern discrimination was established.

Establishment of single well fracture logging
interpretation model. For sedimentary rocks, the
problem of porosity and mineral volume content can
be solved by establishing single mineral model or
dual mineral model, and using one or two logging
responses. For complex volcanic reservoir, due to the
complex varicty of minerals and the large number of
mineral components, people often directly use rocks
as components to establish volume models.
The total porosity of rocks is equivalent to the
geological structure model composed of matrix
pores, pore pores and fracture pores. Pores are usually distributed in a scattered manner in a rock block.
When there are no fractures to communicate with
each other, pores can also be communicated by matrix pores. Therefore, the total pore volume of a rock
consists of three parts: matrix pore volume several,
fracture pore volume nine, and pore volume several.
Matrix porosity, fracture porosity, cavern porosity,
and total porosity are used to quantitatively describe
the pore characteristics of this multimedium within
the volcanic reservoir.
Total porosity is calculated using density logging, neutron logging, or two crosscutting logging
techniques. The fracture development is identified
and evaluated by directly studying the sampling data

FIGURE 4
Typical pattern of logging curve sampling points
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Crack identification at different angles. On
the basis of pattern recognition, the logging response
characteristics of different occurrence fractures, high
Angle fractures and low Angle fractures are analyzed.
Conventional logging response characteristics of
low-angle fractures (0~40°) and high-angle fractures
(40~90°) are different, so fractures are divided into
two groups and identified respectively.
The deep and shallow lateral resistivity of the
high Angle fracture segment presents positive anomaly (deep resistivity > shallow resistivity), and the
flushing zone has zigzag decrease in resistivity, decrease in density and increase in neutrons. There is
little or no difference in the depth lateral resistivity
of the low-angle fracture section, and the resistivity
of the flushing zone increases slightly, and drops in
a zigzag pattern as shown in Figure 7.
By counting the curve characteristics of high
angle fractures and low angle fractures, the identification criteria of the two types of fractures are determined as shown in Figure 8. In which, the high angle
fracture is RT-RI > 56.56×(RT/RI) - 49.97, and low
angle fracture is log10(RXO) > 2.24×(RT/RI)-1.75.
Verification of fracture interpretation results.
Using the fracture logging interpretation model, after
the depth points conforming to the fracture development pattern were identified, the development depth
of the two groups of fractures was determined according to the curve development characteristics of
different occurrence fractures. The fracture interpretation of 7 imaging logging data wells was completed, and the interpretation results were compared
with the imaging, as shown in Figure 9. On the basis
of the establishment of the interpretation model, the
anastomosis rate analysis of the cracks was carried
out, and the consensus was that 2,242 cracks were
identified, and 1,807 were verified by imaging, with
a total anastomosis rate of 80.6%, as shown in Table
1. The interpretation anastomosis effect was good.
The method of fracture interpretation parameters has
been applied to complete the fracture interpretation

of 22 wells in the work area.

FIGURE 5
Theoretical model combination diagram of fracture development

FIGURE 6
Node of pattern combination network for fracture development

FIGURE 7
Logging characteristics of high and low angle fractures
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FIGURE 8
High and low angle fracture identification map layout

FIGURE 9
Comparison of fracture and core interpretation and imaging analysis results
TABLE 1
Comparison of fracture interpretation with core and imaging analysis results
Well position
Number of matches
Total crack explained
1
2
3
4
5
6
7
Total

H172
JL115
JL121
JL122
JL123
JL124
JL127

362
197
292
271
75
203
407
1807
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415
231
342
363
105
245
541
2242
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[10] Grechishnikova, A. (2018) Microseismic monitoring in unconventional reservoirs: are natural
fractures hiding in plain sight?. First Break.
36(4), 26-35.
[11] Jacobi, D. (2016) Unveiling the fluid history of
unconventional reservoirs via diagenetic fracture-fill studies: an example from the Avalon
and Wolfcamp formations, Delaware basin.
Theoretical & Applied Genetics. 87(8), 957-964.
[12] Cai, L., Ding, D.Y., Wang, C., Wu, Y.S. (2015)
Accurate and efficient simulation of fracturematrix interaction in shale gas reservoirs.
Transport in Porous Media. 107(2), 305-320.
[13] Li, G., Guo, B., Zhang, X. (2019) Mathematical
modeling of fluid flow to radially fractured
wells in unconventional reservoirs. Journal of
Natural Gas Engineering. 3(2), 114-132.
[14] Xie, J., Huang, H., Ma, H., Zeng, B., Tang, J.,
Yu, W. (2018) Numerical investigation of effect
of natural fractures on hydraulic-fracture propagation in unconventional reservoirs. Journal of
Natural Gas Science and Engineering. 6(12),
143-153.
[15] Sun, J., Zou, A., Sotelo, E., Schechter, D. (2016)
Numerical simulation of CO2 huff-n-puff in
complex fracture networks of unconventional
liquid reservoirs. Journal of Natural Gas Science
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CONCLUSIONS
In this paper, based on conventional logging
and imaging logging data processing methods, a
widely used logging evaluation theory and data processing method for volcanic reservoir are established.
The pattern discrimination point by point detection
method is applied to the identification and prediction
of volcanic reservoir fractures. The logging, seismic
and production dynamic data are used in combination with the actual area. The relationship between
fracture development and curve characteristics is
studied. The main conclusions are as follows: (1)
Volcanic reservoir is a low porosity and ultra-low
permeability reservoir, fracture is an important reservoir factor,fracture identification and prediction is
the most important reservoir. The single well fracture
identification is the basis of fracture prediction accuracy. (2) The pattern recognition method was used to
study the well area, and the coincidence rate between
the results of single well fracture interpretation and
the imaging fracture was up to 80%. The single well
fracture density curve was applied, and combined
with the seismic fracture prediction results, the favorable potential area was predicted through the matrix-fracture lotus root modeling, which achieved a
high degree of success. (3) In the similar geological
environment, the vertical high-resolution microsphere focusing resistivity and acoustic time difference logging response curves are used, and the mode
discrimination point by point detection method is
adopted, which is an effective way to study the fracture development characteristics of volcanic rocks.
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16.1% sampling sites exceeding the environmental
quality standards in agricultural soils, and 82.4% are
related to the trace elements (including heavy metals), e.g. cadmium, chromium, mercury, lead, arsenic,
copper, zinc and nickel [7].
In recent years, with the development of urbanization, the population, industry, commerce and
housing in the city center were constantly moving to
the surrounding areas. In the connection between urban built-up areas and rural areas, there is a transition
zone which is different from both typical urban and
rural areas, called urban-rural fringe zone [8]. However, due to the high concentration of economy, the
high-intensity utilization of resources and the rapid
circulation of materials, the resources, environment
and ecology in the urban-rural fringe zone were facing unprecedented pressure, especially the environmental pollution [9], including the pollution from the
agricultural activities, the industrialization and the
domestic garbage.
Suzhou is a city located in the northern Anhui
province, China. During the last decades, the city has
undergone high speed of development: the GDP of
the whole city increased by 8.7% in 2019, the agriculture has increased 4.1% and the industries increased 10%, the urbanization rate has reached up to
43.96%. However, with this high speed of development, a series of environmental problems have been
caused, including the pollution of water, air and soil
[10-12]. Among these pollutions, the quality of soil
is important for Suzhou because agriculture is one of
the major industries for the city. And therefore, a series of studies related to the soil environment have
been carried out [13, 14].
In this study, a total of 124 surface soil samples
in the urban-rural fringe zone located east to the urban area of Suzhou have been collected, and the concentrations of five kinds of trace elements (Cr, Cu,
Pb, V and Zn) along with Fe and Mn have been
measured and analyzed by a series of methods, the
goals of the study include: (1) pollution assessment
of the soils by these elements and (2) identification
and quantification of the different sources responsible for their concentrations. The study can provide

ABSTRACT
Soil pollution in the urban-rural fringe zone is
of great significance in current China. In this study,
a total of 124 surface soil samples in the urban-rural
fringe zone in Suzhou, northern Anhui province,
China have been collected and measured for the concentrations of seven kinds of elements (Cr, Cu, Fe,
Mn, Pb, V and Zn), the results indicate that the elements have the following decreasing order: Fe > Mn >
V > Cr > Zn > Cu > Pb, and their mean concentrations are 27829, 564, 75.3, 59.1, 47.9, 23.5 and13.1
mg/kg, respectively. Based on the results of single
pollution, the geo-accumulation and the Nemerow
composite indexes, most of the samples show noslightly pollution. The spatial distributions of the elemental concentrations, along with statistical analyses, imply that two sources are responsible for the
elemental concentrations in the soils, the geogenic
(mainly Cr, Fe and V) and anthropogenic (mainly Pb,
Mn, Zn and Cu), and their mean contributions are
calculated to be 53.4% and 46.6%, respectively.
KEYWORDS:
Trace elements, pollution assessment, spatial distribution,
source approximation, urban-rural fringe zone

INTRODUCTION
Soil, as one of the most important resources in
the world, has played important roles for the development of human themselves and the society. However, along with the high speed of industrialization,
the soil environment has been dramatically changed,
especially during the last few decades. Therefore,
soil pollution has attracted worldwide attention in recent decades [1-5]. In China, the soil pollution is also
an important issue, as China raises 22% population
with only 7% farmlands of the world [6]. The Ministry of Environmental Protection (MEP) and the
Ministry of Land and Resources (MLR) of China
jointly conducted an extensive survey on environmental quality of soils and reported that there were
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scientific information for the management of the environment of the area.

etc.). Therefore, for this area, if the soil is polluted,
the source may be complex.
Sampling and analysis. One hundred and
twenty-four surface soil samples (< 10 cm depth) in
the area have been collected in June 2019, and the
detailed sample distributions are shown in Fig. 1.
During sampling, the environment of the surrounding area has been recorded along with its GPS information, which is important for the explanation of the
pollution. After sampling, all of the samples were
firstly dried in room temperature, and then the debris
of animals and plants were removed by hands. After
these procedures, all of the samples were parched for
24h with 80ºC in the dryer and then powdered to be
small than 200 meshes (<0.075 mm). Finally, all of
the samples (powder) have been compressed to be
tablets under the pressure of 30 t.
Elemental concentrations (including the Cr, Cu,
Fe, Mn, Pb, V and Zn) of the samples were then analyzed by the X-ray fluorescence spectrometer (Innov-X Explorer 9000 SDD, USA), and the National
standard sediment sample of China (GSS-16) have
been analyzed for calibration. Previous studies indicated that the portable XRF instrument gave excellent

MATERIALS AND METHODS
Study area. Suzhou is located in the northern
Anhui province, China, with longitude between
116°09ƍand 118°10ƍand latitude between 33°18ƍand
34°38ƍIt is with semi-humid monsoon climate and
in warm temperate zone, and the annual rainfall is
774-895 mm with mean temperature of ႏThe
city has been called as one of the China's energy base
and granary, because agriculture and coal related industries are the most import industries in the city,
which accounts for more than 60% of the economic
growth. The main crops in the area include wheat,
corn, soy-bean, cotton, potato, rapeseed, peanuts and
fruit etc. And therefore, the soil environment is important for the development of the area. The sampling sites in this study are located east to the urban
area of the city, where is a typical urban-rural fringe
zone (Fig. 1). In this area, there are not only residents,
but also agricultural production and newly established industries, as well as a large number of enterprises related to economic and trade (e.g. food processing enterprises, automobile sales enterprises,

FIGURE 1
Location of the study area and sample distributions.
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correlation with the laboratory-based reference AAS
method [15]. The relative standard derivation (RSD)
is less than 10%. All of the sample preparation and
analysis were processed in the Key Laboratory of
Mine Water Resource Utilization of Anhui Higher
Education Institute, Suzhou University, Anhui Province, China.

Table 1. It can be concluded from the table that Fe
and Mn are the most abundant elements, and the elements in this study have the following decreasing
order: Fe > Mn > V > Cr > Zn > Cu > Pb, and their
mean concentrations are 27829, 564, 75.3, 59.1, 47.9,
23.5 and13.1 mg/kg, respectively.
A large number of previous studies revealed
that the coefficient of variation (CV = standard deviation / mean) is good indicator for identifying the
types of pollution distributions. For example, the homogeneous distribution of the elemental concentration will generate a low CV (<0.10), which means
low extent of spatial variation and indicating low degree of anthropogenic contribution or single source.
However, the inhomogeneous distribution of the elemental concentration will generate a high CV (>
0.90), which means that there are some sampling
sites show relative different elemental concentrations with other sites, indicating high extent of spatial variation and indicating high degree of anthropogenic contribution or multi-sources [23]. In this
study, only V has low CV (0.10), which means that
concentration of V varies slightly from area to area
and indicating that they have relatively simple and
homogeneous sources. Other elements have medium
CVs (0.11-0.42), which indicates that they have
moderate degrees of spatial variability, and indirectly suggesting the multi-source of them.
Moreover, similar to the CV, some of the previous studies revealed that the elemental concentrations of samples under the natural condition will
show normal (or log-normal) distributions, which always represent the single source of the element.
Therefore, the test of normality distribution can give
information about the distribution of the elemental
concentrations. In this study, all of the elements except for V have p-values < 0.05, indicating that they
cannot pass the normal distribution test (p-value >
0.05), and suggesting that the elements except for V
might have multi-sources.

Data treatment. All of the data were firstly
processed for basic statistical analysis by the Mystat
software, and the minimum, maximum, mean, standard deviation, coefficient of variation and the p-value
of the normal distribution test have been obtained.
After this procedure, the software Surfer has been
applied for getting the spatial distributions of the elemental concentrations. Then, a series of methods
for pollution assessment, including the single pollution index (Pi) [16], the geo-accumulation index (Igeo)
[17] and the Nemerow composite index (Ps) [18]
have been applied for the pollution assessment of the
samples. The detailed information for the calculations can be found in the following text.
Finally, some of the popularly used multivariate
statistical methods in the environmental studies (including the correlation, cluster and factor analyses),
have been applied in this study (by using Mystat
software) for getting the qualitative information
about the sources of elements. The detailed information about the parameters chosen for each analysis can be found in the following text. Lastly, the Unmix model created by the US Environmental Protection Agency (EPA) was conducted for getting the
quantitative information about the sources of the
seven elements, which have long been used for environmental studies [19-22].
RESULTS AND DISCUSSION
Elemental concentrations. The analytical results of elemental concentrations are synthesized in

TABLE 1
Descriptive statistics of elemental concentrations (mg/kg) in the soil samples.
Species
Cr
Cu
Fe
Mn
Pb
V
N of Cases
Minimum
Maximum
Arithmetic Mean
Standard Deviation
Coefficient of Variation
p-value
Mean Pi
Highest Pi
Mean Igeo
Highest Igeo
Background [24]

124
41
91
59.1
10.0
0.17
0.03
0.97
1.49
-0.65
-0.01
61

124
8
65
23.5
9.92
0.42
<0.01
1.04
2.88
-0.63
0.94
22.6

124
20925
35158
27829
3127
0.11
0.03
0.95
1.20
-0.67
-0.33
29400

3388

124
362
1352
564
115
0.20
<0.01
0.97
2.32
-0.66
0.63
583

124
7
21
13.1
2.72
0.21
0.02
0.50
0.81
-1.61
-0.89
26.0

124
53
92
75.3
7.35
0.10
0.13
0.91
1.12
-0.72
-0.43
82.4

Zn
124
31
106
47.9
12.8
0.27
<0.01
0.65
1.43
-1.26
-0.07
74.2
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Pollution assessment. As mentioned above, a
series of methods have been applied for the evaluation of elemental pollutions. In this study, three of
them have been chosen for calculation. The first one
is the single pollution index (Pi), which was defined
by: Pi = Cm/Cs, where Cm and Cs are the concentration of sample and background, respectively. In this
study, the national soil environmental background
values of China (A-layer) [24] have been chosen to
be the background, and the calculated results of Pi
values are synthesized in Table 1. Previous studies
revealed that the pollution degrees can be classified
to be three degrees: light (Pi <1), moderate (1 Pi <
3) and significant (Pi > 3) [16]. As can be seen from
the Table 1, the soils samples are moderately polluted by only Cu (with mean Pi > 1), whereas others
are light because their Pi values are < 1. However, it
is noticed from Table 1 that the highest Pi values for
all of the elements except for Pb are higher than 1,
implying that the concentrations of them vary from
area to area.
Another index, the geo-accumulation index (Igeo)
has also been applied for the pollution assessment
[17]. The calculation of Igeo is as Igeo = log2(Cm/
(1.5×Cs)). The classification of pollution degrees
based on the Igeo values can be subdivided into five
degrees: unpolluted (<0), light (0-1), moderate (1-3),
heavy (3-5) and serious (>5). The mean Igeo values of
the samples show “unpolluted” characters for all of
the elements (Igeo < 0), whereas some of the elements
(Cu and Mn) have the highest Igeo values between 0
and 1, implying that they have suffered light pollution for some of the locations.
Different with the Pi and the Igeo, another index,
the Nemerow composite index (Ps) considers all of
the elements rather than the single ones, the calculation of the Ps is as Ps = SQRT((Pim2+Pix2)/2), where
Pim and Pix are the mean and maximum of Pi values
of all elements, respectively. Based on the Ps values,
the quality of soil can also be classified to be five
grades: safety (<0.7), precaution (0.7-1.0), slightly
polluted (1-2), moderately polluted (2-3) and seriously polluted (>3) [18]. In this study, the calculated
Ps values for all of the samples range from 0.72 to
2.16 (mean = 1.05). Among them, 72, 50 and 2 are
classified to be precaution, slightly and moderately
polluted, which account for 58.1%, 40.3% and 1.6%,
respectively.

distribution of the Cr in the area might be related to
the natural condition or, the agriculture activities (e.g.
the weathering of agricultural film) [25]. However,
in consideration with the truth that other areas are
also with planting, but there are no significant high
concentrations of Cr in these areas, the influence of
agriculture is therefore, can be ruled out. A similar
conclusion can also be archived for Fe, as the distribution of Fe is relatively random, that’s because
most of the iron in the soil is considered to be originated from natural weathering process, except for the
existence of iron ore or iron related industry.
The areas with high Cu concentrations are different with the surface distribution of Cr, but they are
concentrated like “points”. When comparison with
the actual field situation, the most significant ones
(in the center-left of the study area) are located near
the intersection of the roads. It can also be obtained
from the distributions of Mn, Pb and Zn that all of
them have a similar high concentration area. Therefore, the area located in the center of the study area
with high concentrations of Cu, Mn, Pb and Zn
might be related to the transportation or, the high
density of human living activities (e.g. domestic garbage). As regard to Pb, except for the center area like
Cu, there are other three areas with high concentrations: the west, south and north ones. In comparison
with the actual field situation, the other two areas
(except for the center one) are also characterized by
high density of transportation because both of them
are parking lot or driving school. There are also three
high Zn concentrations areas can be found, and all of
them are similar to the distribution of Pb, which suggests that Pb and Zn might have similar source.
Source identification. The relationship between different elements is useful for getting the information about their sources, because elements with
similar source always show close relationships [26].
The results of the correlation analysis are shown in
the Table 2. As can be seen from the table, close relationships (r> ra=0.231, a=0.01, n=124) have been
identified between most of the elements: e.g. Cr-Cu,
Cr-Fe, Cr-V, Cr-Zn, Cu-Fe, Cu-Mn, Cu-Pb et al.
Such results suggest that these elemental pairs might
have similar sources or, have been affected by similar factors.
Cluster analysis comprises of a series of multivariate methods which are used to find true groups
of data or stations. In clustering, the objects are
grouped and similar objects fall into the same class.
The method has long been used for environmental
studies [27]. In this study, the hierarchical R-mode
cluster analysis has been applied to the data, and the
“Ward” linkage and the “Pearson” distance have
been chosen for calculation, and the results are
shown in Fig. 3 as a dendrogram. As can be seen
from the figure, two main groups can be identified:
Pb-Mn-Zn-Cu (Group 1) and Cr-Fe-V (Group 2),
which indicate that the elements in the similar group

Spatial distributions. The spatial distributions
of elemental concentrations can give direct information about where there are high/low concentrations. As can be seen from the contour map of the
metal concentrations in Fig. 2, one area with high Cr
concentrations is located in the south-east of the
study area. In comparison with the actual field situation (see in Fig. 1 and it can be get from the Google
satellite map with the latitude and longitude of the
study area), it can be found that the area is a farmland
with agriculture production, which indicates that the
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FIGURE 2
Spatial distributions of some elemental concentrations (unit in mg/kg).

Species
Cu
Fe
Mn
Pb
V
Zn

Cr
0.278**
0.621**
0.163
0.197*
0.351**
0.370**

TABLE 2
Results of correlation analysis.
Cu
Fe
Mn
0.411**
0.276**
0.266**
0.075
0.425**

0.317**
0.322**
0.682**
0.483**

0.351**
0.046
0.438**

Pb

V

0.210*
0.278**

0.239*

Note: ** and * mean significant at a=0.01 (r>0.231) and a=0.05 (r>0.176) levels, respectively.
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V
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TABLE 4
Results of Unmix model analysis (mg/kg).
Source 1
Source 2
Proportion 1 (%)
12.1
47.1
20.4
15.0
7.97
65.3
5840
22000
21.0
120
446
21.2
2.70
10.4
20.6
12.9
62.3
17.2
13.3
35.0
27.5

Proportion 2 (%)
79.6
34.7
79.0
78.8
79.4
82.8
72.5

strong positive loadings of Mn, and medium positive
loadings of Cu, Pb and Zn. Such results are similar
to the results obtained by correlation and cluster
analyses, and implying that the similar origin for CrFe-V and Cu-Mn-Pb-Zn, respectively. In consideration with the spatial distributions of the elemental
concentrations, as well as the ideas obtained from
their CVs and p-values, the Cr-Fe-V and Cu-Mn-PbZn elemental associations can be explained to be geogenic and anthropogenic sources, respectively.
Source quantification. The Unmix model is a
mathematical receptor model used for quantifying
the sources of contaminants contributing to sediment,
water and air samples. It based on the reducing of the
large number of variables in complex analytical data
sets to combinations of species called source types
and source contributions [19-22]. The source types
are identified by comparing them to measured profiles, whereas the source contributions are used to
determine how much each source contributed to a
sample.
Based on the calculation, two sources have been
identified and the results are listed in Table 4 and
shown in Fig. 4. These two sources have Min Rsq =
0.97 and Min Sig/Noise =2.67, higher than the minimum requirement of the model (Min Rsq > 0.8 and
Min Sig/Noise > 2), suggesting that the modeling is
efficient [30]. As can be seen from the table, the first
source is characterized by high Cu content, whereas
the second source is characterized by high contents
of other elements. In combination with the above
analyses, the source 1 with high Cu content should
be explained to be the anthropogenic source,
whereas the source 2 should be explained to be the
geogenic source. Moreover, the contribution of the
source 1 for the metal concentrations of all of the
samples range from 0 to 100% (mean = 46.6%),
whereas the source 2 contributions are 0 to 100%
(mean = 53.4%), which indicate that the anthropogenic contribution in the study area is significant.

FIGURE 3
Dendrogram of R-mode cluster analysis.
TABLE 3
Results of factor analysis.
Factors
F1
Cr
Cu
Fe
Mn
Pb
V
Zn
Eigenvalue
Variance explained

0.706
0.169
0.848
-0.025
0.171
0.869
0.324
2.135
30.5%

F2
0.255
0.668
0.383
0.789
0.592
-0.041
0.695
2.116
30.2%

might have similar sources.
Factor analysis is a commonly used statistical
method for classification, simplification of the data
and finding the most important variables in the data
set. During geochemical studies, factor analysis has
long been used for tracing elemental sources [28]. In
this study, based on the criterion of initial eigenvalue
higher than one, two factors have been obtained
based on the factor analysis (Table 3). Moreover, according to previous studies [29], factor loadings can
be classified as strong, medium and weak with values of >0.75, 0.75-0.50 and 0.50-0.30 respectively.
As can be seen from the table, the first factor, which
accounts for 30.5% of the total variance explanation,
has strong positive loadings of Fe and V, and medium loading of Cr, whereas the second factor with
30.2% of the total variance explanation, and has

CONCLUSIONS
Based on the analyses of concentrations of
seven kinds of elements, the following conclusions
have been obtained:
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(1) The elemental concentrations have the following decreasing order: Fe > Mn > V > Cr > Zn >
Cu > Pb, and their mean concentrations are 27829,
564, 75.3, 59.1, 47.9, 23.5 and13.1 mg/kg, respectively.
(2) Based on the results of single pollution, the
geo-accumulation and the Nemerow composite indexes, most of the samples show no-slightly pollution.
(3) Spatial distributions of the elemental concentrations, along with statistical analyses, imply
that two sources are responsible for the elemental
concentrations in the soils, the geogenic (mainly Cr,
Fe and V) and anthropogenic (mainly Pb, Mn, Zn
and Cu), and their mean contributions are calculated
to be 53.4% and 46.6%, respectively.
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7KHFRRUGLQDWHGGHYHORSPHQWRIUHJLRQDOHFRQ
RP\ DQG HFRORJLFDO HQYLURQPHQW KDV DOZD\V EHHQ
WKHIRFXVRIKHDOWK\DQGVXVWDLQDEOHGHYHORSPHQWRI
KXPDQ VRFLHW\ +RZHYHU UHVWULFWHG E\ DOO NLQGV RI
IDFWRUVWKHUHVHDUFKRQWKHEDODQFHRIELRVSKHUHWKH
IRXQGDWLRQ RI H[LVWHQFH DQG GHYHORSPHQW LV HVSH
FLDOO\ OLPLWHG ZKLFK PDNHV WKH XQEDODQFH RI UH
JLRQDOHFRQRPLFGHYHORSPHQWDQGHFRHQYLURQPHQW
RFFXUIUHTXHQWO\,QWKLVVWXG\WKH%3QHXUDOQHWZRUN
LVXVHGWRFRQVWUXFWWKHHYDOXDWLRQLQGH[V\VWHPIRU
HFRHQYLURQPHQWDQGVRFLDOHFRQRP\DQGDHYDOXD
WLRQPRGHOLVDOVRHVWDEOLVKHG,QZKLFKWZHQW\QLQH
LQGLFDWRUVDWWKHWKUHHOHYHOVRIUHJLRQDOQDWXUDOUH
VRXUFHV UHJLRQDO HQYLURQPHQWDO OHYHO DQG UHJLRQDO
HFRQRPLF OHYHO DUH GHWHUPLQHG 7DNLQJ =KDQMLDQJ
FLW\&KLQDDVDQH[DPSOHWKHHFRORJLFDOFDUU\LQJFD
SDFLW\LVDQDO\]HGTXDOLWDWLYHO\DQGWKHFRXSOLQJGH
JUHHEHWZHHQHFRHQYLURQPHQWV\VWHPDQGHFRQRPLF
V\VWHPLVHYDOXDWHGV\QWKHWLFDOO\7KHUHVXOWVVKRZ
WKDWWKHHYDOXDWLRQV\VWHPKDVFHUWDLQIHDVLELOLW\DQG
LVWKHEHVWLQVSHHGDQGDFFXUDF\)LQDOO\WKHSURE
OHPVRIHFRHQYLURQPHQWDQGHFRQRPLFVXVWDLQDEOH
GHYHORSPHQWLQWKLVUHJLRQDUHVXPPDUL]HGDQGFRU
UHVSRQGLQJFRXQWHUPHDVXUHVDUHSXWIRUZDUG7KHUH
VXOWVFDQSURYLGHDEDVLVIRUSODQQLQJDQGGHFLVLRQ
PDNLQJRIFRRUGLQDWHGGHYHORSPHQWRIHQYLURQPHQW
SURWHFWLRQDQGHFRQRP\



FDQWO\>@,WLVSUHGLFWHGWKDWLIZHGRQRWSD\DW
WHQWLRQ WR WKH FRRUGLQDWLRQ EHWZHHQ UHJLRQDO HFR
QRPLFGHYHORSPHQWDQGHFRHQYLURQPHQW%\
WKHGHVWUXFWLRQLQGH[RIHFRHQYLURQPHQWZLOOEH
WLPHVDVPXFKDVWRGD\>@7KHUHIRUHWKHDFDGHPLF
FLUFOHVSXWIRUZDUGWKHPRGHORIVXVWDLQDEOHGHYHO
RSPHQW ZKLFK LV WKH UHVXOW RI WKH FRPSUHKHQVLYH
VXPPDU\RIKXPDQGHYHORSPHQWDQGWKHUHH[DPL
QDWLRQRILWVVRFLRHFRQRPLFEHKDYLRU>@$WSUH
VHQW WKH HFRORJLFDO FULVLV KDV EHFRPH WKH IRFXV RI
PHGLDDWWHQWLRQEHFDXVHWKHSUREOHPVRIKXPDQUH
VRXUFHDQGHQYLURQPHQWDOGHYHORSPHQWDUHPRUHVH
ULRXVWKDQHYHU>@7KHHFRORJLFDOSUREOHPLVD
VHULRXVWKUHDWWRWKHVXUYLYDORIKXPDQEHLQJV,QRU
GHUWRFRRUGLQDWHWKHKHDOWK\DQGVXVWDLQDEOHGHYHO
RSPHQWRIVRFLHW\DQGHFRQRP\LWLVSDUWLFXODUO\XU
JHQWDQGYLWDOWRWDNHWKHURDGRIHFRORJLFDOFRQVWUXF
WLRQDQGSURWHFWWKHHFRHQYLURQPHQW>@
*UHHQ HFRQRP\ KDV EHFRPH D QHZ WUHQG IRU
PDQ\ FRXQWULHV WR LPSOHPHQW VXVWDLQDEOH GHYHORS
PHQW6DNDZDHWDO>@DUJXHGWKDWXQGHUWKHFRQ
VWUDLQWV RI HFRORJLFDO UHVRXUFHV VXVWDLQDEOH HFR
QRPLFJURZWKGHSHQGVRQLQFUHDVLQJSK\VLFDOFDSLWDO
DQGUHGXFLQJLQYHVWPHQWLQSROOXWLQJDFWLYLWLHV*UD
GXVHWDO>@FRQVLGHUHGWKHLPSDFWRIHQYLURQPHQ
WDOSROOXWLRQRQHFRQRPLFJURZWK7KHLQIOXHQFHRI
HQYLURQPHQWRQWKHFKRLFHRIRSWLPDOWHFKQRORJ\RI
SROOXWLRQFRQWURODQGORQJWHUPHFRQRPLFJURZWKDUH
VWXGLHG7DNLQJUHVRXUFHV DV LQSXW FDSLWDO(QJODQG
HWDO>@EXLOWDPRGHODQGFRQFOXGHGWKDWSURWHFW
LQJQDWXUDOFDSLWDOUHGXFLQJWKHJURZWKUDWHRISRS
XODWLRQ DQG WHFKQRORJLFDO SURJUHVV FRXOG PDLQWDLQ
WKHFRQWLQXRXVJURZWKRIHFRQRPLFRXWSXW%\DQD
O\]LQJWKHUHVXOWVRI6RORZ VHFRQRPLFJURZWKPRGHO
%URFNHWDO>@EHOLHYHGWKDWXQGHUWKHFRQGLWLRQ
RIH[RJHQRXVWHFKQRORJLFDOSURJUHVVHQYLURQPHQWDO
SROOXWLRQ HPLVVLRQV ZRXOG DOVR GHFOLQH DORQJ ZLWK
WKHSROOXWLRQUHGXFWLRQSURFHVVDQGWKHUHZDVDQLQ
YHUWHG 8W\SH UHODWLRQVKLS EHWZHHQ HQYLURQPHQWDO
TXDOLW\ DQG HFRQRPLF LQFRPH ,ZDWD HW DO >@
IRXQG WKDW WKH UHODWLRQVKLS EHWZHHQ VXOIXU GLR[LGH
DQGQLWURJHQGLR[LGHHPLVVLRQVDQGSHUFDSLWD*'3
FRQIRUPVWRWKHLQYHUWHG8W\SHK\SRWKHVLV<DQJHW
DO>@UHJDUGHGUHJLRQDOHQYLURQPHQWDOFDUU\LQJFD
SDFLW\DVDUHSUHVHQWDWLRQRIWKHVWUXFWXUHRIUHJLRQDO
HFRHQYLURQPHQWV\VWHPDQGWKHVXLWDELOLW\GHJUHHRI
UHJLRQDOVRFLDOHFRQRPLFDFWLYLWLHV+XHWDO>@EH
OLHYHGWKDWWKHFRPSUHKHQVLYHGHYHORSPHQWOHYHORI

.(<:25'6
(FRHQYLURQPHQWVXVWDLQDEOHGHYHORSPHQWELRVSKHUH%3
QHXUDOQHWZRUNQDWXUDOUHVRXUFHVHFRORJLFDOFDUU\LQJFD
SDFLW\



,1752'8&7,21

+LJK HFRQRPLF JURZWK DQG FRQWLQXRXVO\ LP
SURYHWKHTXDOLW\RIQDWLRQDOOLIHEXWDOVRZLWKHQYL
URQPHQWDO UHVRXUFHV FRQVXPSWLRQ VKDUSO\ >@
(YHQVRPHFRXQWULHVRUUHJLRQVLQRUGHUWRPDLQWDLQ
RQHVLGHG KLJK HFRQRPLF JURZWK EXW LJQRUHG WKH
SURWHFWLRQ RI HFRHQYLURQPHQW DQG VXVWDLQDEOH GH
YHORSPHQWOHDGWRGHVWUXFWLRQRIHFRHQYLURQPHQW
UHVRXUFHVDQGHQYLURQPHQWTXDOLW\GURSSHGVLJQLIL
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HDFK VXEV\VWHP RI HFRQRPLF JURZWK DQGHFRHQYL
URQPHQW FKDQJHV VLJQLILFDQWO\ /LX HW DO >@
VWXGLHGWKHUHODWLRQVKLSEHWZHHQWKHHQYLURQPHQWDO
(.&FXUYHDQGWKHWHPSRUDOVSDWLDOGHSHQGHQFHRI
SROOXWLRQHPLVVLRQV6XQHWDO>@IRXQGWKDWWKHHQ
YLURQPHQWDO SROOXWLRQ LQ -LDQJVX SURYLQFH DQG WKH
ZKROHFRXQWU\ZDV1W\SHUDWKHUWKDQDW\SLFDOLQ
YHUWHG8W\SH
=KDQMLDQJ FLW\ LVRQHRI WKHILUVWSURYLQFHV WR
GHYHORS D JUHHQ HFRQRP\ ZKLFK KDV JRRG QDWXUDO
FRQGLWLRQVGLYHUVHHFRV\VWHPVDQGH[FHOOHQWQDWXUDO
DQGUHQHZDEOHUHVRXUFHV>@6LQFHWKHQLQWKILYH
\HDUSODQ&KLQDKDVLPSOHPHQWHGDORQJWHUPVXV
WDLQDEOH GHYHORSPHQW VWUDWHJ\7KH ZRUN UHODWHG WR
HFRORJLFDO FRQVWUXFWLRQ DQG HQYLURQPHQWDO SURWHF
WLRQKDVEHHQGHHSHQHGLQDQDOOURXQGZD\HFRORJ
LFDOFRQVWUXFWLRQDQGHFRORJLFDOHFRQRPLFGHYHORS
PHQW KDYH EHHQ YLJRURXVO\ FDUULHG RXW LQ YDULRXV
SODFHV DQG D ODUJH QXPEHU RI XVHIXO VWXGLHV KDYH
EHHQFDUULHGRXW>@+RZHYHUGXHWRWKHORQJ
WHUPLQIOXHQFHRIPDQ\IDFWRUV=KDQMLDQJ VFXUUHQW
HFRHFRQRPLF GHYHORSPHQW OHYHO LV QRW KLJK SHU
FDSLWDVKDUHRIHFRHQYLURQPHQWUHVRXUFHVLVVPDOO
HFRORJLFDOFDUU\LQJFDSDFLW\LVUHODWLYHO\ZHDN(FR
ORJLFDOGHVWUXFWLRQDQGVRLOHURVLRQVWLOOH[LVWLQHYHU\
FLW\DQGWKHUHDUHJUHDWGLIIHUHQFHVLQWKHGHYHORS
PHQWRIHFRORJLFDOHFRQRP\)URPWKHEDVLFSRLQWRI
YLHZRIJUHHQHFRQRP\FRPELQLQJZLWKWKHPDUNHW
FRQGLWLRQVRI=KDQMLDQJFLW\VWUHQJWKHQLQJWKHFRQ
VWUXFWLRQRIHFRHQYLURQPHQWDQGWKHGHYHORSPHQWRI
JUHHQHFRQRP\LVLQOLQHZLWKWKHVXVWDLQDEOHGHYHO
RSPHQWVWUDWHJ\RI=KDQMLDQJFLW\$WSUHVHQWWKHDV
VHVVPHQW RI UHJLRQDO HFRHFRQRPLF VXVWDLQDEOH GH
YHORSPHQWLVVWLOODWWKHLQLWLDOVWDJHDQGWKHUHLVQR
V\VWHPDWLFWKHRU\DQGPHWKRGZKLFKFDQQRWPHHW
WKH UHTXLUHPHQWV RI VXVWDLQDEOH GHYHORSPHQW SUDF
WLFH7KHUHIRUHWKLVVWXG\KDVFHUWDLQWKHRUHWLFDODQG
SUDFWLFDOVLJQLILFDQFH


0$7(5,$/6$1'0(7+2'6

,Q WKLV VWXG\ IURP WKH WKHRU\ DQG GHPRQVWUD
WLRQ WKH HFRHQYLURQPHQW FRQVWUXFWLRQ DQG HFR
QRPLFFRRUGLQDWLRQGHJUHHDQGFRRUGLQDWHGGHYHORS
PHQW GHJUHH ZHUH HYDOXDWHG FRPSUHKHQVLYHO\ 7KH
HYDOXDWLRQ PRGHO RI HFRORJLFDO FDUU\LQJ FDSDFLW\
ZDVXVHGWRDQDO\]HWKHFXUUHQWFDUU\LQJFDSDFLW\RI
=KDQMLDQJ VHFRHQYLURQPHQWDQGWKHQWKHFRRUGLQD
WLRQGHJUHHEHWZHHQHFRHQYLURQPHQWDQGHFRQRPLF
GHYHORSPHQWZDVVWXGLHG&RPELQHGZLWKWKHHPSLU
LFDO DQDO\VLV RI =KDQMLDQJ V FRRUGLQDWHG GHYHORS
PHQWRIHQYLURQPHQWDQGHFRQRP\DVZHOODVLWVVSD
WLDODQGWHPSRUDOHYROXWLRQILQDOO\=KDQMLDQJ VVSH
FLILFVXJJHVWLRQVDQGFRXQWHUPHDVXUHVIRUHFRHQYL
URQPHQWFRQVWUXFWLRQDQGFRRUGLQDWHGGHYHORSPHQW
RIHFRQRP\ZHUHSXWIRUZDUGDLPLQJWRSURYLGHD
EDVLV IRU SODQQLQJ DQG GHFLVLRQPDNLQJ RI FRRUGL
QDWHG GHYHORSPHQW RI HQYLURQPHQW SURWHFWLRQ DQG
HFRQRP\

'DWD SUHSDUDWLRQ 7KH ILUVW DQG QHFHVVDU\
PRGHOLQJPHWKRGRI%3QHXUDOQHWZRUNLVWRKDYHD
VXIILFLHQWQXPEHURIVDPSOHVDQGZLWKJRRGFODVVL
ILFDWLRQDQGSUHFLVLRQ>@:KHQJURXSLQJGDWDWKH
EDODQFHEHWZHHQ VDPSOH GHVLJQVVKRXOG EHFRQVLG
HUHGDVIDUDVSRVVLEOH7HVWVDPSOHVVKDOOFRPSULVH
PRUHWKDQRIWKHWUDLQLQJVDPSOHV$QGFRQVLG
HUDWLRQVKRXOGEHJLYHQWRLQFOXGLQJWKHWHVWVDPSOHV
LQWKHHYDOXDWLRQDUHD7DNHWKHFULWLFDODQGLQWHUPH
GLDWHYDOXHVIRUHDFKLQGLFDWRUDQGHDFKOHYHO 
,QWKLVVWXG\EDVHGRQWKHGLVWULEXWLRQRIHDFK
LQGLFDWRUYDOXHLQWKHHLJKWUHJLRQVRI=KDQMLDQJFLW\
WKH0D[LPDDQG0LQLPDRIHFRV\VWHPLQGLFDWRUV
ZHUH FODVVLILHG LQWR ILYH FDWHJRULHV 7KLV FDWHJRU\
PDNHVWKHUHVXOWRIHFRORJLFDOTXDOLW\RIVPDOOWRZQV
UHODWLYHO\ JRRG DQG WKH GLIIHUHQFH RI HFRORJLFDO
TXDOLW\RIHDFKUHJLRQLVREYLRXVZKLFKLVPRUHVLJ
QLILFDQWWRWHVWWKHHFRORJLFDOTXDOLW\RIVPDOOWRZQV
5HVHDUFK VKRZV WKDW WRR IHZ WUDLQLQJ VDPSOHV ZLOO
OHDGWRORZUHOLDELOLW\RIWKHQHWZRUNPRGHODQGFDQ
QRW EH ZLGHO\ XVHG 7KHUHIRUH PHDVXUHPHQW GDWD
FDQQRWEHDFFXUDWHO\LGHQWLILHGE\DFOHDUDVVHVVPHQW
RIHQYLURQPHQWDOVWDWXV7RVROYHWKLVSUREOHPLQWKH
PRGHOZHWU\WRXVHWKH0$7/$%QRUPUQGIXQFWLRQ
WRJHQHUDWHSDUWVEHWZHHQWKHVWDQGDUGWDEOHVRIHDFK
OHYHODFFRUGLQJWRWKHQRUPDOGLVWULEXWLRQUXOHVRIWKH
DERYHGDWD([WHQGLQJWUDLQLQJVDPSOHVHWWRLPSURYH
QHWZRUNUHOLDELOLW\DQGDSSOLFDELOLW\

0RGHOLQJRI%3QHXUDOQHWZRUN,QWKHWRSRO
RJ\RIDUWLILFLDO%3QHXUDOQHWZRUNLQSXWDQGRXWSXW
OD\HUV PXVW EH VSHFLILHG VR WKH QXPEHU RI KLGGHQ
OD\HUVLVWKHNH\WRGHWHUPLQHWKHQXPEHURIQHWZRUN
OD\HUV7KH FKRLFH RIKLGGHQ OD\HU QXPEHUGLUHFWO\
DIIHFWVWKHQHWZRUNSHUIRUPDQFH7KHQXPEHURIKLG
GHQOD\HUVLQ%3DUWLILFLDOQHXUDOQHWZRUNPRGHOKDV
EHHQ VWXGLHG E\ PDQ\ VFKRODUV +HFKW HW DO >@
GHPRQVWUDWHG WKDW D KLGGHQ OD\HU QHWZRUN FDQ EH
XVHG WR DSSUR[LPDWH WKH FRQWLQXRXV IXQFWLRQ LQ D
FORVHG FRPSDUWPHQW ZKHQ HDFK QRGH KDV GLIIHUHQW
FRQVWUDLQWVZKLOHDWKUHHOD\HU%3QHWZRUNFDQFRP
SOHPHQWDQ\QWRPGLPHQVLRQDOPDSSLQJ7KHUHIRUH
,QWKLVVWXG\ZKHQHYDOXDWLQJWKHHFRHQYLURQPHQW
TXDOLW\RIVPDOOWRZQVWKH%3QHWZRUNPRGHOHVWDE
OLVKHGKDVWKUHHOD\HUVFRQVLVWLQJRILQSXWOD\HUKLG
GHQOD\HUDQGRXWSXWOD\HU
7KHQXPEHURIQRGHVLQWKHLQSXWOD\HUGHSHQGV
RQWKHDFWXDOSUREOHPWREHVROYHGE\WKHPRGHOLWVHOI
7KHQXPEHURILQGH[LQYROYHGLQWKLVVWXG\LVVR
WKH QXPEHU RI QRGHV LQ WKH LQSXW OD\HU LV  7KH
QXPEHURIQRGHVLQWKHRXWSXWOD\HULVWKHVDPHDV
WKHQXPEHURIQRGHVLQWKHLQSXWOD\HUERWKRIZKLFK
DUHFODVVLILHGDFFRUGLQJWRWKHOHYHORIWKHSUREOHP
7KHUHIRUHWKHQXPEHURIXQLWVLQWKHRXWSXWOD\HURI
%3QHWZRUNPRGHOIRUHFRHQYLURQPHQWDVVHVVPHQW
LV,Q%3QHWZRUNLWLVYHU\LPSRUWDQWWRVHOHFWWKH
QXPEHU RI KLGGHQ OD\HU QRGHV ,Q WKLV VWXG\ PRVW
VFKRODUVSURSRVHGWKH%HVW$OJRULWKPIRUWKHQXP
EHURIKLGGHQOD\HUQRGHVLQWKHJROGHQUDWLRWRGH
WHUPLQHWKHQXPEHURIKLGGHQOD\HUQRGHV%DVHGRQ
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WKHQXPEHURILQSXWDQGRXWSXWOD\HUQRGHVWKHQXP
DQGWKHWKUHVKROGLVXVHGWRFRQWUROWKHLQSXWUDQJH
EHURIFRQWUROQRGHVWKDWGHWHUPLQHWKHSHUIRUPDQFH
WR>@RQHW WUDLQ QHWSW IRUWUDLQLQJLQWKHQHW
RI WKH KLGGHQ OD\HU QHWZRUN LV  DV VKRZQ LQ
ZRUN3UHSUHVHQWVWKHWUDLQLQJVDPSOHDQGDFKLHYHV
7DEOH
WKHH[SHFWHGUHVXOW\ VLP QHWSWHVW FRPSOHWHVWKH
7HVWVXVLQJWKH11722/WRRONLWVKRZWKDWWKH
QHWZRUNVLPXODWLRQWHVWSWHVWLVWKHWHVWVDPSOH1HW
QXPEHURIKLGGHQOD\HUQRGHVLVZKLFKLVRSWLPDO
ZRUNSDWWHUQUHFRJQLWLRQWKDWLVWKHTXDOLW\OHYHORI
LQWHUPVRIVSHHGDQGDFFXUDF\6RIDUWKHQHWZRUN
WKH HFRHQYLURQPHQW LV VXSSOHPHQWHG E\ \ 
FRQILJXUDWLRQRIWKH%3QHWZRUNPRGHOXVHGWRHYDO
VLP QHW`-F] UHVXOWYDOXH\$YDOXHWKDWEHORQJVWR
XDWHWKHHFRHQYLURQPHQWTXDOLW\LVWRDQGLWV
WKHH[SHFWHGUHVXOWFRUUHVSRQGLQJWRWKHOHYHO$IWHU
WRSRORJ\LVVKRZQLQ)LJXUH
QHWZRUN WUDLQLQJ DQG YHULILFDWLRQ WKH TXDOLW\ IURP
$FFRUGLQJ WR WKH QHXUDO QHWZRUN VWUXFWXUH
LQSXWOD\HUWRKLGGHQOD\HUDQGIURPKLGGHQOD\HUWR
WUDQVIHUIXQFWLRQDQGSDUDPHWHUVHWWLQJWKHUHJLRQDO
RXWSXW OD\HU FDQ EH REWDLQHG LQ DFFHSWDEOH HUURU
HQYLURQPHQWDO TXDOLW\ DVVHVVPHQW PRGHO ZDV
UDQJHE\QHWZRUNWUDLQLQJ7KHWRWDOTXDOLW\LVGHWHU
FKHFNHGDQGWHVWHG7KHZHLJKWOHDUQLQJSURFHVVIRU
PLQHGE\WKHZHLJKWVIURPWKHLQSXWOD\HUWRWKHKLG
WKHDUWLILFLDO%3QHXUDOQHWZRUNLVVKRZQLQ)LJXUH
GHQ OD\HU DQG IURP WKH KLGGHQ OD\HU WR WKH RXWSXW
7KH PDLQ XVH RI WKH IROORZLQJ SURFHGXUHV LQ
OD\HU 
0$7/$%QHW QHZII WKUHVKROG>@^ WDQ
VLJ  ORJVLJ  SXUHOLQ  WUDLQJGP  OHDUQJGP ` LVXVHG

7$%/(
+LGGHQ/D\HUQRGHYHULILFDWLRQSURFHVV
1XPEHURIQRGHV                
7DUJHWHUURU



7UDLQLQJWLPHV

               

Eǁϭ͕ϭ

EǁϮ͕ϭ
ˇ

ˇ

ďϭ

ďϮ

),*85(
7RSRORJLFDOVWUXFWXUHRI%3QHWZRUNPRGHOIRUHFRHQYLURQPHQWTXDOLW\DVVHVVPHQW


),*85(
%3DUWLILFLDOQHXUDOQHWZRUNIORZ
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SURPRWLQJ HFRQRPLF FRQVWUXFWLRQ =KDQMLDQJ FLW\
KDVVWUHQJWKHQHGWKHSUHYHQWLRQDQGFRQWURORIVRLO
HURVLRQ XUEDQ JUHHQLQJ ZDWHU V\VWHP DQG IRUHVW
DQGWKHFRQVWUXFWLRQRIQDWXUHUHVHUYHVLQWKHXSSHU
UHDFKHV RI WKH<DQJW]H 5LYHU PDNLQJ WKH FDUU\LQJ
FDSDFLW\RIWKHZKROHHFRHQYLURQPHQWV\VWHPVWDUW
WR UHERXQG ,Q DGGLWLRQ WKH HFRORJLFDO IRRWSULQW RI
=KDQMLDQJ FLW\ IURP  WR  KDV EHHQ LQ WKH
VWDWHRIGHILFLWDQGULVLQJVORZO\ZKLFKLQGLFDWHVWKDW
WKH EXUGHQ RI KXPDQ SURGXFWLRQ DQG FRQVXPSWLRQ
DFWLYLWLHV LQ =KDQMLDQJ FLW\ IURP  WR  KDV
H[FHHGHGWKHVFRSHRIHFRORJLFDOVHFXULW\DQGWKHLQ
VWDELOLW\ RI WKH HFRHQYLURQPHQW V\VWHP KDV EHHQ
JUDGXDOO\LQFUHDVLQJDQGLVLQDVWDWHRIXQVXVWDLQD
EOHGHYHORSPHQW)LJXUHVKRZVWKHFKDQJHVRIHFR
ORJLFDOGHILFLWIURPWR

&RQVWUXFWLRQ RI HYDOXDWLRQ LQGH[ V\VWHP
%DVHGRQDODUJHQXPEHURIUHOHYDQWOLWHUDWXUHVLWLV
NQRZQWKDWWRHYDOXDWHWKHFXUUHQWHFRHQYLURQPHQW
V\VWHPRIDFLW\RUUHJLRQWKHH[LVWLQJHYDOXDWLRQLQ
GH[HVDUHPDLQO\VHOHFWHGIURPWKUHHDVSHFWVHQYL
URQPHQWDO SROOXWLRQ VWDWXV HQYLURQPHQWDO TXDOLW\
DQGHQYLURQPHQWDOJRYHUQDQFHVWDWXV)ROORZLQJWKH
SULQFLSOHRILQGH[FRQVWUXFWLRQDQGZLWKWKHKHOSRI
WKHH[LVWLQJLQGH[V\VWHPWKLVVWXG\PDLQO\VWDUWHG
IURPWKHLQGLFDWRUVFRYHULQJWKHFORXGDVSHFWVRIWKH
HFRHQYLURQPHQWV\VWHPDQGVHOHFWHGHLJKWLQGLFD
WRUVWRFRQGXFWDFRPSUHKHQVLYHHYDOXDWLRQRIWKHUH
JLRQDOHFRHQYLURQPHQWV\VWHP


5(68/76 

2YHUYLHZ RI WKH WDUJHW DUHD =KDQMLDQJ FLW\
OLHVWRWKHZHVWRI*XDQJGRQJNPWRWKHZHVW
IURP WKH SURYLQFLDO FDSLWDO RI *XDQJ]KRX ,W PDQ
DJHVQLQHGLVWULFWVZKLFKFRQFOXGHV&KLNDQ;LDVKDQ
3RWRX6XL[L;XZHQ/LDQMLDQJ/HL]KRX:XFKXDQ
0D]KDQJZLWKDWRWDODUHDRIVTXDUHNLORPH
WUHV=KDQMLDQJFLW\LVORFDWHGLQWKHQRUWKHUQWHPSHU
DWHPRQVRRQUHJLRQIDFLQJWKHVHDDQGWKHFRQWLQHQW
WKHFOLPDWHIRUWKHZDUPWHPSHUDWHVHPLKXPLGFRQ
WLQHQWDO FOLPDWH 7KH DQQXDO DYHUDJH WHPSHUDWXUH
ZDVԨDQGWKHH[WUHPHPLQLPXPWHPSHUDWXUH
ZDVԨ7KHDYHUDJHDQQXDOUDLQIDOOLQWKHFLW\
LV  PP )URP VRXWK WR QRUWK 7KHUH DUH ILYH
PDLQ VRLO W\SHV LQ =KDQMLDQJ FLW\ ZKLFK DUH VDOLQH
VRLOEURZQVRLODOOXYLDOVRLORUHJLQJHUEODFNVRLO
DQGFLQQDPRQVRLO=KDQMLDQJFLW\LVORFDWHGDWWKH
LQWHUVHFWLRQRIWKHVHFRQGVKLIW]RQHDQGWKHVHFRQG
GHSUHVVHG ]RQH RI WKH 1HZ &DWDORQLD LQ HDVWHUQ
&KLQD0LQHUDOUHVRXUFHVUDQNHGILUVWLQWKHSURYLQFH
,QRUGHUWRKDYHDVLPSOHDQGLQWXLWLYHXQGHU
VWDQGLQJ RI WKH VRFLRHFRQRPLF GHYHORSPHQW RI
=KDQMLDQJFLW\LQa7KHGDWDRISHUFDSLWD
*'3 SHU FDSLWD GLVSRVDEOH LQFRPH RI XUEDQ UHVL
GHQWVDQGSHUFDSLWDQHWLQFRPHRIUXUDOUHVLGHQWVLQ
=KDQMLDQJFLW\LQWKHSDVWILYH\HDUVDUHUHVSHFWLYHO\
GUDZQLQWKHIRUPRIDEURNHQOLQHJUDSKDVVKRZQ
LQ)LJXUHDQG)LJXUH
$VFDQEHVHHQIURP)LJXUH=KDQMLDQJ VSHU
FDSLWD*'3IURPWRVKRZHGDVPRRWKULV
LQJFXUYHULVLQJIURP\XDQLQWR
\XDQLQZLWKDQDYHUDJHDQQXDOJURZWKUDWHRI
DERXW$VFDQEHVHHQIURP)LJXUH=KDQ
MLDQJ V SHU FDSLWD LQFRPH OHYHO URVH VLJQLILFDQWO\
IURP  WR  %RWK WKH SHU FDSLWD GLVSRVDEOH
LQFRPHRIXUEDQUHVLGHQWVDQGWKHSHUFDSLWDQHWLQ
FRPHRIUXUDOUHVLGHQWVVKRZHGDPLOGWUHQGRIULVH
$PRQJWKHPWKHDYHUDJHDQQXDOJURZWKUDWHRISHU
FDSLWD GLVSRVDEOH LQFRPH RI XUEDQ UHVLGHQWV ZDV
DERXW  ZKLOH WKDW RI UXUDO SHU FDSLWD QHW LQ
FRPHZDVZKLFKZDVIDVWHUWKDQWKDWRIXUEDQ
UHVLGHQWV7KDWLVWRVD\WKHOLYLQJVWDQGDUGRI=KDQ
MLDQJFLW\SHRSOHKDVEHHQHIIHFWLYHO\LPSURYHGWRD
FHUWDLQH[WHQW

$QHPSLULFDODQDO\VLVRIHFRORJLFDOFDUU\LQJ
FDSDFLW\7KHSHUFDSLWDHFRORJLFDOIRRWSULQWDQGSHU
FDSLWDHFRORJLFDOFDUU\LQJFDSDFLW\RI=KDQMLDQJFLW\
IURPWRDUHVKRZQLQ)LJXUH,WFDQEH
VHHQWKDWIURPWRWKHSHUFDSLWDHFRORJL
FDOIRRWSULQWRI=KDQMLDQJFLW\SUHVHQWVDQLQFUHDVLQJ
WUHQG7KH SHU FDSLWD HFRORJLFDO IRRWSULQW LQFUHDVHV
IURPKPFDSLQWRKPFDSLQ
ZLWKDQDYHUDJHDQQXDOJURZWKUDWHRI
,QWHUPVRIHFRORJLFDOFDUU\LQJFDSDFLW\WKHSHUFDS
LWDHFRORJLFDOFDUU\LQJFDSDFLW\RI=KDQMLDQJIOXFWX
DWHVJUHDWO\IURPWRZLWKWKHORZHVWYDOXH
RI  KPFDS LQ  DQG WKHQ VWDUWV WR ULVH
UDSLGO\ 7KH PDLQ UHDVRQ LV WKDW ZKLOH YLJRURXVO\

),*85(
'DWDFKDUWRI*'3SHUFDSLWD





),*85(
&RPSDULVRQRISHUFDSLWDLQFRPHEHWZHHQXUEDQ
UHVLGHQWVDQGUXUDOUHVLGHQWV
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),*85(
7KHSHUFDSLWDHFRORJLFDOIRRWSULQWDQGSHUFDS
LWDHFRORJLFDOFDUU\LQJFDSDFLW\


),*85(
&KDQJHVRIHFRORJLFDOGHILFLWIURPWR




7$%/(
7KHFRXSOLQJGLVSDWFKLQJLQGH[V\VWHPRIUHJLRQDOHFRHQYLURQPHQWDQGHFRQRP\DQGLWVZHLJKWYDOXH
6\VWHP
(YDOXDW൴QJ൴QG൴FDWRU
:H൴JKW
*'3

*'3SHUFDS൴WD 

3URSRUW൴RQRIWHUW൴DU\൴QGXVWU\൴Q*'3

3URSRUW൴RQRII൴[HG൴QYHVWPHQW൴Q*'3

6RF൴DODQGHFRQRP൴FGHYHORSPHQWV\VWHP
'൴VSRVDEOH൴QFRPHRIXUEDQUHV൴GHQWVSHU

FDS൴WD 
1HW൴QFRPHRIUXUDOUHV൴GHQWVSHUFDS൴WD 

3URSRUW൴RQRIWRWDO൴PSRUWDQGH[SRUWWR*'3 
7RWDOODERUSURGXFW൴Y൴W\

,QGXVWU൴DOZDVWHZDWHUG൴VFKDUJH

,QGXVWU൴DOZDVWHJDVHP൴VV൴RQ

'൴VFKDUJHRI൴QGXVWU൴DOVRO൴GZDVWH

7KHHFRORJ൴FDOHQY൴URQPHQWV\VWHPRIPDJS൴H
6XOIXUG൴R[൴GHHP൴VV൴RQV

IHDWKHU
7RWDODPRXQWRIVHZDJHWUHDWPHQW

&RPSUHKHQV൴YHXW൴O൴]DW൴RQRIVRO൴GZDVWH

*UHHQFRYHUDJH൴QEX൴OWXSDUHD

)RUHVWFRYHUDJH


WKDWWKHHFRQRPLFGHYHORSPHQWRIUHJLRQVDUHVKRZ
(YDOXDWLRQRI WKH FRRUGLQDWHG GHYHORSPHQW
RI HFRHQYLURQPHQW DQG HFRQRPLF FRXSOLQJ7KH
LQJDULVLQJWUHQGEXWWKHUHJLRQDOHFRQRPLFGHYHO
HYDOXDWLRQLQGH[V\VWHPRI=KDQMLDQJUHJLRQDOHFR
RSPHQWJDSLVODUJHUVXFKDV:HL&KHQJGLVWULFWHFR
HQYLURQPHQW V\VWHP DQG VRFLDO HFRQRPLF GHYHORS
QRPLF GHYHORSPHQW LQGH[ ZDV KLJK KRZHYHU WKH
PHQWV\VWHPKDVEHHQGHWHUPLQHG7KHRULJLQDOGDWD
HFRQRPLF GHYHORSPHQW LQ IDQJ]L GLVWULFW DQG WKH
DUH PDLQO\ REWDLQHG IURP =KDQMLDQJ FLW\ VWDWLVWLFDO
VRXWKHDVWFKRQJTLQJHFRORJLFDOFRQVHUYDWLRQGHYHO
\HDUERRN$FFRUGLQJWRWKHGDWDVWDQGDUGL]DWLRQSUR
RSPHQW GLVWULFW ODJV EHKLQG DQG WKH JURZWK UDWH LV
FHVVLQJDQGZHLJKWGHWHUPLQDWLRQPHWKRGWKHFRX
VORZILUVWDQGWKHQIDVWZKLOHWKHULVLQJWUHQGLQRWKHU
SOLQJGLVSDWFKLQJLQGH[V\VWHPRIUHJLRQDOHFRHQYL
GLVWULFWVLVUHODWLYHO\VORZDQGVWHDG\
URQPHQW DQG HFRQRP\ DQG LWV ZHLJKW YDOXH DUH

VKRZQLQ7DEOH 
(FRHQYLURQPHQWTXDOLW\LQGH[DQGFRPSUH
$FFRUGLQJ WR WKH FRPSUHKHQVLYH HYDOXDWLRQ
KHQVLYHVFRUH$QDO\WLFKLHUDUFK\SURFHVV $+3 LV
DQGFDOFXODWLRQPHWKRGRIUHJLRQDOHFRHQYLURQPHQW
XVHGWRGHWHUPLQHWKHHFRORJLFDOVWDWXVRI=KDQMLDQJ
DQG HFRQRPLF V\VWHP (;&(/ DQG 6366 VRIWZDUH
FLW\(VVHQWLDOO\LWLVWKHSURGXFWRIWKHFRPSUHKHQ
ZHUHXVHGWRFRPSUHKHQVLYHO\HYDOXDWHWKHWZRV\V
VLYH ZHLJKW GHWHUPLQHG E\ $+3 DQG WKH SUHVHQW
WHPVLQWKHILYHUHJLRQVRI=KDQMLDQJFLW\,WFDQEH
YDOXH RI HFRHQYLURQPHQW VWDQGDUGL]DWLRQ RI =KDQ
VHHQWKDWWKHXUEDQFRUHDUHDKDVJUDGXDOO\FKDQJHG
MLDQJFLW\WRGHWHUPLQHWKHHFRORJLFDOTXDOLW\LQGH[
IURP DQ HQYLURQPHQW ODJJLQJ W\SH WR DQ HFRQRPLF
RIHDFKUHJLRQ$IWHUFDOFXODWLQJWKHHFRORJLFDOTXDO
HQYLURQPHQWHTXLYDOHQWW\SHZKLOHRWKHUDUHDVKDYH
LW\LQGH[HVWKHHFRORJLFDOTXDOLW\LQGH[HVRIHDFKUH
EHHQLQDQHFRQRPLFODJJLQJW\SH
JLRQDUHVKRZQLQ7DEOH
)URP UHJLRQDO FRPSRVLWH LQGH[ RI HFRQRPLF
%HFDXVHWKHGLIIHUHQFHRIHFRORJLFDOTXDOLW\LQ
GHYHORSPHQWDWWKHVDPHWLPHWKHUHVXOWVFDQEHVHHQ
GH[EHWZHHQYLOODJHVDQGWRZQVLVQRWVLJQLILFDQW 
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7$%/(
(FRHQYLURQPHQWTXDOLW\LQGH[RIHDFKUHJLRQ
5HJLRQ

&KLNDQ

;LDVKDQ 

3RWRX 

(4,







5HJLRQ

&KLNDQ

;LDVKDQ

3RWRX

6FRUH
/HYHO


,,,


,,


,9

6XL[L 

;XZHQ

/LDQMLDQJ  /HL]KRX





7$%/(
(FRORJLFDOHQYLURQPHQWDOTXDOLW\OHYHOVRIHDFKUHJLRQ
6XL[L 

;XZHQ

/LDQMLDQJ  /HL]KRX




,
,9
9

7$%/(
&RPSUHKHQVLYHVFRUHVRISULQFLSDOFRPSRQHQWV
6XL[L

;XZHQ



:XFKXDQ


:XFKXDQ


,,,


,9

/LDQMLDQJ

/HL]KRX 

:XFKXDQ










5HJLRQ

&KLNDQ

;LDVKDQ

3RWRX

6FRUH
5DQN










5HJLRQ

&KLNDQ

;LDVKDQ

3RWRX

6XL[L

;XZHQ

/LDQMLDQJ

/HL]KRX 

:XFKXDQ

6FRUH
/HYHO
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7$%/(
7KHVLPXODWLRQUHVXOWV


HQRXJKWHFKQLFDOWUHDWPHQWLVQHHGHG,QWKLVVWXG\
WKHYDOXHRIHDFKLQGH[ZDVVXEWUDFWHGDQGWKHQ
FRUUHFWHGWRREWDLQWKHHFRHQYLURQPHQWRIHDFKUH
JLRQUHODWLYHWRWKHFLW\DVVKRZQLQ7DEOH
7KH FRPSUHKHQVLYH VFRUHV RI HDFK SULQFLSDO
FRPSRQHQWDQDO\VLVFDQEHREWDLQHGWKURXJKFDOFX
ODWLRQDVVKRZQLQ7DEOH

3DWWHUQ UHFRJQLWLRQ RI %3 DUWLILFLDO QHXUDO
QHWZRUN7KHDUWLILFLDOQHXUDOQHWZRUN%3LVXVHGWR
HYDOXDWH DQG FODVVLI\ WKH HFRHQYLURQPHQW TXDOLW\
ZKLFK LV PDLQO\ XVHG IRU SDWWHUQ UHFRJQLWLRQ 7KH
QHWZRUN VLPXODWLRQ WUDLQLQJ LV FRPSOHWHG DQG WKH
VLPXODWLRQUHVXOWVDUHVKRZQLQ7DEOH

3UREOHPVDQGFRXQWHUPHDVXUHVRIHFRHQYL
URQPHQWDQG(FRQRPLFVXVWDLQDEOHGHYHORSPHQW
$OWKRXJKLQUHFHQW\HDUVIRFXVRQSODQQLQJDQGFRQ
VWUXFWLRQLVDOVRVORZO\HPHUJHGJRRGUHVXOWVEXWWKH
ILYH UHJLRQDO GRPDLQ HQYLURQPHQW FKDUDFWHULVWLFV
DQGWKHHFRORJLFDOIXQFWLRQDUHGLIIHUHQWWKHGHJUHH
RIVRFLDODQGHFRQRPLFGHYHORSPHQWDOVRKDYHELJ
JHUGLIIHUHQFHDVDUHVXOWWKHUHDUHVWLOOVRPHSURE
OHPV EHWZHHQ WKH HFRHQYLURQPHQW DQG HFRQRPLF
VXVWDLQDEOH GHYHORSPHQW ZKLFK DUH PDLQO\ PDQL
IHVWHGLQWKHZHDNHFRHQYLURQPHQWFDUU\LQJFDSDF
LW\WKHRXWVWDQGLQJSUREOHPRIHQYLURQPHQWDOSROOX
WLRQDQGWKHLQVXIILFLHQWLQYHVWPHQWLQHQYLURQPHQWDO
SURWHFWLRQ XQUHDVRQDEOH LQGXVWULDO VWUXFWXUH DQG
RWKHUDVSHFWV
$FFRUGLQJWRWKHFXUUHQWVLWXDWLRQDQGH[LVWLQJ
SUREOHPV RI =KDQMLDQJ UHJLRQDO HFRQRP\ DQG WKH

FRXSOHG DQG FRRUGLQDWHG GHYHORSPHQW RI HFRHQYL
URQPHQW2QWKHSUHPLVHRIHQVXULQJWKHTXDOLW\RI
HFRHQYLURQPHQW =KDQMLDQJ FLW\ VKRXOG IRFXV RQ
YLJRURXVO\ GHYHORSLQJ UHJLRQDO HFRQRP\ LPSOH
PHQWLQJ WKH FRRSHUDWLRQ PHFKDQLVP RI LQWHUUH
JLRQDOVWULYLQJWRLPSURYHWKHUHJLRQDOHFRQRP\RI
=KDQMLDQJFLW\DQGWKHFRXSOLQJDQGFRRUGLQDWHGGH
YHORSPHQW RI HFRHQYLURQPHQW 2XWVWDQGLQJ UH
JLRQDOFKDUDFWHULVWLFVDQGIXQFWLRQFRQVWUXFWLRQDQG
HVWDEOLVK GLVORFDWLRQ GHYHORSPHQW PHFKDQLVP
6WUHQJWKHQLQJ HFRORJLFDO DQG HQYLURQPHQWDO FRQ
VWUXFWLRQWRHQVXUHWKHVXVWDLQDEOHIRUFHIRUKDUPR
QLRXVGHYHORSPHQW,QVLVWLQJWRLQFUHDVHLQYHVWPHQW
LQ HQYLURQPHQWDO SURWHFWLRQ DQG LPSURYH HQYLURQ
PHQWDO TXDOLW\ 5HPRYLQJ WR DGMXVW WKH LQGXVWULDO
VWUXFWXUHDQGPDNHWKHSODQVDQGOD\RXWUHDVRQDEOH


&21&/86,216

%DVHGRQ%3QHXUDOQHWZRUNWKLVVWXG\HVWDE
OLVKHVDVHWRIHYDOXDWLRQPRGHOZKLFKLVUHODWHGWR
WKH HFRHQYLURQPHQW DQG VRFLDO HFRQRPLF V\VWHP
&RPELQHGZLWKWKHHPSLULFDOHYLGHQFHWKHFRRUGL
QDWHGGHYHORSPHQWRI=KDQMLDQJ VHQYLURQPHQWDQG
HFRQRP\DQGLWVWHPSRUDOVSDWLDOHYROXWLRQZHUHDQ
DO\]HG7KHPDLQFRQFOXVLRQVFDQEHGUDZQDVIRO
ORZV  7KH 11722/ WRROER[ WHVW UHVXOWV LQ %3
QHXUDO QHWZRUN PRGHOLQJ VKRZ WKDW WKH QXPEHU RI
KLGGHQOD\HUQRGHVLVZKLFKLVWKHEHVWLQWHUPV
RIVSHHGDQGDFFXUDF\  )URPWRWKH
UHJLRQDOHFRHQYLURQPHQWFRPSUHKHQVLYHLQGH[DQG



E\363 

9ROXPH±1RSDJHV



                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


HFRQRPLF GHYHORSPHQW FRPSUHKHQVLYH LQGH[ RI
=KDQMLDQJFLW\ZHUHRQWKHULVH7KHSHUFDSLWDHFR
ORJLFDO IRRWSULQW RI =KDQMLDQJ FLW\ SUHVHQWV DQ XS
ZDUGWUHQGZKLOHWKHSHUFDSLWDHFRORJLFDOFDUU\LQJ
FDSDFLW\RI=KDQMLDQJFLW\IOXFWXDWHVJUHDWO\  7KH
FRUH DUHD RI =KDQMLDQJ FLW\ KDV JUDGXDOO\ FKDQJHG
IURP DQ HQYLURQPHQW ODJJLQJ W\SH WR DQ HFRQRPLF
HQYLURQPHQWHTXLYDOHQWW\SHZKLOHRWKHUDUHDVKDYH
EHHQLQDQHFRQRPLFODJJLQJW\SH  ,QWKHSURFHVV
RIVXVWDLQDEOHGHYHORSPHQWRIHFRHQYLURQPHQWDQG
HFRQRP\ WKHUH DUH PDQ\ SUREOHPV VXFK DV ZHDN
HFRHQYLURQPHQWFDUU\LQJFDSDFLW\WKHRXWVWDQGLQJ
SUREOHPRIHQYLURQPHQWDOSROOXWLRQLQVXIILFLHQWLQ
YHVWPHQWLQHQYLURQPHQWDOSURWHFWLRQXQUHDVRQDEOH
LQGXVWULDOVWUXFWXUHDQGVRRQ2QWKHSUHPLVHRIHQ
VXULQJ WKH TXDOLW\ RI HFRHQYLURQPHQW =KDQMLDQJ
FLW\VKRXOGIRFXVRQYLJRURXVO\GHYHORSLQJUHJLRQDO
HFRQRP\LPSOHPHQWLQJWKHFRRSHUDWLRQPHFKDQLVP
RI LQWHUUHJLRQDO DQG VWULYLQJ WR LPSURYH WKH UH
JLRQDOHFRQRP\


$&.12:/('*(0(176

7KLVZRUNZDVIXQGHGE\WKH*HQHUDOSURMHFWRI
6LFKXDQ 1HWZRUN &XOWXUH 5HVHDUFK &HQWH
:/:+ *HQHUDOSURMHFWRI6LFKXDQFXLVLQH
'HYHORSPHQW5HVHDUFK&HQWHU &&* DQG1RQ
IXQGHG SURMHFWV RI =KDQMLDQJ VFLHQFH DQG7HFKQRO
RJ\%XUHD % 


5()(5(1&(6

>@ /L ) /LX ;6 +X ' :DQJ 56  
(YDOXDWLRQPHWKRGDQGLQGH[V\VWHPRIHFRFLW\
GHYHORSPHQW D FDVH VWXG\ LQ 'DIHQJ FLW\ RI
-LDQJVX SURYLQFH &KLQD -RXUQDO RI $SSOLHG
(FRORJ\  
>@ <DR<0DR=--LQ)50LQJ+3HL<5
  7KH G\QDPLF FRRUGLQDWHG GHYHORSPHQW
RI D UHJLRQDO HQYLURQPHQWWRXULVPHFRQRP\
V\VWHPDFDVHVWXG\IURPZHVWHUQ+XQDQSURY
LQFH&KLQD6XVWDLQDELOLW\  
>@ 6RQJ-:DQJ+/LX6  4XDQWLWDWLYH
DVVHVVPHQWRIVWUHVVRIHFRQRPLFGHYHORSPHQW
WR HQYLURQPHQW XVLQJ HFRORJLFDO VWUHVV LQ
GH[&KLQHVH-RXUQDORI(FR$JULFXOWXUH  

>@ 5REOHGDQR$)5RPHUR'$%HOPRQWH6)
=DSDWD 39tFWRU 0 0DUWtQH] & 0DUWtQH]
/9   (FRJHRPRUSKRORJLFDO FRQVHTXHQ
FHVRIODQGDEDQGRQPHQWLQVHPLDULGPHGLWHUUD
QHDQ DUHDV LQWHJUDWHG DVVHVVPHQW RI SK\VLFDO
HYROXWLRQDQGELRGLYHUVLW\$JULFXOWXUH(FRV\V
WHPV (QYLURQPHQW
>@ $QGUHZ%3  7RXULVPDQGWKHHFRQRPLF
GHYHORSPHQW RI FRUQZDOO $QQDOV RI 7RXULVP
5HVHDUFK  

>@ 0D+6KL/  $VVHVVPHQWRIHFRHQYL
URQPHQWDOTXDOLW\RIZHVWHUQ7DLZDQVWUDLWVHFR
QRPLF]RQH(QYLURQPHQWDO0RQLWRULQJDQG$V
VHVVPHQW  
>@ &KLDQJ*0XQNLWWULFN.50FPDVWHU0D(
%DUUD56HUYRV0  5HJLRQDOFXPXOD
WLYH HIIHFWV PRQLWRULQJ IUDPHZRUN *DSV DQG
FKDOOHQJHV IRU WKH ELREtR ULYHU EDVLQ LQ VRXWK
FHQWUDOFKLOH*D\DQD   
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ABSTRACT

INTRODUCTION

There is strong evidence that a high salt intake
increases blood pressure and thereby increases the
risk of cardiovascular diseases and kidney diseases.
This study aimed to investigate the salt ratio in the
Cheddar cheese which coagulated with Citrus reticulata Blanco crude flowers extracts (CFE) at four
different concentrations (1, 2, 3 and 4%, v/v). Flowers of Citrus aurantium were collected during blossom from Sargodha District nurseries. Buffalo milk
was used for preparation of Cheddar cheese. A control sample (T 0) was coagulated with 0.002% rennet
(Rennet strength is 20 International Milk-Clotting
Units, IMCU/mL) at 33°C for 45 minutes and it
was obtained from Danisco Dairy Cultures (Paris,
France) while the other four samples were coagulated using Citrus reticulata Blanco CFE at different concentrations of 1% (T1), 2% (T2), 3% (T 3)
and 4% (T 4) (v/v) at 33°C for 45 minutes. In addition to, all of the Cheddar cheese samples were storage during 9 weeks. The data of statistical analysis
showed significant differences (P = 0.0001) among
different concentration of CFE for salt amounts of
the Cheddar cheese. The cheese prepared with using
3% CFE have highest salt ratio. T0 and T1 have similar salt ratios and less than T2 and T3. And also, T4
have lowest salt ratio among cheese samples. In this
study, we determined the ratio of salt value in the
Cheddar cheese, which was fermented with citrum
flower according to the rennet. In the future this
study can be a guide for reducing salt using in the
cheese as healthy diet.

There is strong evidence that a high salt intake
increases blood pressure and thereby increases the
risk of cardiovascular diseases (ie, strokes, heart attacks and heart failure) and kidney diseases [1,2].
Furthermore, it has been demonstrated that a reduction in population salt intake is one of the most costeffective measures to improve public health [3].
Daily salt consumption is recommended by the
World Health Assembly under 5g/day [4]. Therefore, the low amount of salt in food is important for
the public health. It is important to reduce the
amount of salt used when preparing foods. Sodium
salt is extensively and effectively used as a preservative and flavor enhancer. Its concentration is imperative for physicochemical and sensory characteristics of dairy foods, particularly cheese [5]. Sodium
chloride affects the compositional profile of cheese
as well as water activity, microbial growth and activity of enzymes, curd syneresis, and solubility and hydration of protein during the course of ripening, leading the synchronized improvement in flavor and texture [6-8]. Consuming sodium contributes to the progression of hypertension, a predecessor for disorders, such as cardiovascular problems, leading to increased risk of heart attacks or strokes in many people [9,10]. Traditionally, the level of sodium salt in
Cheddar-type cheese is about 2.0%. However, because of its adverse effects on the health, great demand exists to reduce the salt levels in cheese manufacturing [8]. Cheese is an important food for human health. It is rich in protein, minerals (Calcium
and Phosphorous) and fat soluble vitamins [11].
Cheese is valued for its long life and differs from
country to country in colors, flavor, and texture.
Cheddar cheese (a hard ripened cheese) is produced
by acidification and concentration of milk following
curd formation with milk clotting enzyme [12]. It has
become an important component of balance diet because of its high protein and calcium contents. Coagulation of milk by the action of better proteases on

KEYWORDS:
Cheddar Cheese, Citrus reticulata Blanco, Buffalo Milk,
Milk Coagulant, Salt, Hypertension
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milk proteins is a major step to have better curd and
MATERIALS AND METHODS
rheology in cheese production technology. Processing conditions such as gelation temperature,
Procurement of samples. Flowers of Citrus
concentration of coagulant, pH and cutting time also
aurantium were collected during blossom periods
affects rheology of cheese [13]. Transformation of
(mid of March to end of April and mid of September
milk into curd occurs by specific hydrolysis of pepto end of October, 2013-2014) from Sargodha Distide bond in casein which leads to aggregation of catrict nurseries. Flowers were collected and stored in
sein with calcium and proteolysis of milk proteins
freezer in food grade bags at -20°C to keep them
[14]. Traditionally, rennet is abomasum source of
fresh. Five liters of buffalo milk was used for each
slaughtered young calves, and is mainly constituted
treatment. Buffalo milk was procured from the Dairy
of chymosin and pepsin. As there is now decrease in
Animals Training and Research Center, UVAS, Ravi
slaughtering of young calves, less availability of natCampus, Pattoki, Pakistan.
ural rennet occurs and to fill this gap mostly microbial rennet and recombinant chymosin obtained from
Preparation of Citrus aurantium Crude
bacterial, fungal and genetically modified microorFlowers Extract (CFE). Crude Flowers Extract
ganisms mostly used in cheese production [15]. Sev(CFE) was prepared by blending citrus flowers with
eral alternative proteases obtained from different
5 parts of cold buffer (20 mmol/L of Tris-HCl having
vegetable and fruit sources (e.g., kiwi, melon and papH 7.20) in an electrical blender for 3 intermittent
paya), roots (e.g., ginger), latex (e.g., papaya fruit
periods of 15 seconds. The blended sample was filand sodom apple) and flowers (e.g., Citrus autered by using a cheese cloth and then centrifuged by
rantium, Cynara cardunculus and Centaurea calcentrifugal machine having 7500 rpm at 10°C for 30
citrapa), have been recommended as milk-clotting
minutes. Then separate the aqueous phase from palagents in cheese processing [16-18]. Additionally,
let by gradually pouring in the plastic test tubes.
these plant extracts have unique functional properThen aqueous extract was kept in a refrigerator (4°C)
ties in flavor and texture, and will lead to innovative
till it is used [24].
applications in new product development [19]. Citrus flowers are known for their pleasant, highly deTreatments and Experimental Design. A
sirable aroma and their essential oils [20]. Kinnow
control sample (T 0) was coagulated with 0.002%
has proteolytic enzyme which can be obtain from
rennet (Rennet strength is 20 International Milkgenerative organs of flowering plants [21]. Plant tisClotting Units, IMCU/mL) at 33°C for 45 minutes
sues present in Kinnow contains a wide range of proand it was obtained from Danisco Dairy Cultures
teins varying in functional properties. Protein con(Paris, France) while the other four samples were cotent of prepared crude flowers extract (CFE) was in
agulated using Citrus reticulata Blanco CFE at difthe range of 20 to 35 mg/mL. It was reported that the
ferent concentrations of 1% (T1), 2% (T2), 3% (T3)
protein content of fresh orange flowers (wet basis)
and 4% (T 4) (v/v) at 33°C for 45 minutes (Table
decreased from 15 to 8 mg protein/g with floral de1).
velopment stage and soluble protein in citrus flower
increase up to 85% of the total content at final floral
Product development and Storage. Buffalo
development [22,23]. Current study was designed to
milk (five liters for each treatment) was used for
develop the Kinnow (Citrus aurantium) crude flowpreparation of Cheddar cheese. Firstly the milk was
ers extract as a new source of milk-clotting enzyme
pasteurized at 65°C for 30 minutes and then cooled
in cheese production technology. Rennet production
at 33°C for inoculation. Then all treatments were inis time consuming and costly, so CFE was used as
oculated with 2% of starter cultures (Lactococcus
economical and potential source for milk coagulalactis subsp. Lactis and Lactococcus lactis subsp.
tion in Cheddar cheese production. CFE has typical
Cremoris). The control sample was coagulated with
aroma and flavor, it also contains citrase enzyme
0.002% rennet at 33°C for 45 minutes and other four
which has the activity to coagulate the milk [24]. In
samples were coagulated at 38°C for 45 minutes by
present work, we analysed the salt ratio of Cheddar
using Citrus aurantium crude flower extracts (CFE)
cheese fermented with the Kinnow (Citrus auat
rantium) crude flowers extract and discussed its relation to human health.
TABLE 1
Detail of the Experiments
Sr. No.
Treatments
Coagulants with different levels
1
T0 (Control)
Rennet (0.002%)
2
T1
CFE (1%)
3
T2
CFE (2%)
4
T3
CFE (3%)
5
T4
CFE (4%)
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different levels of 1%, 2%, 3% and 4%. When curd
was firm enough, it was cut, stirred and whey
drained. Then it was cooked and milled at 38°C and
turned the blocks up and down to separate more
whey from the curd.
This block of the cheese was kept warm and
then cheddaring of block leads to acid development.
Salting was done at the rate of 2.5 % then by pressing
the cheese blocks whey was removed. Storage and
ripening of the cheese were done at 10°C for 2 to 3
months [25]. All treatments were evaluated for 63
days of storage intervals which were as followed:
S1 = 0 day
S2 = 7 days
S3 = 14 days
S4 = 21 days
S5 = 28 days
S6 = 35 days
S7 = 42 days
S8 = 49 days
S9 = 56 days
S10 = 63 days
Waxing of Cheddar cheese was done to preserve it
from molds and other contaminants.

Fresenius Environmental Bulletin

(DMR) Test was used for significant difference comparisons in this study (SAS 9.1 Statistical Software).
RESULTS AND DISCUSSION
Salt ratio (%) has essential role in Cheddar
cheese quality. It mainly affects the Cheddar cheese
odor, color and taste. Results of statistical analysis
showed significant differences (P=0.0001) among
different concentration of CFE for salt contents of
the Cheddar cheese. The cheese prepared by using
3% CFE have highest salt % among all treatment
groups. The cheese prepared with T0 and T1 have
similar salt % and less than T2 and T3. T4 have lowest salt ratio amoung all groups. The analysis of variance showed non-significant effect of treatments
and storage. It was observed that the rate of salt decreased as the fermentation time increased with storage during 9 weeks (Table 2). Results are shown in
Figure 1.
The aim of this study was to produce Cheddar
cheese by using different levels of Citrus aurantium
crude flowers extract (CFE) as coagulant and comparing to rennet coagulated Cheddar cheese. Salt
content of Cheddar cheese were analyzed in all of the
treatment groups. In our study, the samples of Cheddar cheese were tested for salt contents and the obtained data were recorded. Cheeses with a normal
(1.7%) and high (2.3%) salt content suppress bitterness and un-natural flavor of cheese as described by
Moller et al [26]. There was a decreased trend in salt
contents after 63 days of storage. The salt contents

Salt contents measurement. Reagents: Silver
nitrate 0.1N solution, Potassium chromate 5 % as indicator. Procedure: 5 grams of the cheese sample
was taken in glass beaker. It was diluted with 150
mL distilled water and mixed well in distilled water.
Sample was boiled on hot plate and then kept for 4
hours at ambient temperature. 8.8 mL was taken in a
conical flask and 2-3 drops of Potassium Chromate
were added as indicator. Then it was titrated against
0.1N silver nitrate solution until a brick red color appeared.
Statistical Analysis. The obtained data were
analyzed by using one way Analysis of Variance
(ANOVA) techniques under Completely Randomized Design (CRD). Duncan’s Multiple Range

TABLE 2
Effect of CFE and storage time on Salt % value of Cheddar cheese
Tre
atmen
ts
T0

Week
0

Week 1

Week
2

Week
3

Week
4

Week
5

Week
6

Week
7

Week
8

Week
9

2.53±0.0
09a

2.46±0.
02b

2.45±
0.02b

2.45±0.
02b

2.39±0.0
03d

2.44±0.0
2c

2.43±0.0
2c

2.40±0.0
2c

2.42±0.0
1c

2.42±0.0
1b

T1

2.53±0.0
1a

2.52±0.
006a

2.52±
00a

2.48±0.
01b

2.45±0.0
03b

2.48±0.0
1c

2.45±0.0
07c

2.43±0.0
09c

2.45±0.0
03c

2.40±0.0
09b

T2

2.53±0.0
1a

2.53±0.
003a

2.53±
0.003a

2.53±0.
007a

2.58±0.0
03a

2.53±0.0
09b

2.50±0.0
07b

2.47±0.0
1b

2.50±0.0
03b

2.48±0.0
09b

T3

2.44±0.0
2b

2.43±0.
01b

2.45±
0.006b

2.47±0.
003b

2.43±0.0
03c

2.46±0.0
2a

2.46±0.0
09a

2.42±0.0
07a

2.43±0.0
03a

2.47±0.0
7a

T4

2.35±0.0
1c

2.18±0.
01c

2.17±
0.01c

2.14±0.
01c

2.14±0.0
07e

2.15±0.0
2d

2.12±0.0
07d

2.10±0.0
03d

2.10±0.0
1d

2.10±0.0
1c

* All values are triplicate means of each treatment.
**Different small alphabets (a,b,c,d) showing significant differences among different treatments (P<0.05).
T0= Controlled Cheddar cheese with no use of Citrus aurantium crude flowers extract
T1= Cheddar cheese prepared with 1% Citrus aurantium crude flowers extract
T2= Cheddar cheese prepared with 2% Citrus aurantium crude flowers extract
T3= Cheddar cheese prepared with 3% Citrus aurantium crude flowers extract
T4= Cheddar cheese prepared with 4% Citrus aurantium crude flowers extract
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FIGURE 1
Graphical representation of salt ratio in CFE coagulated Cheddar cheese during the storage time
of Cheddar cheese showed statistically significant
differences among the groups with different concentration of CFE during 9 weeks of storage. Salting of
all cheese samples was done at the rate of 2%. The
cheese prepared by using 2% and 3% CFE showed
decrease in salt ratio but both of then were higher
than 1% and controlled Cheddar cheese. The cheese
prepared by using 4% CFE showed lower salt contents than cheese samples in other groups (Table 2).
Salt concentration tends to decrease in ripening as it
may come out with water after pressing or in storage
of 10oC as described by O’Mahony et al [27]. This
decreasing in salt contents of CFE coagulated Cheddar cheese showed bitterness in Cheddar cheese
which can be mask up to some extent by adding
higher amount of salt as described by Law [28]. In
another study Messery et al studied mandarin peel
exract, thay did’t find any significant difference in
chemical composition of cheese [29]. A number of
studies have been reported on proteolytic activity of
Cheddar cheese manufacturing with vegetable coagulants and evaluation of their coagulation time and
its nutritious advantages to the consumer health [3033]. Cynara cardunculus flower extracts used in
production of the ovine milk cheese and compared
with cheeses made by using calf or either microbial
rennet. Results showed that cheeses contained 2.1 to
2.3% NaCl [34]. In the fact that in all studies salt intake and hypertension had correlation. The INTERSALT study (an international study of electrolyte excretion and blood pressure) demonstrated a direct association between salt intake, as measured by
24-h urinary sodium excretion, and the increase in
blood pressure with age: the higher the salt intake,
the greater the rise in blood pressure with ageing

[35]. A post- hoc analysis of data from a very wellcontrolled trial the Dietary Approaches to Stop Hypertension (DASH)-Sodium study [36].
CONCLUSION
According to the rennet application in our
study, differences were observed in the amount of
salt in Cheddar cheese fermented with citrum flower.
The differences in the amount of salt varied according to the amount of coagulant and the fermentation
time (storage time). It is important to keep the
amount of salt as little as possible for human health.
In this study, we determined the amount of salt in
Cheddar cheese, which was fermented with citrum
flower according to the rennet with optimal storage
time. In the future this study can be a guide for reducing salt ratio in the cheese with beneficial to human health.
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ABSTRACT

INTRODUCTION

The experiment “Effect of sowing dates on the
growth, yield and quality of muskmelon varieties”
was conducted at Agriculture Research Institute
Tarnab, Peshawar during 2016. The experiment was
planned in Randomized Complete Block with split
plot arrangements. Sowing dates were reserved in
main plots while varieties were kept in sub-plot. The
seeds of three different varieties i.e. Annanas, Honey
Ball and Sweet King were sown at three different
dates i.e. 15th March, 30th March and 15th April.
Early germination (4.89 days), best germination percentage (89.2) and the longest vine (198.6 cm) were
recorded in muskmelon variety “Honey Ball”
whereas earlier flowering (28 days), more branches
vine-1 (7.1), increased number of leaves vine-1
(289.2), heaviest fruit (0.92 kg), thickest fruit (4.2
cm), maximum fruit volume (1105.6 cm3), more
fruits vine-1 (5.98), fruits plot-1 (23.9), fruit weight
plot-1 (22.1 kg) and yield ha-1 (73.5 tons) were recorded in muskmelon variety “Annanas”. Early germination (5.8 days) and high germination (87.8 %)
were recorded in muskmelons sown on 15th April.
The longest vine (177 cm) was recorded in muskmelons sown on 30th March, whereas early flowering
(27.33 days), more number of branches vine-1 (6.8),
number of leaves vine-1 (279.3), increased fruit
weight (0.74 kg), maximum fruit thickness (3.15
cm), maximum fruit volume (1073.3 cm3), more
fruits vine-1 (5.23), fruits plot-1 (20.9), increased fruit
weight plot-1 (16.1 kg), maximum yield ha-1 (53.6
tons) were recorded in muskmelons sown on 15th
March. It can be concluded that muskmelon variety
“Annanas” gave higher yield and better quality when
sown on 15th March.

The muskmelon (Cumcumis melo L.) belong to
family Cucurbitaceae. It is an important vegetable
crop which is named in different languages as melon
(Danish, Spanish, French and English), Meloen
(Dutch); Melone (German); Popene (Italian); Kharbuz or Karbuja (India); and Tiangua in China [1].
The muskmelon probably originated from Africa. Other secondary centres of origin are China and
Southern Russia. Friendly environments and human
manipulation in these secondary centres gave rise to
the numerous variations of the species and led to the
masking of the primary source as Africa [2].
It is an annual herb. Stems are small, ridged
with fine hairs. Leaves are alternate, orbicular ovate
to rain form or kidney shaped 3-7 lobed, 8-15 cm in
diameter, denate, cordate at bottom, covered with
hair under-surface; Petioles, 8-10 cm in length with
simple tendrils [1].
Flowers are monoecious or andro-monoecious
(male and hermaphrodite flowers occurring on the
same plant). It is partially cross-pollinated crop.
Fruits are very uneven in size and shape, round or
oblong, smooth or crinkly; rind glabrous and smooth
to rough and reticulate, pale to dark yellow, yellowbrown or green; flesh yellow, pink or green various
seeded. Seeds are firmed, black, red brown, white or
cream and smooth [3].
Epigeal germination occurs in muskmelon. The
safe to eat seed nut contains around 46% oil and 36%
protein in almost 30 seeds per gram [1].
Muskmelon requires more heat and cannot
withstand temperature below 5°C. Optimum germination requires temperature of 27-29 °C. Hot dry air
and sunshine during fruit ripening are needed for the
development of high sugar content and good taste
[4].
For an early crop, sandy loam soil is considered
best, though the crop can be cultivated on welldrained loam to clay loam soils. Muskmelons don’t
thrive well in a strongly acid soil: when such soils
with a pH 6.0 to 6.8. Ordinarily, 80 to 110 days of
favourable growing weather is required between
planting and first harvest [5].

KEYWORDS:
Cucumis melo L. moench, muskmelon, sowing dates, varieties, growth, yield
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Introduction of plants to an area plays an important role in the improvement of different crops all
over the world. Introduction is like deliberate breeding program. Introduction of exotic varieties of
muskmelon is carried to improve the production of
this crop to a considerable extent. Recommendation
of varieties for a particular locality cannot be made
until and unless they are out under trials [6].
Muskmelon is an important crop of Pakistan in
general and Khyber Pakhtunkhwa in particular. Its
commercial cultivation can further be expanded if
special attention is given to its proper cultivation
time. For that reason, this research was carried out to
know about the best sowing time and compatible variety of muskmelon under the agro-climatic conditions of Peshawar valley.
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Among the varieties Honey Ball showed early
emergence (4.8 days) and higher germination percentage (89.2%) while Annanas showed early
flowring (28 days).
The differences in the parameters in Muskmelon varieties might be due to the genetic make-up
which responded to different dates. Furthermore,
some varieties might not be exploited well in a particular environment.
These results are confirmed by Gulshan et al.
[7] who reported differences in days to emergence
and germination of different okra varieties. Similarly, Shinde et al. [8] reported that different varieties
take different time to bear flowers. He observed that
the bottle gourd variety “PusaSamridhi” took minimum days to flower appearance as compared to
“PusaSantishthi” and other local varieties.
The variation among the sowing dates might be
due to the climatic differences in various months as
the temperature, relative humidity, rainfall and photoperiod in March was different from the rest of the
sowing dates which eventually affected the emergence and flowering of muskmelon.
These results are in close relation with those of
Thompson and Kelly [9] who reported a significant
dissimilarity in seed emergence among different
sowing times. The findings also correlate the results
of Khan et al. [10] who observed maximum germination of 99.25 % in Tinda gourd when planted on
20th March as compared to other sowing times. Similarly, Pandit et al. [11] also found that muskmelons
planted in November took more days to produce
flowers as compared to January and March sowings.

MATERIALS AND METHODS
The experiment was performed at Agriculture
Research Institute (ARI) Tarnab, Peshawar in the
year of 2016. The experiment was laid out in Randomized Complete Block (RCB) design with split
plot arrangement having two factors and replicated
three times. There were three sowing dates i.e. 15th
March, 30th March and 15th April in main plot and
three varieties i.e. Annanas, Honey Ball and Sweet
King in sub plot. The seeds were sown on the both
sides of the raised beds with plant to plant distance
30 cm and row to row distance 300 cm. The total size
of experimental plot was 500 m2. The size of the
main plot was 8 m2 and subplot size was 3 m2. The
field was properly prepared and Farm Yard Manure
was applied at two true leaf stage. The field was irrigated weekly. All other cultural practices were applied uniformly.
Data were statistically analyzed using analysis
of variance technique, Least Significant Difference
(LSD) test was used to compare the treatment means
at 5% level of significance.

Number of branches vine-1, Vine length
(cm), Number of leaves vine-1, Number of fruits
vine-1: The data in Table 2 showed that the seeds
sown on 15th March had more number of branches
vine-1 (6.8), leaves vine-1 (279.3) and fruits vine-1
(5.2) while the 30th April sowing had the longest vine
(177 cm).
Among the varieties Annanas had the most
number of branches vine-1 (7.1), leaves vine-1 (289.2)
and fruits vine-1 (6) while Honey ball had the longest
vine (198.6 cm). Though the interaction of sowing
dates and varieties had no significant variation but
comparatively the vine length was more (202.7 cm)
in Honey Ball sown on 20th March.
The differences among the varieties might be
due to the different genetic composition of the different varieties which affect their ability of producing more or less fruits.
These conclusions show similarity with the
findings of Utobo et al. [12] who observed significant differences in number of branches vine-1 and
vine length in cucumber varieties. Similarly, Gracia
et al. [13] also found significant differences in number of fruits vine-1 in different muskmelon varieties.

RESULTS AND DISCUSSION
Mean values of the recorded data of various parameters are presented in Tables 1-4. The data
showed that both sowing dates and varieties had significant effect on growth and yield parameters while
their interaction was non-significant.
Days to emergence, Seed germination percentage and Days to flowering: The data in Table
1 showed that the seeds sown on 15th April took minimum days to emergence (5.8) and had higher germination percentage (87.8%) while the 15th March
sowing took least days to flowering (27.3) as compared to other treatments.
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TABLE 1
Effect of sowing dates on the growth, yield and quality of Muskmelon varieties
Seed Germination PerTreatments
Days to Emergence
centage
Days to Flowering
Sowing Dates
S1=15 March
6.4 a
78.9 c
27.3 c
S2=30 March
6b
82.8 b
29.4 b
S3= 15 April
5.8 c
87.8 a
31.1 a
LSD at 5%
0.2169
1.4768
2.7707
Varieties
Annanas
6.2 b
82.8 b
28 c
Honey Ball
4.8 c
89.2 a
29.3 b
Sweet King
7a
77.5 c
30.6 a
LSD at 5%
0.2835
2.7067
1.3551
TABLE 2
Effect of sowing dates on the growth, yield and quality of Muskmelon varieties
Number of
Number of
Number of leaves
Treatments
Branches vine-1
fruits vine-1
Vine length (cm)
vine-1
Sowing Dates
5.2 a
S1=15 March
6.8 a
175.7 ab
279.3 a
4.9 b
S2=30 March
6.2 ab
177 a
264.6 b
4.7 c
S3= 15 April
5.8 b
174.7 b
258.7 c
0.3611
LSD at 5%
0.6342
1.3796
9.7196
Varieties
6a
Annanas
7.1 a
160.7 c
289.2 a
4.9 b
Honey Ball
6.3 b
198.6 a
268 b
3.9 c
Sweet King
5.5 c
168.1 b
245.3 c
0.3558
LSD at 5%
0.3293
5.7442
8.7945
fruit thickness (4.22 cm), fruit volume (1106 cm3)
and number of fruits plot-1 (23.9).
Each variety is genetically different from the
others due to which they grow and bear fruits in a
different manner. These genetic changes might be
the possible reason for varieties showing fruits of
different weights, volume and other characters.
The results are in resembling to the findings of
Ohashi et al. [17] who found expressive differences
in weight of fruits of different varieties. Shinde et al.
[8] also found that maximum fruit volume (793.38
cm-3) was recorded in bottle gourd Local variety as
compared to other varieties (PusaSantishthi and
PusaSamridhi). Similarly, Gracia et al. [13] found
significant differences in number of fruits vine-1 in
different muskmelon varieties.
The variations in the characters at different
sowing dates might be due to the changes in climatic
conditions of different months. Other possible reason might be the increased number of branches and
vine length in early sown plants which results in increased number of fruits. The changes in fruit weight
may also be due to the increased production and
translocation of photosynthates from source to sink.
These results are similar to that of Susila et al.
[15] who observed increased number of fruits vine-1
as well as fruit weight in plants sown in December

The differences in climatic conditions like temperature, rainfall and relative humidity at different
times might be the reason for the differences in the
number of branches and fruits vine-1as well as the ultimate yield of muskmelons. Other possible reason
might be the increased number of branches and vine
length in early sown plants which results in increased number of fruits.
These results are in line with the results of Kumar et al. [14] who found that vine length and number of branches vine-1 of bottle gourd were significantly affected when sown at different times. Susila
et al. [15] also noticed more number of fruits vine1
when sown in December as compared to October.
Similarly, RajenderSingh et al. [16] also reported
higher yield in terms of number of fruits plant-1 when
the crop was sown in December in summer squash.
Fruit weight (kg), Fruit thickness (cm), Fruit
volume (cm3) and Number of fruits plot-1: The
data in Table 3 illustrates that the 15th March sowings had better traits like fruit weight (0.74 kg), fruit
thickness (3.15 cm), fruit volume (1073 cm3) and
number of fruits plot-1 (20.9) as compared to the
other planting dates.
Among the varieties Annanas showed superior
results in the parameters of fruit weight (0.92 kg),
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TABLE 3
Effect of sowing dates on the growth, yield and quality of Muskmelon varieties
Number of fruits
Individual fruit
Fruit thickness
Fruit volume
plot-1
Treatments
weight (kg)
(cm)
(cm3)
Sowing Dates
20.9 a
S1=15 March
0.74 a
3.15 a
1073 a
19.6 ab
S2=30 March
0.71 b
2.83 b
974 c
18.7 b
S3= 15 April
0.69 c
2.75 c
1001 b
1.4443
LSD at 5%
0.0349
0.3217
77.416
Varieties
Annanas
Honey Ball
Sweet King
LSD at 5%

0.92 a
0.66 b
0.57 c
0.0485

4.22 a
2.53 b
2c
0.3743

1106 a
1020 b
923 c
34.584

23.9 a
19.7 b
15.6 c
1.4232

TABLE 4
Effect of sowing dates on the growth, yield and quality of Muskmelon varieties
Treatments
Sowing Dates
S1=15 March
S2=30 March
S3= 15 April
LSD at 5%
Varieties
Annanas
Honey Ball
Sweet King
LSD at 5%

Plant survival percentage

Fruit weight plot-1 (kg)

Yield ha-1 (tons)

75.6 a
76.5 a
72.1 a
N.S

16.1 a
14.4 b
13.5 b
1.3077

53.6 a
48.1 b
44.9 b
4.3555

75.9 a
73.4 a
74.8 a
N.S

22.1 a
13.1 b
8.9 c
1.2106

73.5 a
43.5 b
29.5 c
4.0375

as compared to other months. Nwofia et al. [18]
stated that volume of cucumber varied when sown at
different times. Similarly, RajenderSingh et al. [16]
also reported higher yield in terms of quantity of
fruits per plant when the crop was sown in December
in summer squash.

[19] found that melon variety “Eclipse” had the highest yield as compared to “Athena”, “Tesoro Dulce”
and “Sugar Bowl”. Likewise, Gracia et al. [13] also
observed significantly higher yield in muskmelon
variety “hybrid Packstar” as compared to other varieties.
The differences in fruit weight at various sowing times could be due to the variations in climatic
conditions like temperature and relative humidity in
different months. These factors have a direct effect
on photosynthesis and hence on the assimilation of
photosynthates in the fruit.
These findings are in harmony with the results
of Susila et al. [15] who noticed increased fruit
weight and higher yield in muskmelons sown in December as compared to other months. Similarly, Sitaram et al. [20] also reported highest fruit yield of
hybrid cucumber with late sowing.

Fruit weight plot-1, Yield ha-1 and Plant survival percentage: The data in Table 4 shows that the
15th March sowings had significantly higher fruit
weight plot-1 (16.1 kg) and yield ha-1 (53.6 tons) as
compared to other sowing times while the plant survival percentage was not significantly affected by
sowing at different times.
Amid the varieties Annanas had more fruit
weight plot-1 (22.1 kg) as well as yield ha-1 (73.5
tons) whereas the survival of plants was not affected
significantly.
Each variety is genetically different from the
others due to which they grow and bear fruits in a
different manner as one variety bear fruits of larger
size and number than others which ultimately affect
the total yield of varieties.
These results are confirmed by Ohashi et al.
[17] who observed significant differences in weight
of fruits of different varieties. Similarly, Robert et al.

CONCLUSION
It is concluded that “Annanas” is the best variety in terms of growth and yield under the agro-climatic conditions of Peshawar valley and it may be
sown on 15th March for better results.
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losses are up to3.5-25% throughout storage [1].
Some commonly found species are Cryptolestes ferrugineus, Trogoderma granarium and Tribolium
castaneum that cause economic loss but Rhyzopertha
dominica, Sitotroga cerellella, Tribolium castaneum
and Sitophilus spp. are found in more than 75% samples taken from stored commodities [2]. In this situation there is need to protect produce to feed this
growing population by reducing post-harvest losses
caused by insect pest.
From genus Sitophilus spp. rice weevil Sitophilus oryzaeis considered as economically most important specie. Whole grains of wheat are preferred
by this pest for its development [3]. Rice weevil having a large host range of stored grains including barley, sorghum, wheat, rye, maize, oat and many other
cereals [4]. This pest can pose up to 61.3% damage
to sorghum grains just in five months period and up
to 100% in stored maize in India and other countries
[5,6]. This evidently indicates the importance of S.
oryzae in stored maize.
In past control of this pest is achieved by using
conventional pesticides i.e. grain protectants and fumigants. But therelong timeuse induces resistance
[7]. A high level Phosphine resistance has also been
reported against this pest in Australia which was an
effective tool to control this pest [8,9]. Methyl bromide is one most effective and widely used fumigant
has also been phased out in 2015 due to ozone layer
depletion under the degree of Montreal protocol [10].
Conventionalcontrol methods have lost their feasibility due to development of resistance, and their
high cost [11,12].
Besides the development of resistance in insects some of these chemicals are also banned due to
their bad effects on health [13] and environmental
[14].
Today consumers demand a food item that is
free from pesticides or having least residual limits.
Consumer also demands a product that undergoes

ABSTRACT
Protection of grains and their products from insect pests remained a big constraint in the way of future food security. Current study was planned to
probe the effective exposure time required to kill
adult stages of Sitophilus oryzae (L.) reared on two
diets wheat and maize whole grains under six Carbon
dioxide (CO2) Modified Atmospheres (MA). Labeled as MA1, MA2, MA3, MA4, MA5 and MA6 at
ambient temperature. Twenty insects per replication
along with 20 gram diet were released in each exposure chamber. A measured quantity of gas was applied in exposure chamber with the help of syringe
having three way stoppers to control the movement
of gas. Data was collected by 24 hour time interval
up to 144 hours. Results showed that mortality response varied in each diet. Insects reared on maize
grains showed more resistance to treatment as compared to wheat grains. Adults of S. oryzae reared on
maize grains require a minimum five days exposure
time as compared to wheat grains diet that needs
only four days exposure period for complete mortality under MA5with 45% CO2.
KEYWORDS:
Carbon dioxide (CO2), Modified atmosphere (MA),
Sitophilus oryzae, Mortality response.

INTRODUCTION
Pakistan has 220.7 million populations with an
annual 2.07% growth rate of population. Wheat is
their primary and staple food rather than other food
grain and more food is required in upcoming years at
this growth rate. In Pakistan stored cereals and their
products are attacked by insect pest that causes high
qualitative and quantitative losses. In Pakistan wheat
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minimal chemical treatment and having least effects
on human being and their surrounding environment.
At present, it is necessary to develop more accepted,
low-cost substitute that is suitable to use and environmentally friendly for managing insect pests of
grain and stored products. Modified atmospheres or
controlled atmospheres renders one of the most successful management tool can be used for broad range
of agricultural and food products [15]. This method
has potential use in various food sectors like meat,
grains, fruits and vegetables. It is greatly helpful in
maintaining the good quality of grains [16] due to its
preservative effects on agriculture food commodities
[15]. Modified atmosphere with elevated carbon dioxide (CO2) level is recognized as an efficient tool
for managing stored-product insects that affect negatively unprocessed, semi processed and final food
products [17,18].
Carbon dioxide has the ability to absorb and desorbed in grains without having any chemical reaction, and has almost no effect on grain chemistry [19].
For example, when rice is stored under CO2 modified atmosphere it shows an excellent retention of
flavor, preventing loss of rice aroma, reducing lipid
oxidation and lipid hydrolysis and slowing down flavor losses rather than in ordinary air [20,21]. Keeping in view the advantages of modified atmosphere
the current study was planned to find out the lethal
effects of CO2modified atmospheres on S. oryzae
adults after different exposure times reared on two
diets at ambient temperature.

pure Carbon dioxide (CO2) gas cylinder was obtained from “MALIK BROTHERS” a renowned
medical gases Supplier Company, near Sumundari
Road Faisalabad, Punjab Pakistan.
Gas purity analysis. Bio gas analyzer “BIOGAS 5000” manufactured by “Geotech” was used to
confirm the purity of Carbon dioxide gas.
Gas application method. Transparent plastic
bottle of 150 ml capacity were used as exposure
chamber. Each bottle was filled with 20 gram respective diet and 20 adult insects before injecting gas.
Bottles were tightly plugged with special rubber
septa. A measured quantity of gas was injected into
the exposure chamber after evacuating the same volume from exposure chamber through injection
plunger noted volumetric readings on it. Injection syringe was connected to a three way stopper to control
the movement of gas, whose one side was connected
to a short hose coming from gas cylinder and other
was connected to the needle for injecting gas. Cylinders pressure was controlled by using pressure regulator gauges. After treatment bottles were left uninterrupted for definite period of time at 30±2°C and
65±5R.H inside incubator.
Treatments and data collection. Three days
old adults reared separately on two diets wheat and
maize whole grains were exposed to six Carbon Dioxide Modified Atmospheres (MA) labeled as MA1,
MA2, MA3, MA4, MA5 and MA6 containing 25, 30,
35, 40, 45 and 50 % Co2 by volume respectively at
ambient temperature. There were four replications
along with control. Data was collected after every 24
hour time interval up to complete mortality of treated
insects. A separate trial was conducted for each treatment for each time interval. At the end of each exposure time, the bottles were opened and insects were
sieved out and transferred into 9×2.5 cm size test
tubes having fresh diet. Bottles were closed with
muslin cloth to prevent insect escape and placed in
fresh air up to 24hour. Dead insects were sieved out
to calculate percent mortality in each treatment. Special care was taken to ensure that death has really occurred [23]. If they moved, they were scored as live.
Same procedure was followed for data collection for
each insect treatment.

MATERIALS AND METHODS
Rearing of homogenous insect culture. Population of Sitophilus oryzae was collected from grain
market of Faisalabad in 2018. The collected populations were reared under optimum laboratory conditions at 30±2°C and 65 R.H. [22].Insect culture was
reared separately on two diets. i.e. Wheat and maize
whole grains inside plastic jars having 1kg volume.
Jars were sterilized by washing with hot distilled water before using. Grains were sterilized by placing
inside incubator at 50°C for 10 minute to kill all live
forms if present in grains. Grain moisture was
maintained at conditions optimal for rearing of S.
oryzae. From the culture, hundred numbers of adult
pairs were released in separate plastic jars with fresh
diet for egg laying to produce F1 generation. After 23 days adults were sieved out and their eggs left behind on the diets for hatching. These jars were provided optimum rearing conditions and as larvae
change to pupae these pupae of first day were collected in separate bottles on regular basis to obtain
homogenized population. Three days old adults of
this homogenized population were used for experiment.

Statistical analysis. Corrected mortality was
calculated by using Abbott’s formula. The experiment was performed under complete randomized design. Results were subjected to Statistix-8.1 software
for analysis of variance. Data is presented as means
± standard error. Means were compared using
Tuckey’s HSD test Į 

Gas source. To perform experiment 99.9 %
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50:47:3 MA6 against S. oryzae adult reared at two
diets i.e. maize and wheat whole grains. The data of
percent mortality was taken for six exposure times
i.e. 24, 48, 72, 96, 120 and 144 hours. Results were
presented as following (Table 1).
Mean percent mortality of S. oryzae adult
reared on two diets i.e. wheat and maize caused by
various modified atmospheres after six exposure
times i.e. 24, 48, 72, 96, 120 and 144 hours along
with standard error is given in above table.

RESULTS
Effect of six Carbon dioxide modified atmospheres (MA) against S. oryzae adults reared on
two diets after six exposure times.The experiment
was conducted to determine the mortality effect under different modified atmospheres comprising
CO2:N2:O2 – 25:57:18 MA1, 30:55:15 MA2,
35:53:12 MA3, 40:51:9 MA4, 45:49:6 MA5 and

TABLE 1
Effect of different modified atmospheres (MA), Diet and Time against % mortality of S. oryzae adult
Modified atmosphere (MA)

Mean Mortality (%) ± S.E.

MA1
MA2
MA3
MA4
MA5
MA6

40.16 ± 3.94 f
50.36 ± 4.29 e
57.65 ± 4.20 d
69.24 ± 4.22 c
77.27 ± 3.78 b
82.74 ± 3.25 a

Maize grains
Wheat grains

55.17 ± 2.61 b
70.64 ± 2.40 a

24
48
72
96
120
144

26.03 ± 2.41 f
38.79 ± 3.07 e
55.18 ± 3.53 d
77.12 ± 2.86 c
88.22 ± 2.17 b
92.09 ± 1.93 a

Diet (D)

Time (T)

Mean values within column exhibiting similar letters are not significantly different at p 
MA. * Diet; Weighted Means
&XUUHQWHIIHFW)  S 
Vertical bars denote 0.95 confidence intervals
110
100
90

Mortality (%)

80
70
60

Wheat
Maize

50
40
30
20
10

MA1

MA2

MA3

MA4

MA5

MA6

Modified Atmospheres (%)

FIGURE 1
Percentage mortality interaction between diet and modified atmospheres (MA) against of S. oryzae adult.
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Results showed that all the parameters having
significant effect on percent mortality of S. oryzae
adult. The results of mean percent mortality indicate
that all concentration having significant effect on
mortality of S. oryzae adult. The table shows that
mortality increases by increasing carbon dioxide
concentration from 25% to 50% within same exposure time. The highest mean mortality i.e. 82.74%
was observed in MA6 comprising 50% CO2 concentration followed by MA5 having 50.36% mortality
comprising 45% CO2 and minimum in MA1 i.e.
40.16% comprising 25% CO2 concentration. The
mean mortality effect of two diets i.e. wheat and
maize was also found significant against S. oryzae
adult. The highest mean mortality was observed in
wheat grains i.e. 70.64 % and minimum in maize
grains i.e. 55.17%.The mean mortality effect of six

exposure times i.e. 24, 48, 72, 96, 120 and 144 hours
was also found significant against S. oryzae adult.
The data table shows that mortality increased with
exposure time from 24hrs to 144hrs. The highest
mean mortality was observed after 144 hours i.e.
92.09% followed by 120hrs having 38.79% mortality and minimum after 24 hours i.e. 26.03% (Table
1).
Significant impact was observed between modified atmosphere and diet regarding mortality percentage against S. oryzae (Figure 1). Similarly, time
and diet exhibited significant interaction against S.
oryzae adult (Figure 2). Modified atmosphere and
time showed significant effect on percentage mortality of S. oryzae (Figure 3). Atmosphere, time and diet
collectively impacted significantly on mortality (%)
of S. oryzae in both wheat and maize (Figure 4).

Time * Diet; Weighted Means
&XUUHQWHIIHFW)  S 
Vertical bars denote 0.95 confidence intervals
110
100
90

Mortality (%)

80
70
60

Wheat
Maize

50
40
30
20
10
0

24

48

72

96

120

144

Time (Hours)

FIGURE 2
Percentage mortality interaction between diet and time against of S. oryzae adult.
MA. * Time; Weighted Means
&XUUHQWHIIHFW)  S 
Vertical bars denote 0.95 confidence intervals
120
110
100
90

Mortality (%)

80

24
48
72
96
120
144

70
60
50
40
30
20
10
0
-10

MA1

MA2

MA3

MA4

Modified Atmosphere (%)

MA5

MA6

Time (Hours)

FIGURE 3
Percentage mortality interactions between time and modified atmospheres (MA)
against of S. oryzae adult.
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MA-4
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FIGURE 4
Percentage mortality interactions between diet, time and modified atmospheres
(MA) against of S. oryzae adult.
S. oryzae adult 100% mortality that was observed after 5 days at 40% CO2concentration under
MA4 on wheat diet that was quite similar to the work
research work of [29]. Similarly 100% mortality that
was observed after 4 days at 50% CO2 under MA6
on wheat diet was quite similar to the results reported
by [30] for Zabrotes subfasciatus adults. If we take
into account carbon dioxide concentrations they
have significant effect on mortality according to following findings. Adult S. oryzae showed 56% mortality at 25% CO2 concentration under MA5after an
exposure period of 4 days reared on wheat diet while
mortality was 100% at 50% CO2concentration under
MA6 within same exposure time. Similarly on maize
diet after an exposure period of 5 days mortality was
58% at 25% CO2 concentration under MA1 while
mortality was 100% at 45% CO2 under MA5 and at
50% CO2concentration under MA6 within same exposure time. Results showed that toxicity of different
carbon dioxide modified atmospheres increased by
increasing CO2 gas concentration within same exposure period. The similar findings were presented by
researchers who studied two weevil species such as
S. granarius and S. oryzae [31,23].
Results indicate that time and concentration
having significant effect on insect mortality reared
on two diets. Insect population that was reared on

DISCUSSION
Modified atmosphere having high carbon dioxide concentration found mote lethal to stored grain
insects. Current experiment was conducted to confer
its toxic effects against S. oryzae adult. Exposed insect population responds different lyunder different
modified atmosphere and two diets after six exposure time.
Different investigator who used various modified atmospheres (MAs) for the management of S.
oryzae discussed below. [24] used 10–20% carbon
dioxide at 20°C and 25°C and 75-85% relative humidity against Tribolium castaneum and S. oryzae
for twenty eight days. [25] used carbon dioxide to
enhance the toxicity of ethyl acetate against the
adults of T. castaneumand, S. oryzae (L.). [26] applied MAs containing 50% and 90% carbon dioxide
against all stages of S. oryzae for 4-8 days at 25°C.
While, [27] used carbon dioxide at high pressure 15
and 20 bar along with various exposure periods to
reduce the time required to kill the S. oryzae. [28]
studied the modified atmosphere comprising 75%
carbon dioxide against S. oryzae on different commodities. [29] used modified atmosphere having 20,
40, 60, and 80% carbon dioxide at 20°C against
Sitophilus spp. in organic maize grains.
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wheat diet was more susceptible as compared to
maize diet that needs prolon ged exposure time to
achieve complete mortality. Similarly increase in
concentration decrease the exposure period and vice
versa to achieve complete mortality.

[6] Singh, K., Agarwal, N.S., and Girish, G.K.
(1974). Studies on quantitative loss in various
high yielding varieties of maize due to Sitophilusoryzae (L.) (Coleoptera: Curculionidae). J.
Sci. Technol. 12, 3-4.
[7] Wallbank, B.E., and Collins, P.J. (2003). Recent
changes in resistance to grain protectants in
eastern Australia. In: Wright, E. J., M. C. Webb
and E. Highley, (Eds.), Stored Grain in Australia
2003. CSIRO Store Grain Research Laboratory
Canberra. 25-27.
[8] Emery, R.N., Collins, P.J., Wallbank, B.E.
(2003). Monitoring and managing phosphine resistance in Australia. In Wright, E.J., Webb,
M.C., Highley, E. (Eds.), Proceedings of the
Australian Postharvest Technical Conference
Canberra. (25-27 June 2003) 142-151.
[9] Emery, R.N., Nayak, M.K., and Holloway, J.C.
(2011). Lessons learned from phosphine resistance monitoring in Australia. Stewart Postharvest Rev. 3-6.
[10] Sen, F., Meyvaci, K.B., Turanli, F., and Aksoy,
U. (2010). Effects of short-term controlled atmosphere treatment at elevated temperature on
dried fig fruit. J. Stored Prod. Res. 46, 28-33.
[11] Tsumura, Y.S., Hasegawa, Y., Sekiguchi, Y.,
Nakamura, Y., and Ito, Y. (1994). Residues of
postharvest applied pesticides in buckwheat after storage and processing into noodle. J. Food
Hyg. Soc. Japan. 35(1), 1-7.
[12] Saxena, J.D., and Sinha, S.R. (1995). Evaluation
of some insecticides against malathion resistant
strains of red flour beetle, Triboliumcastaneum
(Herbs). Indian J. Entomol. 75, 401-405.
[13] Garry, V.F., Griffith, J., Danzl, T.J., Nelson, R.L.,
Whorton, E.B., Krueger, L.A., and Cervenka,
J. (1989). Human genotoxicity: Pesticide applicators and phosphine. Publ. Am. Assoc. Adv. Sci.
246(4927), 251-255.
[14] Haines, C.P. (1995). Grain storage in the tropics.
In Jayas, D., N. D. G. White and W. E., Muir,
(Eds.), Stored-Grain Ecosystems. Marcel Dekker New York. 55-99.
[15] Jayas, D.S., and Jeyamkondan, S. (2002). Modified atmosphere storage of grains, meat, fruits
and vegetables. Biosyst. Eng. 82(3), 235-251.
[16] Navarro, S. 2012. The use of modified and controlled atmospheres for the disinfestation of
stored products. J. Pest. Sci. 85, 301-322.
[17] Adler, C., Corinth, H.G., and Reichmuth, C.
(2000). Modified atmospheres. In Subramanyam, B., Hagstrum, D.W. (Eds.), Alternatives to
Pesticides in Stored Product IPM. Kluwer Academic Publishers MA USA. 105-146.
[18] Navarro, S. (2006). Modified atmospheres for
the control of stored products insects and mites.
In Heaps, J.W. (Ed.), Insect Management for
Food Storage and Processing. AACC International St. Paul MN USA. 105-145.

CONCLUSIONS
Our results indicates that 100% mortality of S.
oryzae adult reared on wheat diet required a minimum of four days exposure period at 45% CO2 concentration under MA5. Whereas on maize diet 100%
mortality an exposure period of five days is required
at 45% CO2concentration under MA5.Results indicate that maize diet induces vigor in reared insect as
compared to wheat diet and increase exposure time
to achieve mortality of exposed insects when same
concentration was applied for insects reared on both
diets. This study will serve as the baseline for the future research in Pakistan and due to its least hazardous effects on environment carbon dioxide has great
potential to replace toxin and environmentally hazardous fumigants already in practice especially
against stored grain pests.
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ties such as anti-pyretic, anti-arthritic, anti-hematemesis, anti-pneumonia, anti-tuberculosis, antiphlogistic, anti-hepatic, anti-dermatomycosis, and
wound-burn-fracture healing. Among the bryophytes, especially in the liverworts (Marchantiophyta), components such as lipophilic mono-, sesqui-, and diterpenoid compounds have been found.
The biologically active components of Marchantiophyta are fragrant, bitterness, sharpness, and sweetness, as well as allergic contact dermatitis, heartstrengthening, muscle relaxant, plant growth regulator, superoxide release inhibitor, thromboxane synthesis inhibitor, vasopressin activity counter, insecticidal. It has oxygenase inhibitor, antimicrobial, antifungal, and cytotoxic effects [2].
Liverworts contain various terpenes, terpenoids, phenolic compounds, bibenzyls and bisbenzyls. These substances have metabolic activities
against some other living forms. Terpenoids and
bis[bibenzyls] from Marchantia polymorpha L. have
been known for antimicrobial activities [3-4].
Marchantin A, marchantin B, marchantin E, neomarchantin A, plagiochin E, riccardin H, 13,13'-O-isoproylidenericcardin D shows antifungal activity [5].
Antiparasitic activity of Marchantin A and
Marchantin E is known [6]. Marchantine A,
Marchantin E, plagiochin A marked to have antiviral
activity against Influenza A and B viruses [7]. Macrocyclic bis [bi-benzyls] are found mainly in liverworts and lichens, especially in Marchantiaceae,
Radulaceae, Aneuraceae, Plagiochilaceae, Aytoniaceae, Jungermanniaceae, and Ricciaceae of liverworts. Marchantin A, a representative bis [bibenzyl]type constituent, is widespread in Marchantia species.
Antioxidants are defined as substances that prevent or delay the oxidation of substances that can
easily oxidize. Thus, it protects a substance from oxidizing. Free radicals that enter the organism from
the outside or produced in the organism act as an oxidant, preventing the organism from remaining
healthy. Free radicals; maybe in the form of oxygen
derivatives or nitrogen derivatives. In a normal cell,
oxidants and antioxidants are in balance. Disruption
of this balance in favor of free oxygen radicals is
called oxidative stress. Oxidative stress can cause
very serious health problems, including cell death.

ABSTRACT
In this study, the potential biological effects of
Marchantia polymorpha (Bryophyte) from Mount
Ida (Canakkale/Turkey) were investigated. M. polymorpha was extracted using the Soxhlet apparatus
with several organic solvents (hexane, chloroform,
acetone, ethanol, methanol, and aqueous) at different
concentrations. Phytochemical screening tests are
done to detect certain compounds. The total phenolic
content was determined with the Folin-Ciocalteau
method. Total flavonoid content was determined
with AlCl3 method. Ethanolic extract was found to
have higher total phenolic and flavonoid contents
(18.24 GAE/g extract and 23.06 mgQE/g extract, respectively) than the other extracts. Antioxidant activities were examined by DPPH and ABTS radical
scavenging assays. M. polymorpha extracts showed
that dose-dependent percent inhibition. The aqueous
extract had the highest DPPH percentage of scavenging activity (70.87% at a concentration of 80 μg/mL)
followed by methanolic extract (68.59%). For ABTS
radical scavenging activity, methanol extract showed
the highest inhibition (73.12%) than other extracts.
Various extracts were able to protect plasmid DNA
by oxidative damage. The present study showed that
M. polymorpha could be a potential source of antioxidants and protective effects against plasmid
DNA.
KEYWORDS:
Antioxidant activity, DNA protection, Marchantia polymorpha, Ida Mountain (Canakkale, Turkey)

INTRODUCTION
Bryophytes are taxonomically placed between
Thallophytes and Pteridophytes and subdivided into
Bryophyta with 14,000 species, Marchantiophyta
with almost 6000 species and Anthocerotophyta having 300 species. According to paleontological dating, they are the oldest terrestrial plant, originated
440-450 million years ago [1]. The studies have also
reported that bryophytes has lots of medical proper-
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Therefore, antioxidants stand out as very important
molecules in order not to disturb the oxidant-antioxidant balance. The importance of antioxidants has
led researchers to determine the antioxidant capacities of foods and biological samples and thus to develop antioxidant capacity methods.
In this study, the total antioxidant capacity of
liverwort, M. polymorpha, determined by DPPH and
ABTS methods and the results compared. The FolinCiocalteu method used for the total amount of phenolic substances.
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measured at 415 nm with an UV-Vis spectrophotometer. The total amount of flavonoid content was expressed in mg quercetin/g extract.
DPPH Radical Scavenging Assay. 2,2-Diphenyl-1-picrilhydrazyl (DPPH) radical scavenging assay of the M. polymorpha extracts was measured by
the method described by Brand-Williams et al. with
a slight modification [12]. Different concentrations
of extracts and standard were mixed with methanolic
DPPH solution. Then the mixture was shaken vigorously and allowed to stand for 30 min. in the dark at
room temperature. The reduction in absorption was
recorded at 517 nm using an ultraviolet-visible (UVVis) spectrophotometer against methanol as a blank.
The experiment was carried out in triplicate at each
concentration and BHT used as a standard. DPPH
free radical scavenging activity of the extracts (%)
was calculated using the formula [(AbscAbst)/Absc] x100, where Absc is the absorbance of
the control and Abst is the absorbance of the samples
and standard.

MATERIALS AND METHODS
Plant materials. Gametophytes of M. polymorpha L. (Figure 1) were collected from Ida Mountain (Kazdag) (03.05.2018), Canakkale, Turkey. The
plant was identified by Prof. Dr. Ozlem Tonguc
Yayintas. Voucher specimens are kept in the Canakkale Onsekiz Mart University, School of Applied
Sciences.

ABTS Radical Scavenging Assay. 2,2'-azinobis (3-ethylbenzothiazoline 6-sulfonate (ABTS) radical assay was determined according to the method
of Re et al. [13]. The assay generated by the reaction
of ABTS solution (7mM) in water and potassium
persulfate (2.45 mM) for 12-16 h in the dark at room
temperature. Various concentration of the extracts
was treated with diluted ABTS solution then the
mixture was incubating in dark at room temperature
for 30 min. The absorbance of the solution was
measured spectrophotometrically at 734 nm. All the
analyses were performed in triplicate. ABTS scavenging activity (%) was calculated using the following formula: [(Abs0-Abs1)/Abs0] x100, where Absc
is the absorbance of the control and Abst is the absorbance of the extract/standard.

Preparation of plant extracts. The dried and
powdered M. polymorpha was extracted from nonpolar to polar solvents using soxhlet apparatus
(Wisd. Wise Therm). After filtered through a filter
paper, the solvents were evaporated using a rotary
evaporator to obtain crude extracts.
Chemicals and reagents. 2,2-Diphenyl-1-picrilhydrazyl (DPPH), ƍ-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), Butylated hydroxytoluene (BHT), Quercetin, Gallic acid, FolinCiocalteau, potassium persulfate (K2S2O8), agarose,
tris, EDTA, H2O2 were purchased from Sigma-Aldrich. pBR322 plasmid DNA was purchased from
Thermo Fisher Scientific. All the solvents were purchased by Merck.

DNA damage protection potential. DNA
damage protection potential was performed using
supercoiled pBR322 plasmid DNA by agarose gel
electrophoresis with an oxidizing agent. pBR322
DNA in Tris-HCl buffer (10 mM, pH:7.2) treated
with the extracts of M. polymorpha at 370C for 3h.
To determine the mechanism of damage protection
potential 3% H2O2 was added to mixture as an oxidizing agent. After incubation loading buffer (0.25%
bromophenol blue, 0.25% xylene cyanol FF, and
30% glycerol) was added and samples were analyzed
by gel electrophoresis on 1% agarose gel (containing
ethidium bromide) in TBE buffer (40 mM Tris-acetate, 1mM EDTA at pH 8.2) for 1 hr. at 60V. Then,
the DNA bands were visualized under UV light and
photographed (Quantum ST4 gel imagining system,
Vilbar Lourmat).

Phytochemical screening. Phytochemical
screening of the M. polymorpha extracts was done
with standard protocols to determine coumarins, cardiac glycosides, phlabotannins, quinones, flavanones, anthocyanins, tannins, and saponins [8-9].
Determination of total phenolic content. Total phenolic content was determined using the FolinCiocalteau reagent according to the methods of [10].
A calibration curve was prepared using Gallic acid
as standard phenolic compound. The absorbance was
recorded by spectrophotometer at 760 nm. The total
phenolic content was expressed as mg gallic acid
equivalents/g extract.
Determination of total flavonoid content.
The total amount of flavonoid content was deterPLQHGE\0DWHMLüHWDO [11]. A calibration curve was
prepared using quercetin as standard flavonoid compound. The absorbance value of the mixture was
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TABLE 1
Phytochemical screening of Marchantia polymorpha
Cited References

HE

CE

AE

EE

ME

AQE

Current Work
[23]
[22]
Current Work
[23]
[25]
[22]
Current Work
[23]
[25]
[22]
Current Work
[23]
[22]
Current Work
[23]
[25]
[22]
Current Work
[23]
[22]
Current Work
[23]
[22]

+
+
NULL
+
NULL
NULL
NULL
NULL
NULL
NULL
++
NULL
NULL
NULL
NULL
NULL
NULL

+++
+
NULL
++
NULL
NULL
NULL
NULL
NULL
NULL
+++
NULL
NULL
NULL
NULL
+
+
NULL
NULL

+
NULL
NULL
+
NULL
NULL
NULL
NULL
NULL
NULL
++
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL

+++
+
NULL
++
NULL
NULL
NULL
NULL
NULL
NULL
++
+++
NULL
NULL
NULL
NULL
++
+
NULL
+
NULL

+++
+
NULL
++
NULL
NULL
NULL
NULL
NULL
NULL
+++
+++
NULL
NULL
NULL
NULL
+
NULL
+
NULL

++
NULL
+++
NULL
NULL
NULL
+
NULL
NULL
NULL
++
NULL
NULL
NULL
NULL
NULL
+
NULL

Compound
Coumarins

Cardiac
Glycosides

Phlabotannis

Flavanones

Anthocyanins

Tannins

Saponins

HE: Hexane extract; CE: Chloroform extract; AE: Acetone extract; EE: Ethanol extract; ME: Methanol extract; AQE: Aqueous extract; +++: Highly present, ++: Moderately, +: Low, -: Absent

flowers, and peels. In addition to being a part of human nutrition by being consumed naturally, they also
used for medical purposes. Since ancient times, people have been making use of herbal resources to improve common health problems. However, the importance of these compounds on health has been understood by scientific studies in recent years. Phenolic compounds can contribute to the taste and
aroma of many plant-based foods [15].
The phytochemical screening is showed in Table 1. It indicated the presence of secondary metabolites like alkaloids, phenols, tannins, flavonoids,
coumarins, steroids, and sugars, whereas anthocyanin’s and saponins were not present.

RESULTS
The majority of plants show antimicrobial activity thanks to the phytochemicals they contain [14].
Metabolites that cause antimicrobial activity in moss
are primary metabolites. It is mandatory for almost
all living organisms and derives from primary metabolism reactions. These include carbohydrates, nucleotides, proteins, tricarboxylic acid cycle intermediates, lipids, diffuse pigments of photosynthetic
processes, and lignin. The primary metabolism of
bryophytes is very similar to that of vascular plants.
Essential compounds such as cellulose in the cell
walls include chlorophyll a, chlorophyll b, main carotenoids, starch, nucleic acids, sugars, and some lipids. Plants produce organic substances that do not
have vital value with their secondary metabolism
and are not directly involved in the growth and development of the plant. Secondary metabolites
chemically collected in 3 different groups. These are
terpenes, phenolic, and alkaloids [2]. In studies with
bryophytes, lignin-like aromatic compounds, carbohydrates, amino acids encountered.

Total phenolic content. Phenolic compounds,
which have attracted attention in the last decade, are
thought to trigger pharmacological effects on diet
through antioxidant mechanisms. In addition to the
antioxidant effects of natural phenolic compounds, it
is understood that the therapeutic potential of blood
sugar should be investigated.
Total phenolic content of various extracts of M.
polymorpha was varying widely between 4.54 ± 0.07
to 18.24±0.20 GAE/g extract. Ethanolic extract of
M. polymorpha was demonstrating higher total phenolic content (18.24±0.20 GAE/g extract) than the

Phytochemical screening. Phenolic substances are found in fruits, vegetables, leaves, seeds,
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methanol, chloroform, acetone, hexane, and aqueous
solvent extracts; 13.68±0.11; 12.68±0.18; 10.26
±0.08; 8.32±0.15; and 4.54±0.07, respectively. In a
previous study on M. polymorpha, one of the phenolic acids, Rosmarinic acid, was found to be higher
than other acids (Table 2). This is a highly valued
natural phenolic compound that is very commonly
found in plants of the Lamiaceae and Boraginaceae
families. It is also found in other members of higher
plant families and in some of fern and horned liverwort species. Rosmarinic acid has been reported to
have some biological activities such as anti-HIV-1,
antibacterial, antioxidant, anti-carcinogen, anti-allergic activities and antiviral properties in in-vitro
studies. In vivo studies have also shown that Rosmarinic acid has antiallergic, antithrombosis, and anticarcinogenic properties. The industry is increasingly
interested in natural food preservatives, antimicrobials, and antioxidants because of their many beneficial effects [16].
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Total flavonoid content. The total flavonoid
content was high in ethanol (23.06 ± 0.06 mg QE/g
extract) followed by chloroform and methanol
(16.05 ± 0.13 and 15.23 ± 0.17 mg QE/g extract, respectively). Some of the studies also shown that the
total flavonoid contents of liverworts were mostly
higher than mosses. The total flavonoid contents of
epiphytic bryophytes and growing at lower light levels and at low-latitudes species of bryophytes were
higher than other bryophytes [17].
Antioxidant activity. DPPH free radical
scavenging activity. Antioxidant substances are
strong enough to remove free radicals in the environment. DPPH* and ABTS+ are stable free radical
method which is a rapid, easy and sensitive way to
study the antioxidant activity of plant extracts [18].
The % inhibition values of DPPH free radical removal activity depending on the absorbance’s measured at 517 nm in the radical removal experiments
performed according to the DPPH method shown in
Figure 1.

TABLE 2
Phenolic acid content of M. polymorpha [22]
Compound
Number

Compound Name

Retention Time

Area

Area%

Height

Calculated
Quantity

1
2
3
4
5
6
7
8
9
10
11
12

Gallic Acid
4-Hydroxy benzoic acid
Chlorogenic Acid
Vanillic Acid
Caffeic Acid
Syrinic Acid
Kumaric Acid
Routine
Benzoic Acid
Cinnamic Acid
Rosmarinic Acid
Quarcetin

4.941
13.758
14.112
16.127
16.644
17.304
23.839
28.024
31.129
34.058
37.031
42.742

37.579
9608
6985
8522
5427
3191
3920
1333
871
1349
224521
3674

12.24
3.13
2.28
2.78
1.77
1.04
1.28
0.43
0.28
0.44
73.14
1.20

3449
1153
551
856
505
354
336
122
124
100
20076
609

0.090
0.047
0.031
0.036
0.012
0.008
0.006
0.012
0.015
0.002
1.199
0.190

% DPPH Scavenging Activity
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AQE
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FIGURE 1
DPPH free radical scavenging activity of M. polymorpha extracts.
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% scavenging activity (ABTS)
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FIGURE 2
ABTS radical scavenging activity of M. polymorpha extracts.
Different concentrations of hexane, chloroform, acetone, ethanol, methanol, and aqueous extracts of M. polymorpha for free radicals of DPPH
showed remarkable scavenging activities. Aqueous
extract showed the highest percentage of scavenging
activity (lowest IC50 3.24 μg/ml) followed by methanol extract.

cause excessive radicals to form, causing direct damage to DNA. For example, it can affect DNA, causing cell change, denaturation, and even fatal outcomes [19-20].
In the presence of H2O2 as the oxidizer, DNA
damage protection results were examined from images of bands on agarose gel. When the original
supercoiled form (Form I) of the pBR322 plasmid
DNA is opened with damage, the open circular form
(Form II) occurs, and with more fractures, the linear
form (Form III) can also be found. When DNA undergoes gel electrophoresis, Form I progress faster in
gel than others, while Form II moves slower and
Form III, moves between Form I and Form II.
The hexane and acetone extracts cleaved the
DNA and forming a Form II, aqueous extract
cleaved the DNA at a concentration of 2 μM forming
Form III and Form II structure. In the presence of
chloroform, ethanolic and methanolic extracts were
able to protect supercoiled pBR322 DNA against by
the oxidative damage (Figure 3).

ABTS radical scavenging activity. ABTS+
(2, 2 azobis-(3-ethylben-zothiozoline-6-sulphonic
acid)) radical cation scavenging capacities of hexane, chloroform, acetone, ethanol, methanol, aqueous extracts including BHT were arranged in Figure
2. Among various fractions methanol extract possessed the highest ABTS radical scavenging activity
(73.12%), while hexane showed the lowest ABTS
radical scavenging activity (31.97 %).
Effect of Reactive Oxygen Species on DNA.
Many factors can cause oxidative damage in the
DNA structure. High oxygen concentration, ionizing
radiation, xanthine oxidase, and various chemicals

Form II
Form III
Form I

FIGURE 3
Agarose gel electrophoresis patterns for the oxidative damage of pBR322 DNA by M. polymorpha extracts
M. Marker, 1. Plazmid DNA, 2. DNA+ H2O2, 3. DNA+ 2 PM HE + H2O2, 4. DNA+ 2 PM CE+ H2O2, 5. DNA+ 2 PM EE+
H2O2, 6. DNA+ 2 PM AE+ H2O2, 7. DNA+ 2 PM ME+ H2O2, 8. DNA+ 2 PM AQE+H2O2
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investigate its synthesis ability, ability to be used as
a drug substance and preservative.

DISCUSSION
Secondary compounds of liverworts such as
terpenoids, aromatic compounds, acetogenins, coumarins, cardiac glycosides, phlabotannins, quinones,
flavanones, anthocyanins, tannins, and saponins several of which show interesting biological activity
[21, 22]. The amount of total phenol content reported
in ethanolic extract in the present study was higher
(18.24 mg/g) than the Krishnan and Murugan (2013)
studies (12.5 mg/g) [23]. When we compared our
studies to Rana et al (2018), ethanol extract (19.31
mg/g) shown that notable [24]. The quantity of flavonoid value found the highest in ethanol extract
(23.06 mg/g). Ethanol solvent indicated the highest
efficiency for flavonoids and phenolic compounds.
This situation can be explaining spring period data
higher than winter period because of climatic
changes and plant growth factors. Most of the literature mentions that on total flavonoid concentrations
in Spermatophyte species, the range was from 0.095
mg/g to 25.01 mg/g and in most Pteridophytes was
greater than 50.0 mg/g [17].
The screening for the antioxidant property by
DPPH assay revealed slightly higher antioxidant activity in aqueous extract of M. polymorpha than
methanolic extract. Remarkably, M. polymorpha revealed considerable DPPH radical scavenging activities comparable with higher plants and also with the
reference compounds. This finding sign evaluated
M. polymorpha as potential radical scavengers
which is ideal natural antioxidants. The antioxidant
property by ABTS assay revealed higher antioxidant
activity in methanolic extract of M. polymorpha than
acetone and ethanolic extracts. Krishnan and Murugan (2013) reported that inhibition of concentration
at 1000 μg/mL ethanol and aqueous extract of the M.
polymorpha 88% and 67.21%, respectively [23].
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LQGH[ DUH GHWHUPLQHG *,6 WHFKQRORJ\ LV XVHG WR
ILQDOL]H WKH ILQH ]RQLQJ RI WKH VXLWDEOHQHVV RI WKH
PLOOHW



WRWDOFHUHDOSURGXFWLRQDQGWKHPDLQJURZLQJDUHDV
DUH GLVWULEXWHG LQ DULG DQG VHPLDULG UHJLRQV LQ WKH
QRUWK 7KH 1DWLRQDO &URS 3URGXFWLRQ 6WUXFWXUH
$GMXVWPHQW 3ODQ   SRLQWHG RXW WKDW WKH
FRUQ DUHD LQ WKH ³6KRYHO %HQG´ UHJLRQ VKRXOG EH
DSSURSULDWHO\UHGXFHGDQGWKHGURXJKWWROHUDQWDQG
SRRUWROHUDQW SRWDWR DQG PLVFHOODQHRXV FHUHDO
JUDLQV VKRXOGEH UHSODQWHG WR PHHW PDUNHW GHPDQG
DQG SURWHFW WKH HFRORJLFDO HQYLURQPHQW ,W FDQ EH
VHHQWKDWGURXJKWWROHUDQWSRRUWROHUDQWJUDLQVVXFK
DV PLOOHW DUH UHFHLYLQJ PRUH DQG PRUH DWWHQWLRQ ,W
LVRIJUHDWVLJQLILFDQFHWRJUDVSWKHJHQHUDOGLVWULEX
WLRQRIWKHTXDOLW\RIPLOOHWUHVRXUFHVLQVSDFHDQG
WRHIIHFWLYHO\GHYHORSWKHPLOOHWUHVRXUFHVDQGILQG
H[FHOOHQWPLOOHWFXOWLYDWLRQ>@
$WSUHVHQWPLOOHWLQ&KLQDLVPDLQO\JURZQLQ
+XDLKH 5LYHU +DQ 5LYHU QRUWK RI 4LQOLQJ 0RXQ
WDLQV HDVW RI +H[L &RUULGRU <LQVKDQ 0RXQWDLQV
VRXWK RI +HLORQJMLDQJ DQG ZHVW RI %RKDL ZLWK D
WRWDO DFUHDJH RI DERXW  PLOOLRQ KP $PRQJ
WKHP+HLORQJMLDQJ+HQDQ+HEHL,QQHU0RQJROLD
6KDQ[L DQG 6KDQ[L KDYH UHODWLYHO\ ODUJHU SODQWLQJ
DUHDV ,Q WKH ZRUOG PLOOHW LV PDLQO\ SODQWHG LQ
6RXWKHDVW$VLD6RXWK$PHULFDDQGVRPH(XURSHDQ
FRXQWULHV VXFK DV -DSDQ ,QGLD HWF (FRORJLFDO
IDFWRUV DIIHFW WKH RYHUDOO GLVWULEXWLRQ RI FURSV
ZKLFKLQFOXGHVRLOFOLPDWHWRSRJUDSK\HWFPRVW
O\VWDQGIRUHVVHQWLDOFRQGLWLRQVIRUFURSJURZWK,Q
WKH]RQLQJUHVHDUFKRIFURSVWKHVHIDFWRUVDUHEDVHG
WR HVWDEOLVK D HYDOXDWLRQ LQGH[ V\VWHP IRU WKH ]RQ
LQJRIWKHSURGXFWLRQRIFURSV0LOOHW3ODQWLQJ
7HFKQLFDO*XLGDQFH7KHPDMRUSURGXFLQJUHJLRQRI
PLOOHW LQ &KLQD LQFOXGHV WKH QRUWKHDVW VSULQJ DUHD
WKH QRUWKZHVW VSULQJ DUHD DQG WKH QRUWK &KLQD
VXPPHUDUHD&KLQD¶VDQQXDOSODQWLQJDUHDRIPLOOHW
LVDERXWPLOOLRQPX+HLORQJMLDQJ3URYLQFHLVDQ
LPSRUWDQWPLOOHWSODQWLQJEDVHLQWKHQRUWKHDVWDUHD
,WKDVDFRQWLQHQWDOPRQVRRQFOLPDWHEHWZHHQWHP
SHUDWHDQGFROG]RQHV7KHDQQXDODYHUDJHWHPSHUD
WXUH LV a GHJUHHV &HOVLXV 7KH WHPSHUDWXUH LV
UHGXFHG IURP VRXWK WR QRUWK DQG WKH GLIIHUHQFH
EHWZHHQ QRUWK DQG VRXWK LV  GHJUHHV &HOVLXV
6XPPHU WHPSHUDWXUHV DUH KLJK SUHFLSLWDWLRQ LV
KLJK DQG WKH LOOXPLQDWLRQ WLPH LV ORQJ ZKLFK LV
VXLWDEOH IRU FURS JURZWK 7KH VRODU UDGLDWLRQ UH
VRXUFHLVULFKDQGWKHDQQXDOVRODUUDGLDWLRQHQHUJ\
LVNFDOSHUVTXDUHFHQWLPHWHU+HLORQJMLDQJ
KDV WKH KLJKHVW ZLQG VSHHG LQ VSULQJ WKH PRVW

.(<:25'6
0LOOHW=RQLQJ*,6$JULFXOWXUDO&OLPDWH6RLO



,1752'8&7,21

6HWDULDitalicaDOVRNQRZQDVPLOOHWLVDJHQXV
RIWKHSetaria inPoaceae. 2ULJLQDWHGLQ&KLQDLWLV
RQH RI WKH ROGHVW IRRG FURSV 0LOOHW KDV WKH DG
YDQWDJHVRIVKRUWJURZWKSHULRGZLGHDGDSWDELOLW\
GURXJKWWROHUDQFHSRRUWROHUDQFHDQGJUDLQVWRUDJH
UHVLVWDQFH &KLQD DFFRXQWV IRU  RI WKH ZRUOG V
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ZLQG\ GD\V LQ WKH VRXWKZHVW DQG DEXQGDQW ZLQG
HQHUJ\ UHVRXUFHV +RZHYHU WKH WHUUDLQ DQG JHR
PRUSKRORJ\ RI WKH DUHD DUH FRPSOH[ GLIIHUHQW VLWH
FRQGLWLRQV DUH IRUPHG DQG WKH +HLORQJMLDQJ PLOOHW
]RQLQJLVQRWFOHDU7KHUHIRUHXVLQJQHZWHFKQROR
JLHV DQG PHWKRGV VXFK DV JHRJUDSKLF UHPRWH VHQV
LQJ *,6  V\VWHP WR VWXG\ WKH RSWLPDO OD\RXW RI
PLOOHW SODQWLQJ LQ +HLORQJMLDQJ 3URYLQFH SODQWLQJ
PLOOHW LQ +HLORQJMLDQJ LPSURYLQJ WKH TXDOLW\ RI
PLOOHWLPSURYLQJWKHFRUHFRPSHWLWLYHQHVVRIDJUL
FXOWXUDOGHYHORSPHQWLQ+HLORQJMLDQJ3URYLQFHDQG
LQFUHDVLQJ IDUPHUV  LQFRPH DQG GHYHORSPHQW ORFDO
HFRQRP\DQGLQFUHDVLQJUHYHQXHDUHRIJUHDWVLJQLI
LFDQFH>@
7KHDJURFOLPDWLF]RQLQJLVEDVHGRQWKHSULQ
FLSOHWKDWWKHJHRJUDSKLFDOGLVWULEXWLRQJURZWKDQG
GHYHORSPHQWRIWKHPDLQDJULFXOWXUDORUJDQLVPVDUH
GHWHUPLQHG7KHEDVLFPHWKRGRI]RQLQJLVXVHGWR
GLYLGHDFHUWDLQDUHDLQWRGLIIHUHQWOHYHOVRIUHJLRQDO
XQLWV,WJXLGHVWKHVFLHQWLILFDGMXVWPHQWRIDJULFXO
WXUDO VWUXFWXUH DQG SODQWLQJ V\VWHP OD\RXW 7KH
FRPSUHKHQVLYH XVHRI*,6 WHFKQRORJ\ WR VWXG\ WKH
VSHFLDO FOLPDWH ]RQLQJ RI FURSV DQG LPSURYH WKH
DFFXUDF\RI]RQLQJUHVXOWVKDYHEHHQZLGHO\XVHGLQ
DJULFXOWXUDO FOLPDWH ]RQLQJ DQG KDYH UHFHLYHG LQ
FUHDVLQJ DWWHQWLRQ 1RZDGD\V PRUH UHVHDUFK KDV
EHHQ GRQH RQ FURS ]RQLQJ XVLQJ *,6 DQG PDQ\
DFKLHYHPHQWV KDYHEHHQ PDGH>@ 2SWLPL]HG ]RQ
LQJ RI ZKHDW DQG VXJDU FDQH SODQWLQJ E\ *,6$(=
WHFKQRORJ\>@5HO\LQJRQ*,6WHFKQRORJ\WRFDUU\
RXW .ULJLQJ LQWHUSRODWLRQ RI FOLPDWH LQGLFDWRUV DQG
XVLQJ *,6 TXHU\ GUDZLQJ WR REWDLQ WKH VXLWDEOH
UHJLRQDOL]DWLRQ RI /LPD LQ %ROLYLD >@ 8VLQJ
$UFYLHZ  VRIWZDUH DQG UHO\LQJ RQ *,6 VSDWLDO
DQDO\VLV WR REWDLQ DJURHFRORJLFDO ]RQLQJ PDSV LQ
WKHSODLQVRI%DIUDDQG&KDOFDPEDLQ7XUNH\>@$
QHZ W\SH RI DJURFOLPDWLF FODVVLILFDWLRQ IRU FURS
VXLWDELOLW\ XVLQJ *,6 GDWDVHWV LQ VHPLDULG UHJLRQV
RI QRUWKHUQ (WKLRSLD >@ /DQG 6XLWDELOLW\ (YDOXD
WLRQRI*UDLQ&URSVLQWKH0DVKKDG3ODLQRI1RUWK
HDVWHUQ ,UDQ 8VLQJ *,6 ([SODLQ WKH HIIHFWV RI FOL
PDWHYDULDEOHVDQGWKHOHQJWKRIWKHUDLQ\VHDVRQRQ
FURS \LHOGV LQ WKH VHPLDULG %RWVZDQD UHJLRQ >@
$QDO\VLV RI ZKHWKHU JOREDO PRGHOLQJ WHFKQLTXHV
FDQEHXVHGIRUFURSFODVVLILFDWLRQ
)URP WKH FXUUHQW UHVHDUFK DQG DSSOLFDWLRQ RI
FURS ]RQLQJ LQ IRUHLJQ FRXQWULHV WKHUH DUH PDQ\
UHVHDUFKHVRQWKHVXLWDELOLW\RIFURSSODQWLQJ]RQLQJ
ZLWK*,6DQGWKHUHDUHIHZUHSRUWVRQWKHUHVHDUFK
RI ILQH ]RQLQJ RI PLOOHW SODQWLQJ 7R HVWDEOLVK D
FRPSUHKHQVLYH XQGHUVWDQGLQJ RI DJULFXOWXUDO FOL
PDWH DQG VRLO UHVRXUFHV LQ PLOOHW SODQWLQJ LQ +HL
ORQJMLDQJ3URYLQFHFOLPDWHREVHUYDWLRQGDWDRI
PHWHRURORJLFDO VWDWLRQVIURP  WR DQG WKH
JHRJUDSKLF LQIRUPDWLRQ RI FRUUHVSRQGLQJ VLWHV LQ
+HLORQJMLDQJ3URYLQFHDORQJZLWKWKHVRLOGDWDDQG
WKHJHRJUDSKLFDOLQIRUPDWLRQRIFRUUHVSRQGLQJVLWHV
EDVHGRQWKHIHUWLOLW\PHDVXUHPHQWGDWDSURYLGHGE\
WKH ,QVWLWXWH RI 6RLO )HUWLOL]HU DQG (QYLURQPHQWDO
5HVRXUFHVRI+HLORQJMLDQJ$FDGHP\RI$JULFXOWXU

DO 6FLHQFHV XVLQJ WKH VWHSZLVH UHJUHVVLRQ DQDO\VLV
PHWKRG DQG WKH 3DQ.ULJLQJ VSDFH LQWHUSRODWLRQ
PHWKRGWRHVWDEOLVKWKHVSDWLDOVLPXODWLRQPRGHORI
LQGH[IDFWRU)LQHJULGHVWLPDWLRQDQGUHVLGXDOFRU
UHFWLRQ FDOFXODWLRQ DUH FDUULHG RXW IRU WKH ]RQLQJ
LQGH[IDFWRUVDQGUHVLGXDOV7KHHOHYDWLRQGDWDXVHV
P P6570'(0GDWDWRH[WUDFWWKHODWLWXGH
ORQJLWXGHVORSHDQGDVSHFWGDWDRIHDFKJULGSRLQW
(QWURS\PHWKRGLVXVHGWRGHWHUPLQHWKHZHLJKWRI
WKH HYDOXDWLRQ LQGH[ RI PLOOHW VXLWDELOLW\ LQ +HL
ORQJMLDQJ 3URYLQFH 7KHQ EDVHG RQ WKH GHWHUPLQHG
FOLPDWH VRLO DQG WRSRJUDSK\ GDWD WR UHVROYH WKH
FRPSUHKHQVLYHLQGH[RIFOLPDWHVRLODQGVXLWDELOLW\
OHYHOV7KHFRPSUHKHQVLYHLQGH[UDQNLQJDQGHYDO
XDWLRQ XQLW UDQNLQJ DUH XVHG WR GUDZ D FRPSRVLWH
LQGH[ GLVWULEXWLRQ PDS $FFRUGLQJ WR WKH VXGGHQ
FKDQJHRISRLQW LQIOHFWLRQSRLQW RIWKHVORSHRIWKH
FXUYHWKHQXPEHURIOHYHOVDQGWKHFULWLFDOSRLQWRI
WKHFRPSUHKHQVLYHLQGH[DUHGHWHUPLQHG*,6WHFK
QRORJ\ LV XVHG WR ILQDOL]H WKH ILQH ]RQLQJ RI WKH
VXLWDEOHQHVV RI WKH PLOOHW 7KH VXLWDEOH DUHDV RI
PLOOHW LQ +HLORQJMLDQJ 3URYLQFH DUH GLYLGHG LQWR
IRXUW\SHVWKHPRVWVXLWDEOHDUHDWKHVXLWDEOHDUHD
WKH PRGHUDWH VXLWDEOH DUHD DQG WKH XQVXLWDEOH DUHD
7KH PHWHRURORJLFDO VWDWLRQV XVHG DUH YHU\ GHQVH
DQG WKH WHUUDLQ GDWD LV PRUH DFFXUDWH 7KH PXOWL
UHJUHVVLRQ UHVLGXDO FRUUHFWLRQ PHWKRG LV XVHG WR
LPSURYH WKH ILWWLQJ GHJUHH RI FOLPDWH IDFWRUV 7KH
.ULJLQJPHWKRGLVXVHGIRUVSDWLDOLQWHUSRODWLRQDQG
FURVVFKHFNLQJ 7KH LQWHUSRODWHG GDWD LV JULGGHG
7KH SURFHVVLQJ WKH VLPXODWLRQ DFFXUDF\ DQG WKH
GLYLVLRQDFFXUDF\DUHVLJQLILFDQWO\LPSURYHG


0$7(5,$/6$1'0(7+2'6

'DWD VRXUFHV DQG SURFHVVLQJ 7KH GDWD VH
OHFWHGLVGDLO\REVHUYDWLRQGDWDRIVXUIDFHPHWHRUR
ORJLFDO HOHPHQWV IURP  VWDWLRQV LQ +HLORQJMLDQJ
3URYLQFH IURP  WR  ZKLFK LQFOXGHV WKH
JHRJUDSKLF LQIRUPDWLRQ ODWLWXGH DQG ORQJLWXGH
DOWLWXGH P GDLO\PD[LPXPWHPSHUDWXUH &HOVLXV 
GDLO\PLQLPXPWHPSHUDWXUH &HOVLXV SUHFLSLWDWLRQ
VWDWLVWLFV PLOOLPHWHUV  IURP  WR  KRXUV DQG
VXQVKLQHKRXUV KRXU 8VLQJ0RQJR'%DQG6WDFN
OHVV 3\WKRQ WR VWRUH DQG FUHDWH GDWD KDQGOHUV WR
ILOWHULQJDQGSURFHVVLQJRIGDWDHOLPLQDWLQJPLVVLQJ
HOHPHQWV LQ GDLO\ REVHUYDWLRQ GDWD FDOFXODWLQJ
WHPSHUDWXUH SUHFLSLWDWLRQ VXQVKLQH GDWD DFFXPX
ODWHGWHPSHUDWXUHJUHDWHUWKDQ&HWFLQ\HDUV
E\GD\VPRQWKVHDVRQDQG\HDU6RLOGDWDIURP
WKHIHUWLOLW\PHDVXUHPHQWGDWDSURYLGHGE\WKH6RLO
)HUWLOL]HU DQG (QYLURQPHQWDO 5HVRXUFHV 5HVHDUFK
RI +HLORQJMLDQJ $FDGHP\ RI $JULFXOWXUDO 6FLHQFHV
DQG WKH JHRJUDSKLFDO EDVLV LQIRUPDWLRQ GDWD RI WKH
FRUUHVSRQGLQJ SRLQWV 7KH &KLQD GLJLWDO HOHYDWLRQ
PRGHO GDWD LV GRZQORDGHG IURP WKH VKDULQJ SODW
IRUP RI WKH &KLQHVH $FDGHP\ RI 6FLHQFHV
KWWSGDWDPLUURUFVGEFQLQGH[MVS  7KH ODWLWXGH
ORQJLWXGH DOWLWXGH VORSH DQG 6ORSH GDWD DUH H[
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WUDFWHGIURPWKHP P6570'(0GDWD>@
,QIRUPDWLRQ RQ WKH DGPLQLVWUDWLYH ERXQGDULHV LQ
FOXGLQJ FRXQW\ ERXQGDULHV  RI  LQ +HL
ORQJMLDQJ3URYLQFH>@

6HOHFWLRQ RI ]RQLQJ IDFWRUV +HLORQJMLDQJ
3URYLQFH LV EHWZHHQ ƍ ƍ 1 ƍ
ƍ(DERXWNLORPHWHUVORQJIURPQRUWK
WR VRXWK DQG  NLORPHWHUV ZLGH IURP HDVW WR
ZHVW ZLWK DQ DUHD RI  VTXDUH NLORPHWHUV
7KH DUHD LV YDVW DQG WKH FOLPDWH W\SHV DUH GLYHUVH
7KH JURZWK HQYLURQPHQW RI GLIIHUHQW FURSV LV GLI
IHUHQW DQG WKH ]RQLQJ LQGLFDWRUV XVHG DUH DOVR GLI
IHUHQW ,Q RUGHU WR FUHDWH WKH ]RQLQJ PDS RI WKH
VXLWDELOLW\ RI PLOOHW LQ +HLORQJMLDQJ 3URYLQFH LW LV
QHFHVVDU\WRGHWHUPLQHWKHFOLPDWHLQGH[VRLOLQGH[
DQG WRSRJUDSKLF LQGH[ UHODWHG WR WKH JURZWK RI
PLOOHW>@0LOOHWLVDWKHUPRSKLOLFFURSZKRVH
\LHOG LV SRVLWLYHO\ FRUUHODWHG ZLWK WKH WHPSHUDWXUH
IDFWRU %DVHG RQ WKH FRPSUHKHQVLYH OLWHUDWXUH >
@ ILYH FOLPDWH IDFWRUV ILYH VRLO IDFWRUV DQG WZR
WRSRJUDSKLF IDFWRUV 7DEOH   DUH VHOHFWHG IRU WKH
HFRORJLFDO VXLWDELOLW\ ]RQLQJ RI PLOOHW LQ +HL
ORQJMLDQJ3URYLQFH

=RQLQJ PHWKRG 7R FDUU\ RXW WKH HFRORJLFDO
VXLWDELOLW\RIWKHPLOOHWILUVWO\WKHGDWDRIWKHSRLQW
GLVWULEXWLRQ VKRXOG EH UHSUHVHQWHG RQ WKH VSDFH
VXUIDFH ,Q WKLV VWXG\ WKH DYHUDJH WHPSHUDWXUH LQ
0D\2FWREHU WKH DYHUDJH WHPSHUDWXUH LQ -XQH
$XJXVW DQG WKH DFFXPXODWHG WHPSHUDWXUH JUHDWHU
WKDQ&ZHUHVLPXODWHGE\PXOWLVWHSUHJUHVVLRQ
DQDO\VLVDQGUHVLGXDOLQWHUSRODWLRQ:LWKHDFKIDFWRU
DVWKHGHSHQGHQWYDULDEOHWKHPXOWLVWHSUHJUHVVLRQ
PRGHO RI DYHUDJH WHPSHUDWXUH IURP 0D\ WR 2FWR
EHUDYHUDJHWHPSHUDWXUHIURP-XQHWR$XJXVWDQG
DFFXPXODWHG WHPSHUDWXUH JUHDWHU WKDQ  & DUH
HVWDEOLVKHG ZLWK WKH ORQJLWXGH ODWLWXGH DQG VHD
ZDYHDVWKHLQGHSHQGHQWYDULDEOHV7KHUHVLGXDOVRI
HDFK VWDWLRQ DUH REWDLQHG DQG WKH UHVLGXDOV DUH
VSDWLDOO\ LQWHUSRODWHG 7KH GLIIHUHQW LQWHUSRODWLRQ
PHWKRGV DUH FURVVYDOLGDWHG DQG WKH PRVW VXLWDEOH
LQWHUSRODWLRQPHWKRGLVVHOHFWHGWRILQDOO\REWDLQWKH
UHVLGXDORIWKHJULG7KHUHJUHVVLRQHTXDWLRQLVXVHG
WR FDOFXODWH WKH UHVXOW ZKLFK LV DGGHG ZLWK WKH UH
VLGXDO LQWHUSRODWLRQ UHVXOW 7KHQ JHW WKH UDVWHUL]HG
PHWHRURORJLFDOGDWD'XHWRWKHGLYHUVLW\DQGLQVWD
ELOLW\RIFOLPDWHLQ+HLORQJMLDQJ3URYLQFHWKHDOWL
WXGHGLIIHUHQFHYDULHVJUHDWO\7KHSUHFLSLWDWLRQDQG
VRLOIDFWRUVLPXODWLRQLQ-XO$XJLVYHU\GLIILFXOW,Q
WKH PXOWLYDULDWH VWHSZLVH UHJUHVVLRQ DQDO\VLV 5 LV
OHVVWKDQDQGWKHILWWLQJHIIHFWLVSRRU,QIDFW
WKH SUHFLSLWDWLRQ YDULHV JUHDWO\ IURP UHJLRQ WR UH
JLRQ$VLPSOHUHJUHVVLRQHTXDWLRQLVQRWHQRXJKWR
IXOO\ H[SODLQ WKH KXJH GLIIHUHQFHV LQ GLIIHUHQW UH
JLRQV 7KH VLPXODWLRQ HIIHFW KDV QR DGYDQWDJH DQG
WKHPRGHOLQJLVQRWYHU\JRRG7KHUHIRUHIURPWKH
SHUVSHFWLYH RI JHRVSDWLDO LQ WKH ]RQLQJ VSDWLDO LQ
WHUSRODWLRQVSDWLDOFOXVWHULQJDQGRWKHUPHWKRGVDUH


XVHGWRHVWDEOLVKWKHJULGOD\HURISUHFLSLWDWLRQIURP
-XO\ WR $XJXVW VXQVKLQH KRXUV IURP 0D\ WR $X
JXVWDQGVRLOIDFWRUV
7KH FRQVWUXFWLRQ RI WKH HFRORJLFDO VXLWDELOLW\
HYDOXDWLRQLQGH[V\VWHPIRUPLOOHWSODQWLQJLQ+HL
ORQJMLDQJ3URYLQFHLVDNH\LVVXHIRUWKHHFRORJLFDO
VXLWDELOLW\]RQLQJRIPLOOHWSODQWLQJLQ+HLORQJMLDQJ
3URYLQFH 7KH JURZWK RI PLOOHW LV DIIHFWHG E\ FOL
PDWHVRLOWRSRJUDSK\DQGRWKHUDVSHFWV(VWDEOLVK
LQJ D FRUUHFW DQG UHDVRQDEOH HYDOXDWLRQ LQGH[ V\V
WHPWRHYDOXDWHWKHHFRORJLFDOVXLWDELOLW\RIPLOOHWLQ
+HLORQJMLDQJ 3URYLQFH LV WKH SUHPLVH RI ]RQLQJ
$FFRUGLQJ WR WKH VHOHFWHG HYDOXDWLRQ IDFWRUV RI
VXLWDEOHSODQWLQJRIPLOOHWLQ+HLORQJMLDQJ3URYLQFH
LQFOXGLQJ  SULPDU\ IDFWRUV RI FOLPDWH VRLO DQG
WRSRJUDSK\ZKLFKDUHGHWHUPLQHGE\FRQVXOWLQJWKH
OLWHUDWXUHV FOLPDWHVRLOWRSRJUDSK\   DQG 
VHFRQGDU\IDFWRUV(QWURS\PHWKRGLVXVHGIRUHDFK
ILUVWOHYHO IDFWRU WR GHWHUPLQH WKH ZHLJKW RI WKH
VHFRQGOHYHOLQGLFDWRUXQGHUWKHILUVWOHYHOLQGLFDWRU
RIWKHHYDOXDWLRQRIWKHVXLWDELOLW\RIPLOOHWLQ+HL
ORQJMLDQJ3URYLQFH(QWURS\ZDVILUVWLQWURGXFHGE\
6KDQQRQWRLQIRUPDWLRQWKHRU\DQGFXUUHQWO\LWKDV
JRWDYHU\ZLGHUDQJHRIDSSOLFDWLRQVLQWKHILHOGVRI
HQJLQHHULQJ WHFKQRORJ\ VRFLDO HFRQRP\ HWF >
@ 7KH EDVLF LGHD RI WKH HQWURS\ PHWKRG LV WR
GHWHUPLQHWKHREMHFWLYHZHLJKWEDVHGRQWKHPDJQL
WXGH RI WKH YDULDELOLW\ RI WKH IDFWRU *HQHUDOO\
VSHDNLQJ LI WKH LQIRUPDWLRQ HQWURS\ RI D IDFWRU LV
VPDOOHU LQGLFDWLQJ WKDW WKH GHJUHH RI YDULDWLRQ RI
WKHLQGH[YDOXHLVJUHDWHU7KHPRUHLQIRUPDWLRQLV
SURYLGHGWKHJUHDWHUUROHWKDWFDQEHSOD\HGLQWKH
FRPSUHKHQVLYH HYDOXDWLRQ DQG ZLWK D JUHDWHU
ZHLJKW2QWKHFRQWUDU\WKHODUJHUWKHLQIRUPDWLRQ
HQWURS\RIDQIDFWRUWKHVPDOOHUWKHGHJUHHRIYDULD
WLRQRIWKHIDFWRUYDOXHWKHOHVVLQIRUPDWLRQLVSUR
YLGHG DQG WKH VPDOOHU WKH UROH SOD\HG LQ WKH FRP
SUHKHQVLYH HYDOXDWLRQ ZLWK D VPDOOHU ZHLJKW (Q
WURS\ZHLJKWPHWKRGVWHSV

'DWDVWDQGDUGL]DWLRQ6WDQGDUGL]HWKHGDWDRI
HDFK LQGLFDWRU DVVXPH WKDW k IDFWRUV DUH JLYHQ
X   X    X K 
DPRQJ
WKHP

^x  x   xn `  $VVXPH WKDW WKH YDOXH RI

Xi

HDFKIDFWRUGDWDLVQRUPDOL]HGDV Y  Y  YK VR
WKDW Yij

X ij  PLQ X ij
PD[ X i  PLQ X i 

)LQG WKH LQIRUPDWLRQ HQWURS\ RI HDFK LQGL
FDWRU $FFRUGLQJ WR WKH GHILQLWLRQ RI LQIRUPDWLRQ
HQWURS\ LQ LQIRUPDWLRQ WKHRU\ HQWURS\ RI D VHW RI
n

GDWD E j

 OQ n



¦p

ij

i 
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7$%/(
(YDOXDWLRQIDFWRUVXVHGLQHFRORJLFDOVXLWDELOLW\RIPLOOHWLQ+HLORQJMLDQJ3URYLQFH
)DFWRUW\SH
)DFWRUFRGH
)DFWRUQDPH
&OLPDWH)DFWRUV
$
$YJ7HPSIURP0D\WR2FW $7)02 

$
3UHFLSLWDWLRQIURP-XOWR$XJ 3)-$ 

$
$YJ7HPSIURP-XQWR$XJ $7)-$ 

$
$FFXPXODWHGWHPSHUDWXUHJUHDWHUWKDQ& $7*7&

$
6XQKRXUVIURP0D\WR$XJ 6+)0$ 
6RLO)DFWRUV
$
6RLO3+ 3+ 

$
6RLORUJDQLFPDWWHU 620 

$
6RLOHIIHFWLYHSKRVSKRUXV 6(3 

$
6RLOIDVWDFWLQJSRWDVVLXP 6)3 

$
6RLODONDOLQHQLWURJHQ 6$1 
7RSRJUDSKLF)DFWRUV
$
$OWLWXGH $/7 

$
6ORSHGLUHFWLRQ 6' 

WKHP

pij

Yij
n

¦Y

 j  n LI pij

5(68/76
&OLPDWH IDFWRU PRGHO $FFRUGLQJWR\HDUVRI
UHVHDUFK UHVXOWV FOLPDWH UHVRXUFH HOHPHQWV DUH
GLYLGHG LQWR JHQHUDO JHRJUDSKLF IDFWRUV ORQJLWXGH
ODWLWXGHDOWLWXGH DQGPLFURJHRJUDSKLFIDFWRUV>
@ 7KH HVWLPDWHG PRGHO RI WKH FOLPDWH HOHPHQW
FDQEHH[SUHVVHGDV

y y  y g f M O h  y g 

 

ij

i 

OLP pij OQ pij
pij o




'HWHUPLQH WKH ZHLJKW RI HDFK IDFWRU $F
FRUGLQJ WR WKH FDOFXODWLRQ IRUPXOD RI HQWURS\ HQ
WURSLHV RI HDFK IDFWRU UHVXOW DV E E   Ek 


,Q WKH HTXDWLRQ y IRU FOLPDWH UHVRXUFHV IDF
WRUV DYHUDJH WHPSHUDWXUH IURP 0D\ WR 2FWREHU
DYHUDJH WHPSHUDWXUH IURP -XQH WR $XJXVW DQG DF
FXPXODWHGWHPSHUDWXUHJUHDWHUWKDQ&  y IRU
JHQHUDO WRSRJUDSKLF IDFWRUV FDQ EH JHQHUDOO\ ILW D
FHUWDLQ FOLPDWH HTXDWLRQ y g IRU PLFURJHRJUDSKLF

&DOFXODWHWKHZHLJKWRIHDFKIDFWRUE\HQWURS\㸸


Ci

  Ei
i   k 
k  Ei


$FFRUGLQJ WR WKH FKDUDFWHULVWLFV RI HFRORJLFDO
IDFWRUV LQ +HLORQJMLDQJ 3URYLQFH FRPELQHG ZLWK
WKH UHVXOWV RI LQGH[ ZHLJKWV FDOFXODWHG E\ HQWURS\
PHWKRGWKHPHPEHUVKLSIXQFWLRQFRUUHVSRQGLQJWR
WKHHYDOXDWLRQLQGH[LVHVWDEOLVKHGXVLQJLQGH[VXP
PHWKRGIRUGHWHUPLQLQJWKHFRPSUHKHQVLYHLQGH[RI
FOLPDWH VRLO DQG WRSRJUDSKLFDO VXLWDELOLW\ >@
(TXDWLRQ G

¦ S uC
i

i

IDFWRUV DIIHFWV WKH UHVLGXDO RI WKH ILWWHG FOLPDWH
HTXDWLRQ O  M  h VWDQGVIRUORQJLWXGHODWLWXGHDQG
DOWLWXGH>@

0XOWLSOHOLQHDUUHJUHVVLRQ%DVHGRQWKHFOL
PDWLF FKDUDFWHULVWLFV DQG WRSRJUDSKLFDO IHDWXUHV RI
+HLORQJMLDQJ3URYLQFHXVLQJGDWDIURPVLWHVD
PXOWLYDULDWH VWHSZLVH OLQHDU UHJUHVVLRQ PRGHO LV
HVWDEOLVKHG XVLQJ 6366 VRIWZDUH 7KH WKUHH WUHQG
HTXDWLRQV RI +HLORQJMLDQJ 3URYLQFH V DYHUDJH WHP
SHUDWXUHIURP0D\WR2FWREHUDYHUDJHWHPSHUDWXUH
IURP-XQHWR$XJXVWDQGDFFXPXODWHGWHPSHUDWXUH
JUHDWHUWKDQ&ZHUHHVWDEOLVKHG DOOSDVVHGWKH
 UHOLDELOLW\ WHVW  DQG WKH PRGHO ILWWLQJ HIIHFW
ZDVJRRG7DEOHOLVWVWKHHVWLPDWHGPRGHODQGWKH
)WHVWFRPSOH[FRUUHODWLRQFRHIILFLHQWDQGDGMXVWHG
5VTXDUHRIWKHPRGHO
$FFRUGLQJ WR WKH DERYH SUHGLFWLRQ PRGHO DQG
WKH JHRJUDSKLF WRSRJUDSKLF GDWD RI HDFK PHWHRUR
ORJLFDO VLWH WKH VLPXODWHG DYHUDJH WHPSHUDWXUH RI
WKHVLWHIURP0D\WR2FWREHULVFDOFXODWHGDQGWKH
GLIIHUHQFH EHWZHHQ WKH DFWXDO DYHUDJH WHPSHUDWXUH
RI WKH VLWH IURP 0D\ WR 2FWREHU DQG WKH SUHGLFWHG
YDOXHRIWKHPRGHOLVWDNHQDVWKHUHVLGXDOYDOXH

 * VWDQGV IRU HFRORJL

FDOVXLWDELOLW\LQGH[ S i VWDQGVIRUWKHLWKIDFWRU㸹

C i VWDQGVIRUWKHZHLJKWRILWKIDFWRU7KHFRPSUH
KHQVLYH LQGH[ GLVWULEXWLRQ PDS LV GUDZQ E\ XVLQJ
WKH FRPSUHKHQVLYH LQGH[ UDQNLQJ DQG HYDOXDWLRQ
XQLW QXPEHU DQG WKH QXPEHU RI JUDGHV DQG WKH
FULWLFDO SRLQW RI WKH GLYLVLRQ LQGH[ DUH GHWHUPLQHG
DFFRUGLQJ WR WKH VXGGHQ FKDQJH SRLQW LQIOHFWLRQ
SRLQW RIWKHVORSHRIWKHFXUYH&RPELQHGZLWKWKH
DGPLQLVWUDWLYH PDS RI +HLORQJMLDQJ 3URYLQFH DQG
WKHPDSRIODQGXVHLQ+HLORQJMLDQJ3URYLQFH$F
FRUGLQJ WR WKH HYDOXDWLRQ PHWKRG EHIRUH +HL
ORQJMLDQJ3URYLQFHLVGHVLJQDWHGDVWKHPRVWVXLWD
EOH DUHD VXLWDEOH DUHD PRGHUDWH VXLWDEOH DUHD DQG
QRWVXLWDEOHIRUIRXUDUHDV
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7$%/(
&OLPDWHIDFWRUVPXOWLYDULDWHVWHSZLVHOLQHDUUHJUHVVLRQPRGHO
&RPSOH[
0RGHO
)WHVW
FRUUHODWLRQ
FRHIILFLHQW

&OLPDWHIDFWRU
$YJ7HPS
0D\2FW 
$YJ7HPS  
$FFXPXODWHG
7HPS JUHDWHU
WKDQ& 



yg

$GMXVWHG
5

y

D    E    J  
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 D    E    J   







y

D    E    J  







PHDQSUHGLFWLRQHUURU0($1

y  y  ZKLFK LV UHVLGXDO LQIRUPDWLRQ WKDW

n

¦

KDV QRW EHHQ H[SODLQHG E\ PXOWLSOH OLQHDU UHJUHV
P Si  L Si
VLRQDQGLVRIWHQDVPDOOIOXFWXDWLRQFDXVHGE\WKH
i 
E Mean

LQIOXHQFH RI PLFURWRSRJUDSKLF IDFWRUV RQ FOLPDWH
n
UHVRXUFHHOHPHQWV,QRUGHUWRLPSURYHWKHDFFXUDF\

RI WKH ILWWLQJ WKH UHVLGXDO SDUW RI HDFK FOLPDWH UH
URRWPHDQVTXDUHGHUURU506(
VRXUFHHOHPHQWQHHGVWREHVSDWLDOO\LQWHUSRODWHGWR
n
FRUUHFWWKHFOLPDWHUHVRXUFHJULGGDWD
P Si  L Si 

i 

E RMS
5HVLGXDO LQWHUSRODWLRQ UDLQIDOO LQWHUSROD
n
WLRQ DQG VXQVKLQH KRXUV LQWHUSRODWLRQ ,Q WKH

PHWHRURORJLFDO IDFWRU VSDWLDO LQWHUSRODWLRQ PHWKRG
WKHUH LV QR XQLYHUVDO RSWLPDO LQWHUSRODWLRQ PHWKRG
P S i IRU SUHGLFWHG YDOXH IRU WKH VLWH
DQG RQO\ WKH PRVW VXLWDEOH LQWHUSRODWLRQ PHWKRG
L S i IRUREVHUYDWLRQYDOXHIRUWKHVLWH7KHLQWHU
XQGHU FHUWDLQ FRQGLWLRQV &RPPRQO\ XVHG VSDWLDO
SRODWLRQ UHVXOWV RI GLIIHUHQW LQWHUSRODWLRQ PHWKRGV
LQWHUSRODWLRQPHWKRGV DUH RUGLQDU\ NULJLQJ XQLYHU
DUHFRPSDUHGZLWKWKHDFWXDOUHVLGXDOYDOXHVRIWKH
VDO NULJLQJ LQYHUVH GLVWDQFH ZHLJKWLQJ ,': 
PHWHRURORJLFDO IDFWRUVRI WKH VLWH UHVSHFWLYHO\ 7KH
VSOLQHPHWKRGQDWXUDOQHLJKERULQJPHWKRG QDWXUDO
FURVVYDOLGDWLRQRIWKHUHVXOWVLVVKRZQLQ7DEOH
QHLJKERU  HWF $W SUHVHQW WKH LQWHUSRODWLRQ RI UH
7KHPHDQHUURURIWKHPHWHRURORJLFDOIDFWRUUHVLGX
VLGXDOV RI YDULRXV FOLPDWH HOHPHQWV KDV QRW \HW
DO LQWHUSRODWLRQ LV FORVHU WR  DQG WKH URRW PHDQ
IRUPHG D PDWXUH VFKHPH >@ 7KLV VWXG\ FURVV
VTXDUH HUURU LV DV VPDOO DV SRVVLEOH ,W FDQ EH VHHQ
YDOLGDWHV DQG FRPSDUHV GLIIHUHQW LQWHUSRODWLRQ UH
IURP 7DEOH  WKDW WKH PRVW VXLWDEOH PHWKRG IRU
VXOWV WR VHOHFW WKH PRVW DSSURSULDWH LQWHUSRODWLRQ
LQWHUSRODWLQJWKHDYHUDJHWHPSHUDWXUH $ RI0D\
PHWKRG IRU WKH DYHUDJH WHPSHUDWXUH UHVLGXDOV IURP
2FWREHU DQG WKH VXQVKLQH KRXUV $  IRU 0D\
0D\ WR 2FWREHU WKH DYHUDJH WHPSHUDWXUH UHVLGXDOV
$XJXVW LV WKH RUGLQDU\ .ULJLQJ PHWKRG DQG WKH
IURP -XQH WR $XJXVW WKH DFFXPXODWHG WHPSHUDWXUH
DYHUDJH WHPSHUDWXUH $  UHVLGXDOV IURP -XQH WR
UHVLGXDOVJUHDWHUWKDQ&DQGWKHVXQVKLQHKRXUV
$XJXVW7KHPRVWVXLWDEOHPHWKRGIRULQWHUSRODWLQJ
IURP0D\WR$XJXVW
UHVLGXDOWHPSHUDWXUH $ UHVLGXDOVJUHDWHUWKDQ
&URVVYDOLGDWLRQ PHWKRG YHULILHV WKH DEVROXWH
&LVWKHLQYHUVHGLVWDQFHZHLJKWLQJPHWKRG ,': 
HUURURIWKHDQDORJYDOXHVRIGLIIHUHQWLQWHUSRODWLRQ
PHWKRGV XVLQJ PHDQ SUHGLFWLRQ HUURU 0HDQ  DQG
URRWPHDQVTXDUHGHUURU 506 DVWKHWHVWVWDQGDUG

7$%/(
&URVVYDOLGDWLRQRIGLIIHUHQWUHVLGXDOYDOXHVRIPHWHRURORJLFDOLQGLFDWRUV

¦



7HVWVXEMHFW

3DQ.ULJLQJ

506

2UGLQDU\
.ULJLQJ




,QYHUVH'LVWDQFH
:HLJKWLQJ


*OREDO3RO\QRPLDO
,QWHUSRODWLRQ


5DGLDO%DVLV
)XQFWLRQV


5HVLGXDORI$YJ
7HPS 0D\2FW 

5HVLGXDORI$YJ7HPS -XQ
$XJ 

5HVLGXDORI$FFXPXODWHG
7HPS JUHDWHUWKDQ& 

6XQKRXUV 0D\$XJ 


0HDQ
506
















0HDQ
506
















0HDQ
506
0HDQ
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([SRQHQWLDOIXQFWLRQ
3RO\QRPLDO
*DXVVLDQIXQFWLRQ
(SDQHFKQLNRY
4XDGUXSOH
FRQVWDQW

7$%/(
&URVVYDOLGDWLRQRISUHFLSLWDWLRQUHVXOWVLQ-XO$XJ
5RRWPHDQVTXDUH 6WDQGDUGPHDQ
6WDQGDUGUPV





















$YHUDJHVWDQGDUGHUURU
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),*85(
)LYHFOLPDWHIDFWRUV
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7KHUH DUH PDQ\ IDFWRUV DIIHFWLQJ WKH VSDWLDO
GLVWULEXWLRQ RI SUHFLSLWDWLRQ LQ +HLORQJMLDQJ 3URY
LQFHIURP-XO\WR$XJXVWLQFOXGLQJWKHODWLWXGHDQG
ORQJLWXGH DOWLWXGH WRSRJUDSK\ IRUHVW YHJHWDWLRQ
DQGGLVWDQFHIURPWKHZDWHUVRXUFH3UHFLSLWDWLRQLV
DIIHFWHGE\PDQ\IDFWRUVDQGVKRZVDFHUWDLQVSDWLDO
GLVWULEXWLRQSDWWHUQEXWWKHUHLVVWLOOVRPHUDQGRP
QHVV DQG LUUHJXODULW\ &RPSDUHG ZLWK WHPSHUDWXUH
WKHUH LV QR REYLRXV WUHQG VSDWLDO YDULDELOLW\ LV
JUHDWHUDQGLQWHUSRODWLRQDQDO\VLVLVPRUHGLIILFXOW
7KHUHIRUH WKH VWXG\ XVHV D FRPELQDWLRQ RI RYHUDOO
WUHQG VXUIDFH DQG ORFDO YDULDWLRQ DQG FDQ WDNH LQWR
DFFRXQW WKH PDLQ LQIOXHQFLQJ IDFWRUV RI WKH &R
NULJLQJ PHWKRG 7KURXJK WKH SUHFLSLWDWLRQ GDWD RI
+HLORQJMLDQJ 3URYLQFH IURP  WR  WDNLQJ
LQWRDFFRXQWWKHHIIHFWVRIDOWLWXGHDQGIRUHVWFRYHU
WKHGDWDRIWKHSUHFLSLWDWLRQIURP-XO\WR$XJXVWLQ
WKH SURYLQFH V P P JULG LV LQWHUSRODWHG WR OD\
WKHIRXQGDWLRQIRUWKHSURYLQFH VHFRORJLFDOVXLWDELO
LW\]RQLQJ
([SORUHG'DWHDQDO\VLVWRROVLQFOXGLQJ+LVWR
JUDP1RUPDO443ORW7UHQG$QDO\VLV6HPLYDULR
JUDP&RYDULDQFH &ORXG &URVV FRYDULDQFH &ORXG
IRU GLVWULEXWLRQ WUHQG DQG DQLVRWURS\ GLUHFWLRQ
DQJOH  GHWHFWLRQ RI VSDWLDO GDWD VSDWLDO GDWD LV SHU
IRUPHG GLVWULEXWLRQ WUHQG DQG DQLVRWURS\ GLUHFWLRQ
DQJOH GHWHFWLRQDQGLQWHUSRODWLRQPRGHOLVVHOHFWHG
6SKHULFDO ([SRQHQWLDO *DXVVLDQ DQG 5DWLRQDO
4XDGUDWLF (YDOXDWHWKHLQWHUSRODWLRQDFFXUDF\DQG
HUURU PRGHOLQJ FRPSOHWH WKH VWDWLVWLFDO DQDO\VLV RI
WKH SUHFLSLWDWLRQ IURP -XO\ WR $XJXVW DQG FUHDWH D
SUHFLSLWDWLRQVXUIDFHSUHGLFWLRQPDS ILWWLQJ 
,Q WKH H[SORUDWRU\ DQDO\VLV LW ZDV IRXQG WKDW
WKH REVHUYDWLRQV RI SUHFLSLWDWLRQ IURP -XO\ WR $X
JXVW LQ HDFK PHWHRURORJLFDO VLWH VKRZHG D QRUPDO
Q  GLVWULEXWLRQ  1RUPDO 443ORW QRUPDO 443ORW
GLVWULEXWLRQPDS DQG7UHQG$QDO\VLV WUHQGDQDO\
VLV  0DLQO\ IRU WKH VRXWKHDVWQRUWKZHVW 6(1: 
GLUHFWLRQ DQG VDWLVILHV WKH FRQGLWLRQV RI &RNULJLQJ
LQWHUSRODWLRQ 7KH WUHQG RI FKDQJH FRLQFLGHV ZLWK
WKHWUHQGRI'D[LQJ;LDR[LQJ DQOLQJ=KDQJJXDQJ
FDLOLQJ DQG /DR\HOLQJ DQG WKH GLUHFWLRQ RI IRUHVW
FRYHUGLVWULEXWLRQDQGWKHSUHFLSLWDWLRQGDWDLQWKH
FRUUHVSRQGLQJWHQGD\VDUHPRVWO\QRUPDOGLVWULEX
WLRQ VKRZLQJ WKDW WKH FRUUHODWLRQ EHWZHHQ SUHFLSL
WDWLRQDQGODQGIRUPDQGYHJHWDWLRQLVKLJKHU
,QWHUSRODWLRQUHVXOWVDUHFURVVYDOLGDWHG 7DEOH
  DQG YDOLGDWLRQ FDQ EH XVHG WR HYDOXDWH SUHGLF
WLRQV E\ FUHDWLQJ GDWD VHWV WKDW DUH QRW LQYROYHG LQ
WKH SUHGLFWLRQ PRGHO $V ZLWK FURVVYDOLGDWLRQ WKH
REMHFWLYHV VKRXOG LQFOXGH WKH IROORZLQJ $YHUDJH
HUURUFORVHWRVPDOOHUUPVSUHGLFWLRQHUURUDYHU
DJH VWDQGDUG HUURU VLPLODU WR UPV SUHGLFWLRQ HUURU
VWDQGDUG PHDQ SUHGLFWLRQ HUURU FORVH WR ]HUR $F
FRUGLQJ WR WKH JURXQG VWDWLVWLFDO FURVVYDOLGDWLRQ


SULQFLSOH WKH LQWHUSRODWLRQ UHVXOW KDV KLJKHU SUHFL
VLRQ ,QWHUSRODWLRQ UHVXOWV VWDWLVWLFV VKRZ WKDW WKH
PRVWVXLWDEOHLQWHUSRODWLRQPHWKRGIRUSUHFLSLWDWLRQ
IURP -XO\ WR $XJXVW $  LV WKH SDQ.ULJLQJ
FRQVWDQWIXQFWLRQZLWKDVWHSVL]HRI7KHUHVXOW
LQJSUHFLSLWDWLRQRIP PJULGLQWKHSURYLQFH
7KHVSDWLDOGLVWULEXWLRQGDWDZKHWKHULWLVWKHFURVV
YDOLGDWLRQRIWKHLQWHUSRODWLRQUHVXOWVRUWKHFRLQFL
GHQFH EHWZHHQ WKH SUHGLFWHG YDOXHV DQG WKH RE
VHUYHG YDOXHV LV KLJKO\ DFFXUDWH IXOO\ PHHWV WKH
QHHGV RI WKH UHJLRQDO PDFURFOLPDWH DQG UHODWHG
DQDO\VLVDQGFRPSHQVDWHVIRUWKHUHJLRQVFDXVHGE\
WKHVPDOOQXPEHURIPHWHRURORJLFDOVWDWLRQV,QVXI
ILFLHQWGDWDRQORFDOSUHFLSLWDWLRQ

6RLO IDFWRU PRGHO 7KH VRLO LV DQ LQKRPRJH
QHRXVERG\WKDWLVWKHVRLOZLWKWKHVPDOOHVWFODVVL
ILFDWLRQXQLWDQGLWDOVRVKRZVVRPHGLIIHUHQFHVLQ
VRPH SURSHUWLHV 7KHUH DUH PDQ\ IDFWRUV DIIHFWLQJ
WKH GLVWULEXWLRQ RI VRLO DJURFKHPLFDO WUDLWV VXFK DV
VRLO WH[WXUH ODWLWXGH DQG ORQJLWXGH DQG DOWLWXGH
6RLOQXWULHQWLVWKHEDVLVRIPLOOHWJURZWK7KHS+
RUJDQLF PDWWHU DONDOL QLWURJHQ DYDLODEOH SKRVSKR
UXV DQG DYDLODEOH SRWDVVLXP LQ VRLO DUH RQH RI WKH
LPSRUWDQW LQGLFDWRUV WR PHDVXUH VRLO IHUWLOLW\ 7KH
VRLO IDFWRU LQWHUSRODWLRQ PHWKRG LV WKH VDPH DV WKH
LQWHUSRODWLRQ PHWKRG RI WKH UHVLGXDO SDUW RI WKH
PHWHRURORJLFDOIDFWRU7KHFURVVYDOLGDWLRQPHWKRG
LV XVHG WR YHULI\ WKH PHDQ HUURU RI WKH GLIIHUHQW
LQWHUSRODWLRQ PHWKRGV PHDQ SUHGLFWLRQ HUURU
0HDQ  DQG URRW PHDQ VTXDUHG HUURU 506  DV WHVW
VWDQGDUGV
,WFDQEHVHHQIURP7DEOHWKDWWKHPRVWVXLW
DEOH LQWHUSRODWLRQ PHWKRG IRU S+ $  DYDLODEOH
SKRVSKRUXV $  DQG DONDOL QLWURJHQ $  LV RUGL
QDU\ .ULJLQJ [  DQG WKH PRVW VXLWDEOH LQWHUSROD
WLRQ PHWKRG IRU RUJDQLF PDWWHU $  LV UHYHUVH
'LVWDQFHZHLJKWLQJPHWKRGWKHPRVWVXLWDEOHLQWHU
SRODWLRQPHWKRGIRUTXLFNDFWLQJSRWDVVLXP $ LV
WKHSDQ.ULJLQJPHWKRG [ 

7RSRJUDSKLF IDFWRU PRGHO ,Q RUGHU WR EH
DEOH WR DFFXUDWHO\ FDOFXODWH WKH WRSRJUDSKLFDO IDF
WRUV RI WKH VWXG\ DUHD WKLV VWXG\ XVHG WKH &KLQHVH
GLJLWDO P ¶  UHVROXWLRQ GLJLWDO HOHYDWLRQ PRGHO
'(0  SURYLGHG E\ WKH ,QWHUQDWLRQDO 6FLHQWLILF
'DWD 0LUURU 6WDWLRQ RI WKH &RPSXWHU 1HWZRUN ,Q
IRUPDWLRQ &HQWHU RI WKH &KLQHVH $FDGHP\ RI 6FL
HQFHV 'DWD 8VLQJ '(0 UDVWHU GDWD XQGHU WKH
VXUIDFHDQDO\VLVPRGXOHRI$UF*,6JHQHUDWHHOHYD
WLRQ $  DQG DVSHFW $  UDVWHU GDWD RI  P
UHVROXWLRQ UHVSHFWLYHO\ 7KH ODWLWXGH DQG ORQJLWXGH
UDVWHU GDWD DUH ZLWKLQ WKH $6&,, FRGH GDWD RI WKH
ODWLWXGHDQGORQJLWXGHJULG,QVHUWIRUPDWLRQ
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7$%/(
&URVVYDOLGDWLRQRIGLIIHUHQWVRLOIDFWRUVE\LQWHUSRODWLRQ

S+

2UJDQLFPDWWHU

(IIHFWLYHSKRV
SKRUXV

)DVWDFWLQJSRWDV
VLXP

$ONDOLQHQLWURJHQ


7HVW
VXEMHFW
506
0HDQ
506
0HDQ
506

2UGLQDU\
.ULJLQJ






3DQ.ULJLQJ






,QYHUVH'LVWDQFH
:HLJKWLQJ






*OREDO3RO\QRPLDO
,QWHUSRODWLR






5DGLDO%DVLV
)XQFWLRQV






0HDQ
506
















0HDQ
506
0HDQ
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),*85(
7RSRJUDSKLF)DFWRUV'LVWULEXWLRQ0DS
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),*85(
7ZRWRSRJUDSKLFIDFWRUV



),*85(
+LHUDUFKLFDOVWUXFWXUHRIHFRORJLFDOVXLWDELOLW\HYDOXDWLRQLQGH[IRUPLOOHWSODQWLQJ
LQ+HLORQJMLDQJ3URYLQFH
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3URYLQFH LW LV QHFHVVDU\ WR XVH WKH LGHD RI IX]]\
&RQVWUXFWLRQ RI (YDOXDWLRQ ,QGH[ 6\VWHP
PDWKHPDWLFV)RUH[DPSOHWKHSUHFLSLWDWLRQLQ-XO\
IRU (FRORJLFDO 6XLWDELOLW\ RI 0LOOHW LQ +HL
ORQJMLDQJ3URYLQFH:HLJKWGHWHUPLQDWLRQ:KHQ
$XJXVW LV  DQG  LV VXLWDEOH %RWK
GHWHUPLQLQJ WKH ZHLJKW RI WKH HYDOXDWLRQ LQGH[ RI
 DQG  DUH VXLWDEOH ,Q IDFW WKH GLIIHUHQFH
WKH PLOOHW VXLWDELOLW\ LQ +HLORQJMLDQJ 3URYLQFH WKH
EHWZHHQ  DQG  LV QRW VR REYLRXV DQG WKH
HQWURS\ PHWKRG LVXVHG WR GHWHUPLQH WKHZHLJKW RI
VDPH LVWUXHIRUDQG7KHSKDVHGLIIHUHQFH
WKHHYDOXDWLRQLQGH[RIWKHPLOOHWVXLWDELOLW\LQ+HL
LV PRUH REYLRXV ZKLFK UHTXLUHV WKH HVWDEOLVKPHQW
ORQJMLDQJ 3URYLQFH 7KH VPDOOHU WKH LQIRUPDWLRQ
RIDPHPEHUVKLSIXQFWLRQWRVROYH,IWKHSUHFLSLWD
HQWURS\ WKH JUHDWHU WKH GHJUHH RI YDULDWLRQ RI WKH
WLRQLQ-XO\$XJXVWLVRSWLPDOLQWKHLQWHU
LQGH[ WKH PRUH LQIRUPDWLRQ LV SURYLGHG LQ WKH
YDO WKH SUHFLSLWDWLRQ LQ -XO\$XJXVW LV  ZKLFK
FRPSUHKHQVLYH 7KH JUHDWHU WKH UROH SOD\HG LQ WKH
LVWKHEHVWGHJUHH DVVXPLQJ DQGWKHSUHFLSL
HYDOXDWLRQWKHJUHDWHUWKHZHLJKW
WDWLRQLQ-XO\$XJXVWLV7KHGHJUHHRIVXSHUL

RULW\ LV ZHDNHU WKDQ  DQG WKH FORVHU WR  WKH
EHWWHU$FFRUGLQJWRWKHFKDUDFWHULVWLFVRIHFRORJLFDO
%XLOGLQJ D KLHUDUFK\ 'HWHUPLQDWLRQ RI WKH
HFRORJLFDOVXLWDELOLW\RIPLOOHW7KHUHLVDFRPSOH[
IDFWRUV LQ +HLORQJMLDQJ 3URYLQFH WKH PHPEHUVKLS
UHODWLRQVKLS EHWZHHQ YDULRXV HOHPHQWV LQ WKH HFR
IXQFWLRQ FRUUHVSRQGLQJ WR HDFK HYDOXDWLRQ LQGH[ LV
V\VWHPDQGHFRORJLFDOVXLWDELOLW\:KHQTXDQWLI\LQJ
HVWDEOLVKHG 7DEOH 
WKH YDULRXV HYDOXDWLRQ LQGLFDWRUV RI +HLORQJMLDQJ

7$%/(
7KHPHPEHUVKLSIXQFWLRQW\SHDQGLQIOHFWLRQSRLQWRIWKHHYDOXDWLRQIDFWRU
&DWHJRU\
6XEMHFW
:HLJKW 0HPEHUVKLSIXQF %HVWYDOXH   :RUVWYDOXH 㸧
WLRQ

3DUDEROLF

!
$YJ7HPS 0DS2FW ႏ
0.15
3UHFLSLWDWLRQ -XO$XJ PP
0.18
3DUDEROLF

!

3DUDEROLF

!
$YJ7HPS -XQ$XJ ႏ
0.20

3DUDEROLF

!
$FFXPXODWHG7HPS *UHDWHU
0.19
&OLPDWH
WKDQႏ ႏ
6XQ+RXUV 0D\$XJ K
0.28
3DUDEROLF

!
3DUDEROLF

!

S+
0.33
3DUDEROLF

!
2UJDQLF0DWWHUV
0.21

5LVLQJ7UDSH]RLG


(IIHFWLYHSKRVSKRUXV PJNJ
0.12

5LVLQJ7UDSH]RLG


)DVWDFWLQJSRWDVVLXP PJNJ
0.21
6RLO
5LVLQJ7UDSH]RLG


$ONDOLQHQLWURJHQ PJNJ 
0.13
3DUDEROLF

!

$OWLWLGH P 
0.54
)DOOLQJWUDSH]RLG R&R& R&aR&RU
7HUUDLQ7\SH
0.46
7RSRJUDSKLF
R&aR&




&OLPDWH
0.6



6RLO
0.3
*HQHUDO



7RSRJUDSKLF
0.1
$FFRUGLQJWRWKHPHPEHUVKLSIXQFWLRQW\SHVDQGLQIOHFWLRQSRLQWVRIHDFKIDFWRUHVWDEOLVKHGDERYHWKHPHPEHUVKLSIXQFWLRQV
RIWKHIROORZLQJIDFWRUVDUHUHVSHFWLYHO\FRQVWUXFWHG
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7KURXJKWKHDERYHIXQFWLRQWKHGLIIHUHQWYDO
XHVRIHDFKHYDOXDWLRQLQGH[DUHVXEVWLWXWHGLQWRWKH
FDOFXODWLRQ RI HDFK IXQFWLRQ IRUPXOD DQG WKH QRQ
RULJLQDO GDWD LV FRQYHUWHG LQWR WKH PHPEHUVKLS
GHJUHHRIWKHWRGLVWULEXWLRQ,QGH[VXPPHWKRG
IRU GHWHUPLQLQJ WKH FRPSUHKHQVLYH LQGH[ RI FOL
PDWH VRLO DQG WRSRJUDSKLFDO VXLWDELOLW\

G

¦ S uC
i

i

WKH QXPEHU RI JUDGHV DQG WKH FULWLFDO SRLQW RI WKH
GLYLVLRQ LQGH[ DUH GHWHUPLQHG DFFRUGLQJ WR WKH
VXGGHQ FKDQJH SRLQW LQIOHFWLRQ SRLQW RI WKH VORSH
RIWKHFXUYH

'DWDEDVH VHWXS DQG SURFHVVLQJ 0RQJR'%
QRQUHODWLRQDO GDWDEDVH KDV WKH DGYDQWDJHV RI G\
QDPLFTXHU\PXOWLSODWIRUPIXOOLQGH[VXSSRUWHWF
>@P P6570'(0GDWDXQLWXVHGLQWKLV
VWXG\LVQHDUO\PLOOLRQ7KHVLQJOHWDEOHGDWDLV
ODUJHLQVFDOHUHTXLUHVKLJKUHDGDQGZULWHFRQFXU
UHQW KLJKFRQFXUUHQF\ RSHUDWLRQV DQG WKHUH DUH
IUDJPHQWDWLRQSUREOHPVLQIXWXUHH[WHQGHGGDWD

 * VWDQGV IRU HFRORJLFDO VXLWDELO

LW\LQGH[ S i VWDQGVIRUWKHLWKIDFWRU C i VWDQGVIRU
WKHZHLJKWRILWKIDFWRU7KHFRPSUHKHQVLYHLQGH[
GLVWULEXWLRQPDSLVGUDZQE\XVLQJWKHFRPSUHKHQ
VLYHLQGH[UDQNLQJDQGHYDOXDWLRQXQLWQXPEHUDQG
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),*85(
0LOOHW(FRORJLFDO6XLWDELOLW\'LVWULEXWLRQLQ+HLORQJMLDQJ




7KHUHIRUH LW LV VXLWDEOH WR XVH 0RQJR'% WR
HVWDEOLVK VWRUDJH GDWDEDVH RSHUDWLRQV 7KH  LQGL
FDWRU GDWD VWRUHG LQ WKH 6570 '(0 GDWD XQLW DUH
ZHLJKWHGVHSDUDWHO\E\3\WKRQSURJUDPVFULSWRSHU
DWLR2UGLQDU\3\WKRQKDVD*,/JOREDOORFNZKLFK
LVQRWVXLWDEOHIRUODUJHVFDOHKLJKFRQFXUUHQF\IDVW
RSHUDWLRQV6WDFNOHVV3\WKRQLVDYDULDQWRI3\WKRQ
LQWURGXFHG LQ  LQWURGXFLQJ D WKUHDGOLNH SUR
JUDPPLQJ DSSURDFK WKDW LPSURYHV FRQFXUUHQF\
HIILFLHQF\>@7KLVVWXG\XVHV6WDFNOHVV3\WKRQWR
ZULWHH[HFXWLRQVFULSWVXVHS\PRQJRWRRSHUDWHWKH
0RQJR'% GDWDEDVH WR UHWULHYH WKH GDWD XQLW FRQ
WDLQLQJWKHLQGLFDWRUGDWDFDOFXODWHWKHPHPEHUVKLS
IXQFWLRQIRUPXODWRJHWWKHLQGH[VFRUHVRIWKHGDWD
XQLW ZHLJKW WKH LQGLFDWRU VFRUHV WR JHW WKH ILQDO
VFRUHDQGLPSRUWLQWRWKHGDWDEDVH

'UDZWKHILQDOPDS7KHILQDOVFRUHLVVWRUHG
LQ 0RQJR'% DQG QHHGV WR EH H[SRUWHG WR DQ
$UF*,6 SURJUDP &69 IRUPDW KDV WKH DGYDQWDJHV
RI FRQYHQLHQFH FURVVSODWIRUP DQG LQWURGXFWLRQ
>@ ZKLFK LV VXLWDEOH IRU IDVW PLJUDWLRQ RI GDWD
0RQJR'% RIILFLDOO\ SURYLGHV WKH FRPPDQG OLQH
H[SRUW WRRO 0RQJR([SRUW 8VH WKLV WRRO WR H[SRUW
WKH UHVXOW WDEOH DV D &69 ILOH ZKLFK LV GLUHFWO\
LPSRUWHGLQWRWKHSRLQWE\WKH$UF*,6LPSRUWWRRO
3RLQWHOHPHQWVFDQQRWEHFRQYHUWHGWRDYLVX
DOO\ IULHQGO\ LFRQ DQG QHHG WR EH FRQYHUWHG WR D
UDVWHU $UF7RRO%R[ LQ $UF*,6 SURYLGHV D 3RLQW WR
5DVWHUWRROWKDWFRQYHUWVGDWDXQLWSRLQWVLQWRUDVWHUV
DQGODEHOVWKHP

5HVXOWV DQG GLVFXVVLRQ RQ HFRORJLFDO VXLWD
ELOLW\ ]RQLQJ RI PLOOHW LQ +HLORQJMLDQJ 3URYLQFH
&RPELQHG ZLWK WKH DGPLQLVWUDWLYH PDS RI +HL
ORQJMLDQJ3URYLQFHDQGWKHPDSRIODQGXVHLQ+HL

ORQJMLDQJ 3URYLQFH $FFRUGLQJ WR WKH HYDOXDWLRQ
PHWKRGHVWDEOLVKHGDERYH+HLORQJMLDQJ3URYLQFHLV
GLYLGHG LQWR WKH PRVW VXLWDEOH DUHD WKH VXLWDEOH
DUHD WKH PRGHUDWH VXLWDEOH DUHD DQG WKH XQVXLWDEOH
DUHD

0RVW VXLWDEOH DUHD 7KH DUHD LV PDLQO\ GLV
WULEXWHGLQWKHVRXWKZHVWRI+HLORQJMLDQJERUGHUHG
E\ WKH 6RQJOLDR ZDWHUVKHG LQ WKH VRXWK FRQQHFWHG
WRWKH;LDR[LQJ DQOLQJ0RXQWDLQVLQWKHQRUWKDQG
WKH6RQJQHQ3ODLQRQWKHHDVWDQGZHVWVLGHVRIWKH
HDVWHUQ PRXQWDLQ DQG 'D[LQJ DQ 0RXQWDLQV 7KLV
SDUW RI WKH UHJLRQ LV VXLWDEOH IRU HOHYDWLRQ DQG WKH
WHUUDLQ LV UHODWLYHO\ IODW 7KH PHWHRURORJLFDO FRQGL
WLRQV VXFK DV YDULRXV QXWULHQW FRQWHQWV OLJKW KHDW
UDGLDWLRQDQGUDLQIDOOLQWKHVRLODUHLQIXOOFRPSOL
DQFH ZLWK WKH FRQGLWLRQV IRU KLJKTXDOLW\ PLOOHW
JURZWK

6XLWDEOHDUHD5HJLRQUDQJH,WLVPDLQO\GLV
WULEXWHG LQ PRVW SDUWV RI /LQGLDQ &RXQW\ +HL
ORQJMLDQJ 3URYLQFH 1HKH &LW\ VRXWKHUQ .HVKDQ
&RXQW\+DLOXQ&LW\4LOLQJ&RXQW\4LQJ DQ&RXQ
W\ /XREHL &RXQW\ +XDFKXDQ &RXQW\ :HLELQ
&RXQW\ 5DRKH &RXQW\ %DRTLQJ 3ODLQV JHQWOH
VORSHV EHORZ  P DERYH VHD OHYHO DQG SDUWV RI
0XGDQMLDQJ &LW\ LQ SDUWV RI WKH FRXQW\ 6KDQJ]KL
&LW\+DLOLQ&LW\DQG1LQJ DQ&LW\

7RSRJUDSKLF 7KH DYHUDJH HOHYDWLRQ RI WKH
DUHDLVPHWHUVDQGWKHWRSRJUDSK\LVGRPLQDWHG
E\ PRXQWDLQV DQG KLOOV ,W SUHVHQWV IRXU JHRORJLFDO
IRUPVRI=KRQJVKDQORZPRXQWDLQVKLOOVDQGYDO
OH\EDVLQV7KHKLJKHVWHOHYDWLRQRIWKH0XGDQMLDQJ
DUHD LV ORFDWHG LQ WKH %DLWX 0RXQWDLQ RI =KDQJ
JXDQJFDLOLQJ,WLVPHWHUVWKHORZHVWHOHYD
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WLRQLVPHWHUVRQWKHERUGHUZLWK6XLIHQKHDQG
5XVVLD

&OLPDWH 7KH DUHD LV D PLGWHPSHUDWH FRQWL
QHQWDO PRQVRRQ FOLPDWH ZLWK D VHPLKXPLG DUHD
7KH DYHUDJH WHPSHUDWXUH IURP 0D\ WR 2FWREHU LV
&& WKH DYHUDJH SUHFLSLWDWLRQ IURP -XO\ WR
$XJXVW LV  PP PP WKH VXQVKLQH KRXUV
IURP 0D\ WR $XJXVW DUH  K K DQG WKH
DFFXPXODWHG WHPSHUDWXUH LV JUHDWHU WKDQ & DW
& 7KH FOLPDWLF FRQGLWLRQV DUH EDVLFDOO\ LQ
OLQH ZLWK WKH QHHGV RI KLJK TXDOLW\ PLOOHW JURZWK
6RLO 7KH PDLQ VRLOV LQ WKLV DUHD DUH GDUN EURZQ
VRLOZKLWHVRLOEODFNVRLOPHDGRZVRLOPDUVKVRLO
SDGG\ VRLO YROFDQLF DVK VRLO DQG RWKHU VHYHQ FDWH
JRULHV7KHVRLOS+LQWKLVDUHDLVEHWZHHQDQG
 DQG WKH RUJDQLF PDWWHU FRQWHQW LV PDLQO\ EH
WZHHQ  DQG  SSP 7KH HIIHFWLYH SKRVSKRUXV
FRQWHQW LQ PRVW DUHDV LV KLJKHU WKDQ  SSP WKH
DONDOLQLWURJHQFRQWHQWLVKLJKHUWKDQSSPDQG
WKH DYDLODEOH SRWDVVLXP FRQWHQW LV KLJKHU WKDQ 
SSP
0RGHUDWHVXLWDEOHDUHD

5HJLRQUDQJH,WLVPDLQO\GLVWULEXWHGLQVRPH
DUHDV RI 0RKH &RXQW\ 7DKH &RXQW\ DQG +XPD
&RXQW\ LQ WKH QRUWK RI +HLORQJMLDQJ 3URYLQFH DQG
SDUWVRI:XGDOLDQFKL&LW\%HL DQ&LW\DQG4LQJ DQ
&RXQW\

7RSRJUDSKLF 7KH DYHUDJH HOHYDWLRQ RI WKH
DUHDLVPHWHUVDQGWKHWRSRJUDSK\LVGRPLQDWHG
E\ PRXQWDLQV DQG KLOOV ,W SUHVHQWV IRXU JHRORJLFDO
IRUPVRI=KRQJVKDQORZPRXQWDLQVKLOOVDQGYDO
OH\EDVLQV7KHKLJKHVWHOHYDWLRQRIWKH0XGDQMLDQJ
DUHD LV ORFDWHG LQ WKH %DLWX 0RXQWDLQ RI =KDQJ
JXDQJFDLOLQJ,WLVPHWHUVWKHORZHVWHOHYD
WLRQLVPHWHUVRQWKHERUGHUZLWK6XLIHQKHDQG
5XVVLD

&OLPDWH 7KH DUHD LV D PLGWHPSHUDWH FRQWL
QHQWDO PRQVRRQ FOLPDWH ZLWK D VHPLKXPLG DUHD
7KH DYHUDJH WHPSHUDWXUH IURP 0D\ WR 2FWREHU LV
&& WKH DYHUDJH SUHFLSLWDWLRQ IURP -XO\ WR
$XJXVW LV  PP PP WKH VXQVKLQH GXUDWLRQ
IURP0D\WR$XJXVWLVDQGWKHDFFXPXODWHG
WHPSHUDWXUH LV JUHDWHU WKDQ & DW & 3UH
FLSLWDWLRQ FRQGLWLRQV DUH EDVLFDOO\ LQ OLQH ZLWK WKH
QHHGVRIKLJKTXDOLW\PLOOHWJURZWK

6RLO 7KH PDLQ VRLOV LQ WKLV DUHD DUH GDUN
EURZQ VRLO ZKLWH VRLO EODFN VRLO PHDGRZ VRLO
PDUVK VRLO SDGG\ VRLO YROFDQLF DVK VRLO DQG RWKHU
VHYHQ FDWHJRULHV 7KH VRLO S+ LQ WKLV DUHD LV EH
WZHHQDQGDQGWKHRUJDQLFPDWWHUFRQWHQWLV
PDLQO\ EHWZHHQ  DQG  SSP 7KH HIIHFWLYH
SKRVSKRUXVFRQWHQWLQPRVWDUHDVLVKLJKHUWKDQ
SSP WKH DONDOL QLWURJHQ FRQWHQW LV KLJKHU WKDQ
SSP DQG WKH DYDLODEOH SRWDVVLXP FRQWHQW LV
KLJKHUWKDQSSP

8QVXLWDEOH DUHD ,W LV PDLQO\ GLVWULEXWHG LQ
WKH ;LDR[LQJ DQOLQJ 0RXQWDLQV LQ WKH QRUWKZHVW
VRXWKHDVW GLUHFWLRQ +HLKH &LW\ +XPD &RXQW\ WKH
QRUWKHUQSDUWRI1HQMLDQJ&RXQW\PRVWRI:XGDOL
DQFKL&LW\PRVWRI<LFKXQ&LW\;XQNH&RXQW\DQG
-LD\LQ &RXQW\ ,Q VRPH DUHDV WKH VXQVKLQH FRQGL
WLRQVDUHLQVXIILFLHQWWKHDYDLODEOHWLPHLQWKHILHOG
LVVKRUWWKHUDLQIDOOLQWKHJURZLQJVHDVRQLVVPDOO
DQGWKHDYHUDJHWHPSHUDWXUHLQWKHPDWXUHSHULRGLV
QRWXSWRWKHKHDWUHTXLUHPHQWRIWKHPLOOHW


&21&/86,21

+HLORQJMLDQJ 3URYLQFH LV DQ LPSRUWDQW FHUHDO
SODQWLQJ EDVH +HLORQJMLDQJ LV D FRQWLQHQWDO PRQ
VRRQ FOLPDWH EHWZHHQ WHPSHUDWH DQG FROG ]RQHV
7KH DQQXDO DYHUDJH WHPSHUDWXUH LV WR& 7KH
WHPSHUDWXUH LV UHGXFHG IURP VRXWK WR QRUWK ZLWK D
GLIIHUHQFH RI  & EHWZHHQ QRUWK DQG VRXWK 6XP
PHU WHPSHUDWXUHV DUH KLJK SUHFLSLWDWLRQ LV KLJK
DQGWKHLOOXPLQDWLRQWLPHLVORQJZKLFKLVVXLWDEOH
IRU FURS JURZWK 7KH VRODU UDGLDWLRQ UHVRXUFHV DUH
DEXQGDQW DQG WKH DQQXDO VRODU UDGLDWLRQ HQHUJ\ LV
 NFDO SHU VTXDUH FHQWLPHWHU 7KH ZLQG
VSHHGLVWKHKLJKHVWLQVSULQJWKHPRVWZLQG\GD\V
LQ WKH VRXWKZHVW DQG DEXQGDQW ZLQG HQHUJ\ UH
VRXUFHV 7KH JUDLQ SURGXFWLRQ LQ +HLORQJMLDQJ
3URYLQFH LV PDLQO\ FRUQ ULFH VR\EHDQ DQG SRWDWR
,Q UHFHQW \HDUV ZLWK WKH UHIRUP RI WKH VXSSO\ VLGH
RI DJULFXOWXUDO SODQWLQJ DQG WKH DGMXVWPHQW RI WKH
SODQWLQJVWUXFWXUHLQWKHVLFNOHEHQGDUHDWKHSODQW
LQJ DUHD RI FRDUVH JUDLQV LQ +HLORQJMLDQJ 3URYLQFH
KDV EHHQ H[SDQGLQJ EXW WKH GHYHORSPHQW LV XQVWD
EOHDQGXQHYHQ,QWKHDUHDRIPLVFHOODQHRXV
JUDLQV LQ +HLORQJMLDQJ 3URYLQFH LV DERXW  PLOOLRQ
PX PDLQO\ UHG EHDQ FRZSHD VRUJKXP PXQJ
EHDQPLOOHWDQGSHD7KHVDOHVRIPLOOHWDUHLQJRRG
FRQGLWLRQEXWWKHSURGXFWLRQLQGLIIHUHQWUHJLRQVLV
XQHYHQ7KHUHVHDUFKRQWKHFXOWLYDWLRQRIPLOOHWLQ
+HLORQJMLDQJ 3URYLQFH KDV QRW EHHQ FDUULHG RXW ,Q
RUGHU WR IXUWKHU SURYLGH UDWLRQDO XVH RI UHVRXUFHV
DQGSURPRWHWKHVXVWDLQDEOHGHYHORSPHQWRIPLVFHO
ODQHRXV JUDLQ SODQWLQJ LQ +HLORQJMLDQJ 3URYLQFH
WKLV VWXG\ XVHG PRGHUQ DQDO\WLF WHFKQLTXHV WR DQD
O\]HWKHSODQWLQJRI+HLORQJMLDQJ3URYLQFH VPLVFHO
ODQHRXVJUDLQVEDVHGRQWKHFOLPDWHVRLODQGWRSRJ
UDSK\ RI +HLORQJMLDQJ 3URYLQFH 7KH HFRORJLFDO
FKDUDFWHULVWLFVRIWKHDUHDXVLQJ*,6WHFKQRORJ\WR
DFKLHYH WKH DSSURSULDWH VXLWDELOLW\ RI +HLORQJMLDQJ
3URYLQFH FHUHDOV WR  P  P JULG GLYLVLRQ 7KH
PDLQFRQFOXVLRQVRIWKLVVWXG\DUHDVIROORZV

'HWDLOHG DQDO\VLV RI WKH FKDUDFWHULVWLFV RI
WKH HFRORJLFDO HQYLURQPHQW IDFWRUV DIIHFWLQJ
PLOOHW LQ WKH PLOOHW HFRORJLFDO SODQWLQJ DUHD RI
+HLORQJMLDQJ3URYLQFH7KHDFFXPXODWHGWHPSHUD
WXUHRI'DWLDQ!&LQWKHPLOOHWHFRORJLFDOSODQW
LQJ DUHD RI +HLORQJMLDQJ 3URYLQFH LV &
& DQG WKH DYHUDJH WHPSHUDWXUH LQ -XQH
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$XJXVW LV && )URP -XO\ WR $XJXVW WKH
UDLQIDOO LQ 'DHMHRQ LV EHWZHHQ  PP DQG 
PP ,Q PRVW DUHDV WKH DOWLWXGH LV DERXW P
7KHVH FKDUDFWHULVWLFV DUH EDVLFDOO\ LQ OLQH ZLWK WKH
FRQGLWLRQVIRUWKHJURZWKRIKLJKTXDOLW\PLOOHWDQG
VRPHHYHQEHWWHUWKDQRWKHUPLOOHWJURZLQJDUHDVDW
KRPHDQGDEURDG

7KH HYDOXDWLRQ LQGH[ V\VWHP RI HFRORJLFDO
VXLWDELOLW\ RI +HLORQJMLDQJ PLOOHW ZDV FRQVWUXFW
HG 7KUHH ILUVWOHYHO LQGLFDWRUV LQFOXGLQJ FOLPDWH
VRLO DQG WRSRJUDSK\ ZHUH HVWDEOLVKHG $YHUDJH
WHPSHUDWXUH IURP 0D\ WR 2FWREHU UDLQIDOO IURP
-XO\ WR $XJXVW DYHUDJH WHPSHUDWXUH IURP -XQH WR
$XJXVW DFFXPXODWHG WHPSHUDWXUH !& VXQVKLQH
KRXUV IURP 0D\ WR $XJXVW VRLO S+ HYDOXDWLRQ
LQGH[ V\VWHP RI RUJDQLF PDWWHU FRQWHQW DYDLODEOH
SRWDVVLXP FRQWHQW DYDLODEOH SKRVSKRUXV FRQWHQW
DONDOL QLWURJHQ FRQWHQW HOHYDWLRQ DQG VORSH GLUHF
WLRQ$PRQJWKHPWKHFOLPDWHVXLWDELOLW\HYDOXDWLRQ
ZHLJKW LVWKH VRLO VXLWDELOLW\ HYDOXDWLRQ ZHLJKW
LV  DQG WKH WHUUDLQ VXLWDELOLW\ HYDOXDWLRQ ZHLJKW
LV

&RPSOHWHGWKHHFRORJLFDOVXLWDELOLW\UHJLRQ
DOL]DWLRQ RI +HLORQJMLDQJ PLOOHW SODQWLQJ 7KH
PRVW VXLWDEOH DUHD LV PDLQO\ GLVWULEXWHG LQ WKH
VRXWKZHVW RI +HLORQJMLDQJ 5LYHU WKH 6RQJOLDR
ZDWHUVKHG LV ERXQGHG E\ WKH VRXWK WKH
;LDR[LQJ DQOLQJ 0RXQWDLQ 5DQJH LV FRQQHFWHG WR
WKHQRUWKDQGWKH6RQJQHQ3ODLQLVERUGHUHGE\WKH
HDVWHUQ PRXQWDLQ DQG WKH 'D[LQJ DQ 0RXQWDLQV
UHVSHFWLYHO\7KHVXLWDEOHDUHDLVPDLQO\GLVWULEXWHG
LQ /LQGLDQ &RXQW\ +HLORQJMLDQJ 3URYLQFH 0RVW
DUHDVVRXWKHUQ.HVKDQ&RXQW\+HOHQ&LW\4LOLQJ
&RXQW\ SDUWV RI 4LQJ DQ &RXQW\ /XREHL &RXQW\
+XDFKXDQ &RXQW\:HLELQ &RXQW\ 5DRKH&RXQW\
%DRTLQJ &RXQW\ 6KDQJ]KL &LW\ +DLOLQ &LW\ 7KH
SODLQV DQG JHQWOH VORSHV EHORZ  P DERYH VHD
OHYHO LQ 1LQJ DQ &LW\ DQG D VPDOO SDUW RI 0XGDQ
MLDQJ &LW\ WKH PRGHUDWH VXLWDEOH DUHDV DUH PDLQO\
GLVWULEXWHG LQ SDUWV RI 0RKH &RXQW\ 7DKH &RXQW\
DQG +XPD &RXQW\ LQ WKH QRUWK RI +HLORQJMLDQJ
3URYLQFH DQG SDUWV RI :XGDOLDQFKL &LW\ 6RXWKHUQ
$UHD RI %HL DQ &LW\ 1RUWKHUQ $UHD RI 4LQJ DQ
&RXQW\.HGRQJ&RXQW\6RXWKHUQ$UHDRI<LFKXQ
&LW\1RUWKHUQ$UHDRI+HJDQJ&LW\1RUWKRI)XMLQ
&LW\ %DRTLQJ &RXQW\ DQG <RX\L &RXQW\ 0RVW
$UHDVRI7RQJMLDQJ&LW\+XOLQ&LW\$QGWKHVRXWK
HDVWHUQ SDUW RI 0LVKDQ &LW\ WKH VRXWKHUQ SDUW RI
6XLIHQKH &LW\ DQG 'RQJQLQJ &RXQW\ WKH XQVXLWD
EOH DUHD LV PDLQO\ GLVWULEXWHG LQ WKH QRUWKZHVW
VRXWKHDVWWUHQGRI;LDR[LQJ DQOLQJ0RXQWDLQ+HLKH
&LW\+XPD&RXQW\7KHQRUWKHUQSDUWRI1HQMLDQJ
&RXQW\PRVWRI:XGDOLDQFKL&LW\PRVWRI<LFKXQ
&LW\;XQNH&RXQW\-LD\LQ&RXQW\





$&.12:/('*(0(176

7KH UHVHDUFK LV ILQDQFLDOO\ VXSSRUWHG E\ 5H
VHDUFK 3URMHFW RI +HLORQJMLDQJ 3URYLQFLDO /DQG
5HFODPDWLRQ %XUHDX +..<  7KH DXWKRUV
H[SUHVV WKHLU VLQFHUH DSSUHFLDWLRQ WR WKH +HL
ORQJMLDQJ 3URYLQFLDO $JULFXOWXUDO 0HWHRURORJLFDO
%XUHDX DQG ,QVWLWXWH RI 6RLO )HUWLOL]HU DQG (QYL
URQPHQWDO 5HVRXUFHV +HLORQJMLDQJ $FDGHP\ RI
$JULFXOWXUDO6FLHQFHV


5()(5(1&(6

>@ %DVHU 9   2SWLPL]DWLRQ RI ([LVWLQJ
6ROLG:DVWH/DQGILOO6LWHV8VLQJ*LVDQG0FGD
7KH&DVHRI*LUHVXQ7XUNH\)UHVHQ(QYLURQ
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OPTIMIZATION MODEL OF COLD CHAIN LOGISTICS
COMMON DISTRIBUTION PATH FOR FRESH
AGRICULTURAL PRODUCTS UNDER THE PERSPECTIVE
OF LOW CARBON
Yuchen Pan*
School of Information Management, Wuhan University, Hubei, Wuhan, 430079, China

ABSTRACT

INTRODUCTION

Based on the concept of green logistics development, in order for companies to seek a win-win
situation between the economy and the environment,
this article integrates the cold chain logistics cost of
fresh agricultural products from a low-carbon perspective into the path optimization problem and establishes a mathematical model of cold chain logistics path optimization of agricultural products Internet of Things with the minimum total cost as the research goal. First, a cold chain logistics vehicle path
model including the fixed costs of cold chain distribution services, transportation costs, cargo damage
costs, refrigeration costs, time penalty costs, carbon
emissions costs, and IoT usage costs is established.
Secondly, this paper uses the global convergence of
the A* algorithm to combine with the ant colony algorithm, the initial pheromone, and uses the wolf
colony algorithm principle to improve the pheromone in the ant colony algorithm to avoid falling
into the local optimum. he improved ant colony algorithm is used to solve the optimal vehicle path of
cold chain logistics. Finally, the simulation results
show that the total cost of the cold chain logistics vehicle distribution without joint distribution is 6085.5
yuan, and the total transportation cost under the common distribution mode is 5740.7 yuan, and the total
transportation cost is reduced by 6.01%. Compared
with the genetic algorithm and the standard ant colony algorithm, the algorithm in this paper can improve the quality of the solution and the convergence
speed of the algorithm, and can be applied to cold
chain logistics and distribution.

With the development of economy and improvement of people's living standard, people's demand for fresh products is constantly increasing,
which makes demand for fresh logistics services increase day by day. The core of fresh logistics is cold
chain distribution [1]. In the agricultural development, the development of agricultural products industry is fast, which is represented by fresh agricultural products such as fruits, vegetables, meat and
aquatic products. In the nearly 30 years of agricultural industrial structure adjustment, there are different degrees of yield growth [2-4]. At the same time,
China is also striving to move forward in the direction of development of modern agriculture, and the
sales channels and circulation efficiency of fresh agricultural products have been attached great importance by the state and society [5].
The technology of Internet of things has been
applied to logistics industry earlier, which brings
new opportunities for logistics industry. In particular, it has a good regulatory role in ensuring the circulation and distribution quality of cold chain logistics [6-8]. Under the background of rapid development of e-commerce, the central government has
proposed the development of modern logistics, diversified e-commerce, professional third-party logistics and other new forms and circulation means in the
relevant documents in 2005, and built a fresh agricultural products logistics system with refrigerated
vehicles and cold chain facilities [9-11].
In terms of cold chain logistics, China is still in
the initial stage of development. In the cold chain logistics industry, there are a series of problems, such
as the system needs to be improved, the lack of facilities and equipment, and the transportation chain
is broken. The final logistics cost is too high, or the
product quality problems occur, which are the main
obstacles restricting the development of fresh e-commerce [12-13]. As for promoting the development of
cold chain logistics and reducing the distribution
cost, the national level has attached great importance
to it in recent years.

KEYWORDS:
Carbon emission reduction, low-carbon perspective, cold
chain logistics, A* algorithm, ant colony algorithm, path
optimization, wolf colony algorithm
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path optimization method based on ant colony algorithm. Firstly, considering the transportation cost,
fixed cost, refrigeration cost and time penalty cost of
fresh product cold chain logistics, the mathematical
model is constructed by introducing driving distance, carbon emission cost of vehicle load, cost of
fresh product damage caused by the difference of unloading time and the use cost of Internet of Things.
Secondly, the global convergence of A* algorithm is
combined with ant colony algorithm, initial pheromone and wolf colony algorithm are used to improve
the pheromone in ant colony algorithm to avoid falling into local optimum. Finally, the improved ant
colony algorithm is used to solve established lowcarbon cold chain logistics distribution model, in order to realize low-carbon distribution path optimization of cold chain logistics. This paper has the following advantages:
1) The main goal is to reduce the logistics cost
of fresh e-commerce. While considering transportation cost, fixed cost, refrigeration cost, time penalty
cost and carbon emission cost of cold chain logistics
of fresh products, the cost of fresh products damage
and the use cost of Internet of things are introduced
to build a mathematical model.
2) In order to solve the problem of slow convergence speed caused by the lack of pheromone in
ant colony algorithm, A* algorithm is used to initialize the pheromone of ant colony algorithm to shorten
convergence time of ant colony algorithm. The pheromone of ant colony algorithm is improved by using
wolf colony algorithm principle, and the solution
model of hybrid ant colony algorithm is proposed.

MATERIALS AND METHODS
In the existing research on cold chain logistics
path, most researchers use genetic algorithm and ant
colony algorithm to solve the optimal path of cold
chain logistics distribution. With the increasing requirements of the government for environmental
protection and sustainable development, people's
awareness of energy conservation and emission reduction is becoming stronger and stronger. In recent
years, scholars at home and abroad have done a lot
of research in the field of cold chain logistics. Reference [14] compared the distribution and transportation efficiency of cold chain logistics, the importance
of cold chain technology and cold chain equipment,
and pointed out the development direction of cold
chain logistics. Reference [15] proposed that food
cold chain improves the transportation distance and
improves food economy from the side, and then constructed a model to analyze the damage factors of
frozen food in the cold chain transportation. Reference [16] improved the transport mode selection
model of supply chain, and proposed a transport
mode selection model from the perspective of low
carbon. In reference [17], based on the cold chain
distribution of each component and using cloud
computing technology, real-time traffic information
in the transportation system is obtained through a
unified access interface. It analyzed distribution time
and cost of refrigerated vehicles, and then established a cold chain distribution vehicle routing optimization model. The parallel design and analysis of
coarse-grained genetic algorithm is used to solve the
simulation model of established optimization model.
Reference [18] constructed the lowest cost green and
low-carbon cold chain logistics distribution route optimization model. Taking minimum cost as objective
function, the total cost of allocation includes following costs: fixed cost, transportation cost, damage
cost, refrigeration cost, penalty cost, shortage cost
and carbon emission cost in the process of vehicle
allocation, and a cyclic evolutionary genetic algorithm is proposed accordingly. Reference [19] studied the dynamic multi-objective vehicle routing optimization model and used heuristic algorithm to
solve model, and obtained good results. Reference
[20] discussed the logistics routing problem with
time window. By adjusting pheromone, the ant colony algorithm is improved to solve model, and the
effectiveness of algorithm is verified by analysis and
comparison of examples. However, none of the
above literatures has included the Internet of Things
usage cost into model. In addition, considering the
energy saving and carbon emission reduction of cold
chain logistics distribution path research results are
not many, this study will fill this gap.
According to the characteristics and cost of
fresh products cold chain logistics, this paper proposes a low-carbon cold chain logistics distribution

MULTI-OBJECTIVE COLD CHAIN
LOGISTICS DISTRIBUTION ROUTE
OPTIMIZATION MODEL
Problem Description and Model Hypothesis.
In recent years, Suning, JD, Alibaba and NetEase are
gradually expanding the online market in the fresh
field. According to iResearch Consulting's "Consumption Insight Report of China's Fresh E-commerce Industry in 2019", fresh e-commerce has an
astonishing growth rate in recent years. From 2013
to 2019, the size of the fresh e-commerce market
reached 322.5 billion yuan, an increase of 53.3%
over 2018 [21-23]. Figure. 1 shows the transaction
size trend of the fresh e-commerce market from 2013
to 2019, which shows the specific transaction size
and growth rate. However, as shown in Figure 2, the
penetration development in the field of fresh e-commerce sales is relatively low. By 2019, fresh e-commerce has only 3% of the market.
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speed of refrigerated vehicle is the same and stable
in the same period of time.

2013-2019 China's Fresh Food E-commerce Market
Transaction Scale and Growth Rate
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Modeling. Because the delivery of goods is a
fresh product, multiple objectives such as transportation cost of refrigerated vehicles, fixed cost, refrigeration cost, damage cost in the transportation of
goods, time penalty cost of transportation vehicles,
carbon emission cost and the cost of using Internet
of Things technology should be considered in mathematical modeling.
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(1) Transportation costs. Transportation costs
are usually related to the price of the delivery product and the fuel consumption of the distribution vehicle [24], and the longer the vehicle travels, the
higher the delivery cost. Set transportation costs as:

FIGURE 1
2015-2019 China fresh food e-commerce transaction scale and growth rate
Percentage of China's Fresh Food E-commerce Market
Penetration Rate in 2019
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Where: k 1, 2, , m denotes the number of
vehicles; i, j 1, 2, , n is the distribution point;
dij is the distance between i and j ; w1 represents

Other2%

the price of the product; xijk represents the delivery
status factor related to the transportation cost of vehicle k , xijk 1 indicates that vehicle k com-
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pletes the delivery from point i to j , and xijk

Food market

0

indicates that vehicle k does not complete the distribution.

FIGURE 2
Percentage of China's fresh food e-commerce
market penetration rate in 2019

(2) Fixed cost. The fixed cost of cold chain services is a fixed value, usually related to driver's
wages and vehicle wastage factors. Set fixed costs
to:

According to the fresh products cold chain logistics operation, the low-carbon cold chain routing
problem can be described as a distribution center
with a certain number of refrigerated trucks of the
same type delivering to customers with known number and geographic location. Under the condition of
no duplicate distribution and meeting the customer's
receipt time requirement, full consideration should
be given to the restrictions such as refrigerated vehicle load capacity, optimize the transportation cost,
fixed cost, refrigeration cost, damage cost in the process of goods transportation, time penalty cost of
transportation vehicles, carbon emission cost and the
use cost of Internet of Things technology, and rationally arrange the distribution routes of vehicles.
This paper makes the following basic assumptions: (1) It has three distribution centers and 20 distribution customers whose location and distance
from other customers are known; (2) There is no
shortage of goods and half-way receipt throughout
the delivery process; (3) Refrigerated trucks are of
the same type and condition, all starting from the distribution center, and arriving at the distribution center after service is completed; (4) There is no interim
parking or temporary assignment; (5) Each guest is
visited by only one refrigerator truck; (6) The ideal

m

E2

¦c

k

(2)

k 1

In the formula, ck represents the fixed delivery
cost of vehicle k .
(3) Refrigeration cost. The main purpose of
refrigeration is to maintain a constant temperature to
ensure the freshness of fresh products. Refrigeration
costs mainly include the cost E31 of the distribution
vehicle in order to ensure the constant temperature
of the carrier during transportation, the cost of early
arrival of the distribution vehicle E32 and the cost of
late delivery of the vehicle E33 . The refrigeration
cost is:
E3 =E31 +E32 +E33
(3)
Where:
m

n

n

E31 =s ¦¦¦ xijk dij
k 1 i 1 j 1
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m

n

the loss cost of early arrival is E51 ; when the distribution vehicle arrives after the required time window
of the distribution point, the delay penalty cost E52
is generated. The time penalty cost is as follows:

n

E32 =s ¦¦¦ xijk max Ei  Ti , 0

(5)

k 1 i 1 j 1
m

n

n

E33 =s ¦¦¦ xijk max Ti  Li , 0
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(6)

E5 =E51 +E52

k 1 i 1 j 1

In the above formula: s represents the refrigeration cost of the vehicle per hour; > EiˈLi @ repre-

n

E51

E52

(6) Carbon emission cost. The cost of carbon
emissions mainly refers to the cost of carbon emissions generated by refrigerating vehicles in cold
chain logistics. Carbon emission is the product of
fuel consumption and CO2 emission coefficient. The
fuel consumption of the vehicle is related to the vehicle's load and driving distance, and the relationship
between the fuel consumption per unit distance of
the transport vehicle and the vehicle's load[25] can
be expressed as:
U  U0
(13)
M Xij U0 
Xij
D
Where U 0 is the fuel consumption per unit distance when the transport vehicle is empty; U is the
fuel consumption per unit distance when the
transport vehicle is fully loaded; D is the full load of
the vehicle; Xij represents the freight volume of the
vehicle between distribution point i and distribution point j . The cost of carbon emission is as follows:
m

O t0k  tik

m

n

¦¦ x

ijk

k

Tx PXi 1  eO2ti

n

(14)

k 1 i 1 j 1

(8)

Where T is carbon tax; w4 is carbon emission
coefficient.

(9)

(7) Cost of IoT technology. IoT technology is
gradually infiltrating into people's daily life, urban
operation and other aspects, and with the continuous
development of IoT technology, cold chain logistics
distribution has brought good opportunities. At present, the more widely used technology layer of the
IoT includes the combination of barcode and RFID
collection equipment, which is used to control, detect and track the space temperature and humidity,
and improve the operation efficiency. Therefore, the
technology cost of IoT in this study mainly comes
from the use and maintenance of RFID technology
in the distribution process. The expressions of relevant parameters and cost E7 are as follows:

k 1 i 1

E42

n

E6 = ¦¦¦ T w4 dij xijk M Xij

(7)

¦¦ xijk PXi 1  e 1

(12)

Where is the unit time waiting cost; w3 is the
unit time delay cost.

ing time Tx the more serious the damage to the
goods. The cost of loss of goods incurred by the unloading process is E42 then the cost of damage to the
goods can be expressed as:

n

w3 ¦ max Ti  Li , 0
i 1

(4) Cost of damage to goods. Goods served in
cold chains are fresh products and are susceptible to
factors such as air temperature, oxygen concentration and unloading time. This paper mainly analyses
from two factors: temperature and unloading time. In
the process of distribution, the changing of temperature of agricultural products will lead to the decline
of product quality and the cost of goods damage.
Assuming that the temperature of the refrigerated truck remains the same during transportation,
and the decay rate O1 of fresh products is a fixed
value, the cost of loss of goods incurred during the
transportation process is E41 ; When the distribution
vehicle arrives at the distribution point for unloading
the goods, the door needs to be opened, causing the
temperature of the fresh product to change and the
decay rate to increase with the temperature. Set the
decay rate to O2 O2 ! O1 , and the longer the unload-

m

(11)

n

earliest acceptable time; Li represents the latest acceptable time; Ti represents the actual delivery
completion time for point i .

E41

w2 ¦ max Ei  Ti , 0
i 1

sents the delivery time of point i ; Ei represents the

E4 =E41 +E42

(10)

k 1 i 1

Where P is the unit damage cost in transit; Xi
is the demand of distribution point i ; t0k A represents the departure time of vehicle k from the distribution center; tik A represents the time when vehicle k arrives at point i .
(5) Time penalty cost. The penalty cost of distribution time is related to whether the distribution
vehicle meets the time window of the distribution
point. When the distribution vehicle arrives before
the required time window of the distribution point,
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E cw  cB J qi

E7

IMPROVED HYBRID ANT COLONY
ALGORITHM SOLVING MODEL

(15)

Where E is the complexity of the use of IOT
technology; cw is the unit maintenance cost in the

Setting of initial pheromone. The heuristic
function of A* algorithm is as follows:
f n g n h n
(23)
Where is the evaluation function of customer
point n; g n is the actual cost from the current
point n to the distribution center; h n is the estimated cost from current customer point n to target
customer point. In order to ensure the feasibility of
the study, the European distance between customer
points is regarded as the distribution distance (
dij d ji ) between customer points. g n represents the sum of the costs of the vehicle k from the
distribution center to the customer point n, as shown
in equation 23:

distribution process of IOT technology; cB is the
unit use cost of RFID tag; J is the RFID tag usage
rate; qi is the cargo demand of customer i . In summary, the objective function of logistics cold chain
service is:
min E E1  E2  E3  E4  E5  E6  E7 (16)
The constraints are as follows:
n

m

¦¦ x

ijk

1, j 1, 2, , n

(17)

1, i 1, 2, , n

(18)

i 1 k 1

n

m

¦¦ x

ijk

j 1 k 1

n

¦ xijkXi d D

(19)

¦x

i0k

i 1

¦ x0 jk

(20)

Tj

(21)

(24)

Where h n represents the cost value between
the current customer point and the next selected customer point. Set the location of distribution center as
D, put all customer points into the open table, call
the heuristic function mentioned above, take the distribution center as the center point, put the customer
point with the lowest evaluation function value in the
open table into s[k], and delete the customer point in
the open table. After that, the vehicle will return to
the distribution center, and the distribution center
will dispatch another vehicle to deliver for the customer point until the distribution task of all customer
points is completed. At this time, the node sets in the
s[k] table of each vehicle are connected from front to
back, and the generated path is the optimal solution.
The initial pheromone of this path is assigned
WR
OW . Where O ! 1 . The pheromone of other
paths is set to B. The specific steps are as follows:
Step1: Variables are initialized, k 1 and V
are open tables;
0 , and asStep2: Initialize S > k @ I , Q k
a
sign to D ;
Step3: If V is an empty set, turn to step 10 to
end; otherwise, continue to step 4;
Step4: The heuristic function search is used to
find the customer point i with the minimum value
of the evaluation function from point a ;
Step5: If Q k Q k  qi d Qk is true, it will
be transferred to step5; otherwise, the vehicle will
return to the distribution center and transfer to step9;
Step6: Q k Q k  qi , a i ˗
Step7: Customer point i is put into s [k] and
deleted from V ;
Step8: Go back to step 3;
Step9: k k  1 turn to step 2;
Step10: end.

j 1

Ti  ti  t c  tij
xijk

0

ij

i 0 j 0

i 1

n

n

¦¦ Z

g n

n

n
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1, vehicle k travels from i to j
(22)
®
¯0, others
Where ti is the waiting time at distribution

point i ; t c is the unloading time; tij represents the
running time from distribution point i to distribution point j ; T j represents the time from the distribution center through distribution point i to distribution point j ; xi 0 k indicates that vehicle k starts
from the distribution center and arrives at point i ;
x0 jk indicates that vehicle k returns to the distribution center from point j .
Equation (16) is the objective function of the
lowest cost of cold chain logistics distribution, in
which the distribution cost is positively proportional
to the path; formula (17) - (18) ensures that each distribution point has only one vehicle for distribution
service; formula (19) ensures that the load of each
vehicle does not exceed its own maximum load; formula (20) ensures that the trajectory of each vehicle
must be a closed loop, and each vehicle must start
from the distribution center; formula (21) ensures
that the time window requirements of the distribution point are met.

best
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The set of customer points experienced by vehicle k is s[k], and the order of elements in s[k] is
the order in which vehicle k accesses customer
points. Qk is the maximum load of vehicle k and qi
is the demand of each customer point.

From equation (27) and equation (28), the heuristic information Kij of the whole algorithm is constructed as follows:

Kij K F uKd
att

Heuristic factor design. Aiming at the problem that ant colony algorithm will fall into "blind
search" at the initial time, this paper introduces the
target attraction factor according to the principle of
artificial potential field [26-27], so that the ant can
move towards the target direction at the initial moment. The implementation is as follows:
At position P , the gravitational potential field
is expressed as follows:

1 2
[ d P, G
2

U att P

U att P

[ d P, G nPG

Where nPG
to target G .
In order to make the ant have a directional
search path at the initial moment, the target gravity
is considered as part of the ant's heuristic information, which is combined with the ant's inherent
heuristic factors. The enlightening information of
this part is as follows:
att

a Fatt

W ij t  1

1
d ij

pij k

P , G nPG

dij

(29)

m

1  U W ij t  ¦ 'W ijk t , t  1  'W ijb  'W ijw
k 1

(30)
·
¸ , Local optimal path from node i to j
'W ijb
¹
, others
(31)
 §Q·
°w ¨
¸ , Local worst path from node i to j
'W ijw ® © Lw ¹
°
, others
¯0
(32)
Where, Lb ˈ Lw is the length of the local best
and worst path in this iteration. b ˈ w is the number
of ants on the local best and worst path, respectively.
k
after improveFinally, the transfer probability
ij
ment is:
 §Q
°b ¨
® © Lb
°
¯0

(27)

Where a 0  a  1 is a constant. Obviously,
under the effect of the heuristic information, ants
tend to choose the direction of gravity to move to the
next free area, which makes the robot choose the
path toward the target direction.
The intrinsic heuristic factors of ant colony are
defined as follows:

Kij

a[ d

Improving pheromone based on distribution
principle of wolf pack. In the ant colony algorithm,
the pheromone left by the ant who finds the worst
path will make algorithm fall into local optimum. In
order to make the algorithm converge faster and not
fall into the local optimum, pheromone calculation is
improved based on the principle of wolf pack algorithm [28]. The study found that in order to survive
and expand the population, the wolf pack will give
priority to the best food for strong wolf, and abandon
weak wolf. In this way, they can ensure that the next
strong wolf can catch more prey. Therefore, for each
iteration, pheromone on the local best path increases,
while pheromone in the local worst path decreases.
Pheromone updating rules are as follows:

(25)

(26)
is the unit vector of robot pointing

KF

a Fatt
dij

It can be seen from formula (29) that if the heuristic information of ant colony algorithm is used
alone, the speed of searching path is not high because
the heuristic weights of adjacent grids are not significantly different. When the target attraction is introduced, the ant moves towards the target at the initial
moment, which improves the search efficiency.

Where ] ] ! 0 is the proportional coefficient of gravitational potential field; d P, G represents the distance from the current position of the robot to the target point, and the attraction of the robot
to the target is the negative gradient of the gravitational field.

Fatt P
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(28)

p

E
a

m
ª a[ d P ,G nPG º
ª
k
b
wº
°
»
« 1  U W ij t  ¦ 'W ij  'W ij  'W ij » «
dij
°
k 1
¬
¼ «¬
»¼
°
E
a
m
®
ª a[ d P ,G nPG º
ª
k
b
wº
° ¦ « 1  U W is t  ¦ 'W is  'W is  'W is » «
»
k 1
¼ ¬ dis
° sallowwedk ¬
¼
°
, others
¯0
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Fresh e-commerce, including XBK, XMT and HM,
are representative e-commerce enterprises in
Wuhan's local fresh food field in recent years, creating online and offline integrated services for traditional operators. In this paper, the order information
of 3 e-commerce enterprises in a certain period is selected. During this period, each e-commerce enterprise has a certain amount of customer groups and
has specific information such as time requirement
and demand. E-commerce enterprises purchase the
corresponding goods according to the order information and distribute them by their respective distribution centers. In order to facilitate the calculation,
the geographical location of customers and distribution centers is given in the form of coordinates, and
the linear distance between them is calculated. The
coordinate information of distribution center is
shown in Table 1, and the basic customer information is shown in Table 2. The distribution of corresponding customer points and distribution centers
is shown in coordinate Figure. 3.

Using neighborhood algorithm to optimize
the optimal solution. In order to improve convergence speed of the algorithm, neighborhood algorithm [29] is used to optimize the feasible solution
generated by each iteration of ant colony algorithm.
There are three ways to find the neighborhood solution: insertion, reversal and exchange. In this paper,
the exchange method is used to find the neighborhood solution. Firstly, the solution generated by each
iteration of the ant colony algorithm is obtained, and
then the distribution points of the n1 and n2 visits are
randomly selected to exchange their positions. Then
the new solution is obtained by random perturbation
and recalculation. If the new solution is better than
original solution, the solution is updated, otherwise
it remains unchanged. Repeat above operation until
the maximum number of iterations is reached.
RESULTS
Model parameters setting. As an example to
verify the performance of the algorithm and model
proposed in this paper, the actual cold chain logistics
distribution data and Solomon standard example are
used for experimental verification. The model parameters and algorithm parameters are set as follows.
Set multi-objective cold chain logistics distribution path optimization model fresh product price
¹1=2500 yuan/ton, unit time waiting cost ¹2 = 200
yuan / h, unit time delay cost ¹3=300 yuan/h, maximum load capacity of distribution vehicle D = 15
tons, fixed operation cost of distribution vehicle
c=100 yuan, unit cost of cargo damage in transit P=4
yuan/km, decay rate in transit ¬1=0.02, decay rate
during unloading ¬2=0.03, refrigeration cost s=150
yuan/h, idle fuel consumption ²0˙1L/km, full load
fuel consumption ²*˙2 L/km, carbon emission coefficient ¹ 4=2.83 kg/L, carbon tax © ˙ 20
yuan/kg. Complexity of Internet of things technology £ =0.7, Internet of things technology unit
maintenance cost cw=1 yuan / vehicle, RFID label
unit cost cB=0.4 yuan/ unit, RFID label usage
¤=0.8.
The algorithm parameters are selected as pheromone importance ¢=1, inspired factor £=2, pheromone volatilization coefficient ²=0.1, ant number
m=50, maximum number of iterations ୫ୟ୶ =200,
the total amount of pheromone release is 100.

TABLE 1
Geographical Coordinates of The Distribution
Center
Distribution Center
Geographical Coordinate
XBK
(113.4682, 30.4025)
XMT
(114.2147, 30.5832)
HM
(114.4059, 30.3274)
Customer
point
Distribution
center

31.0

Latitude

30.8
30.6
30.4
30.2
30.0
29.8
113.0

113.5

114.0

114.5

115.0

Longitude

FIGURE 3
Distribution Center and Customer Point Coordinate Distribution
Example simulation. The error bar curve of
carbon tax and comprehensive cost is shown in Figure 4. As can be seen from Figure 4, with the increase
of carbon tax, the overall cost of cold chain logistics
distribution enterprises is on the rise. When the carbon tax level is very low (e.g. 0.05 yuan / kg), the
comprehensive cost is not the lowest. This is because
when carbon tax is not levied strongly, enterprises
do not have a strong sense of emission reduction. In
order to ensure the quality of customer service, they

An overview of examples. Based on the data
of fresh agricultural products e-commerce and related cold chain logistics distribution enterprises in a
certain area of Wuhan, Hubei Province, this section
makes an empirical analysis on the model with the
goal of cost minimization by improving ant colony
algorithm. This paper selects the customer information of three fresh agricultural products e-commerce in Wuhan as the distribution point, and cold
chain logistics enterprises as the distribution center.
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in this paper.According to the parameters of model,
MATLAB2019 is used for simulation, and the vehicle routing problem is solved for the joint distribution scheme without using the Internet of things and
the joint distribution scheme combined with the Internet of things technology.

TABLE 2
Fresh Food E-commerce Customer Information
Deman
d(k
g)

Expected
time

1

(114.0232,30.4768)

130

10:0011:00

2

(114.7162,30.6319)

180

10:0011:00

3

(114.7793,30.5843)

120

10:0011:00

4

(114.9905,30.5953)

90

06:0006:30

5

(113.1495,30.6138)

190

06:0006:30

6

(114.9318,30.53)

200

06:0006:30

120

06:0006:30

7

(113.7716,30.9663)

8

(113.7001,30.5842)

120

06:0006:30

9

(114.2712,30.1575)

150

06:0006:30

10

(113.5245,30.7546)

140

08:0008:30

11

(113.5575,29.885)

100

10:0010:30

12

(113.2466,30.0018)

170

10:0010:30

13

(113.4738,30.1757)

140

08:0008:30

14

(113.1775,30.0039)

150

07:0007:30

15

(113.7142,30.0309)

190

07:0007:30

210

08:0008:30

16

(114.6557,30.9205)

17

(113.7095,30.0494)

100

10:0011:00

18

(114.5239,30.5095)

80

10:0011:00

19

(113.5197,30.6184)

170

08:0008:30

20

(114.6081,30.3529)

150

09:0009:30

Acceptable
time
09:30
11:30
09:30
11:30
09:30
11:30
05:30
07:00
05:30
07:00
05:30
07:00
05:30
07:00
05:30
07:00
05:30
07:00
07:30
09:00
09:30
11:00
09:30
11:00
07:30
09:00
06:30
08:00
06:30
08:00
07:30
09:00
09:30
11:30
09:30
11:30
07:30
09:00
08:30
10:00

1835
1830

Comprehensive Cost Average/yuan

Delivery point coordinates

1825
1820
1815
1810
1805
1800
0.00

0.05

0.10

0.15
0.25
0.20
Coal Tax/yuan/kg

0.30

0.35

0.40

0.45

FIGURE 4
Relationship Between Carbon Tax and
Comprehensive Cost
When the common distribution mode is not implemented and the Internet of Things technology is
not used, the vehicle distribution path obtained is
shown in Figure. 5.
The red line is the vehicle routing path of XBK
distribution center, the blue line is the vehicle routing issued by XMT distribution center, and the green
line is the driving route of HM distribution center. In
the absence of joint distribution mode, each distribution center has established distribution customer
points, and the distribution distance is 500.5km,
913.4km and 903.1km respectively, and the transportation cost is 1556.2 yuan, 2318.6 yuan and
2210.7 yuan.
31.0
30.8

Latitude

Number
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30.6
30.4
30.2
Customer
point
Distribution
center

30.0
29.8

adopt the distribution scheme at the expense of distribution cost. At the same time, except for the experimental group with carbon tax of 0.4 yuan/kg, the
comprehensive cost variance in other cases is around
5 yuan, which reflects that the improved ant colony
has good performance in solving the model proposed

113.0

113.5

114.0

114.5

115.0

Longitude

FIGURE 5
The Optimal Cold Chain Logistics Vehicle Path
without the Joint Delivery Model
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In the same way, for the vehicle routing policy
under common distribution mode using the Internet
of Things technology, the cold chain logistics vehicle routing and specific optimization process are
shown in Figure. 6 and Figure. 7 respectively.

bution is 6085.5 yuan, and the total cost of joint distribution mode is 5740.7 yuan. Compared with the
former, the optimization effect is 6.01%. The total
distribution cost under the joint distribution mode
excluding the investment cost of Internet of Things
technology is 5,454.1 yuan, compared with the former, the optimization effect is 11.58%. It can be seen
that the optimization proportion of total cost under
the condition of considering technology input of the
Internet of Things is not high. However, it is worth
noting that the joint distribution mode is due to the
combination of Internet of Things technology. The
use of the Internet of Things technology for the early
investment of cold chain transportation increases the
cost, but with the increase of distribution volume, the
unit use cost is reduced, and the work efficiency is
improved and the information monitoring effect is
realized. The application value of the Internet of
Things has been discussed in the previous chapters,
which is mainly reflected in the guarantee and support role in food safety, distribution management,
distribution efficiency and other aspects.
In order to prove the effectiveness and stability
of the algorithm, the above experimental data were
selected and analyzed in combination with the cold
chain logistics distribution process. The algorithm in
this paper, the standard ant colony algorithm and the
genetic algorithm in literature [30] are compared,
and the results are shown in Figure. 8.

31.0

Latitude

30.8
30.6
30.4
30.2
Customer
point
Distribution
center

30.0
29.8
113.0

113.5

114.0

114.5
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115.0

Longitude

FIGURE 6
The Optimal Cold Chain Logistics Vehicle Path
with the Joint Delivery Model
8000
7600

8000

Proposed algorithm
Literature[30] algorithm
Ant colony algorithm

7600
6800

7200
6400

Lowest cost/yuan

Lowest cost/yuan

7200

6000
5600

6800
6400
6000

5200
0

100

200

300
400
500
Number of Iterations

600

700

800

5600

FIGURE 7
Optimal Cold Chain Logistics Vehicle Path Optimization Process under the Same
Distribution Mode

5200
0

100

200

300
400
500
Number of Iterations

600

700

800

FIGURE 8
Comparison of Simulation Results of
3 Algorithms

There is a big difference between the vehicle
routing planning shown in Figure. 6 and that in Figure. 5. The five pointed star represents the three distribution centers, the green path refers to the vehicle
driving situation of XBK distribution center, and the
red path and blue path represent the vehicle driving
situation of XMT distribution center and HM distribution center respectively. The distribution distance
is 524.1km, 403.8km and 450.4km respectively. In
the total cost of cold chain logistics vehicle distribution, the total cost of not implementing joint distri-

It can be seen from Figure. 8 that the algorithm
tends to be stable when the number of iterations is
213, and the optimal value is 5740.7 yuan. When the
number of iterations is 187, the algorithm in reference [30] tends to be stable, and the optimal value is
6021.1 yuan. When the iteration times of standard
ant colony algorithm is 512, the optimal value is
6325.9 yuan. The optimal value and convergence
rate of this algorithm are improved compared with
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those in reference [30] and standard ant colony algorithm. This is because, in the environment of large
number of ants, the standard ant colony algorithm is
easy to fall into local optimum. At the same time, due
to complexity of search path, the number of search
will increase and the convergence speed will be unstable. The algorithm proposed in reference [30] is
premature, which affects the convergence speed of
the algorithm. The reason why the convergence
speed and the quality of the proposed algorithm are
higher than the other two algorithms is that the A*
algorithm is introduced to set the initial pheromone
and the wolf pack distribution principle is used to
improve the pheromone and improve the quality of
the solution. The total amount of pheromones that
meet the requirements of a certain number of iterations is adaptively adjusted in a nonlinear way to improve the convergence speed.
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[2] Guo, H., Sun, J., Zhang, Y.S. (2020)Difficulties
and Countermeasures of Agricultural Products
Processing Industry in Rural Areas under the
Background of Rural Revitalization. IOP Conference Series Earth and Environmental Science. 17(6), 96-102.
[3] Ding, C.Z., Xiao, H.F. (2018) Analysis of Intra
Industry Trade in Agricultural Products Between China and the Belt and Road Countries.
Contemporary
Economic
Management.
040(011), 46-52.
[4] Zhou, Y.F., Chen, N. (2019) The LAP under facility disruptions during early post-earthquake
rescue using PSO-GA hybrid algorithm .
Fresen. Environ. Bull. 28(12A), 9906-9914.
[5] Zhou, Y.F., Yu, H.X., Li, Z., Su, J.F., Liu, C.S..
(2020) Robust Optimization of a Distribution
Network Location-Routing Problem Under Carbon Trading Policies. IEEE Access. 8(1),
46288-46306.
[6] Antmen, Z.F. (2019) Exploitation of peanut and
hazelnut shells as agricultural industrial wastes
for solid biofuel production.. Fresen. Environ.
Bull. 28(3), 2340-2347.
[7] Batman, Z.P., Ender, E. (2019) Investigation of
accessibility in recreational and leisure areas in
Bursa-Turkey.. Fresen. Environ. Bull. 28(3),
1811-1822.
[8] Turan, C., Gurlek, M., Erguden, D., Yaglioglu,
D., Uyan, A., Reyhaniye, A.N., Ozbalcilar, B.,
Ozturk B., Erdoºan Z., Ivanova P., Soldo A..
(2019) Population genetic analysis of Atlantic
bonito Sarda Sarda (Bloch, 1793) using sequence analysis of mtDNA D-loop region.
Fresen. Environ. Bull. 24(10), 3148-3154.
[9] Cayli, A. (2019)An Artificial Neural Network
Model For Predicting The Greenhouse Heat Requirement in Adana Climate Conditions. Fresen.
Environ. Bull. 28(9), 6537-6548.
[10] Tang, Y.R., Xie, J., Xu, H.W., Zhang, N. (2015)
Application of Cold Storage Phase-Change
Technology in Cold Chain Logistics of
Tuna(Thunnus obesus). Modern Food Science
& Technology. 31(1), 173-178.
[11] Topkaya, S., Desbiez, C., Ertunc, F. (2019)
Presence of cucurbit viruses in Ankara and Antalya province and molecular characterization of
coat protein gene of zucchini yellow mosaic virus Turkish isolates. Fresen. Environ. Bull.
28(4), 2442-2449.
[12] Hou, B., Liu, Y., Peng, T., Peng, T., Ren, B.Z.,
Li, Z., Hursthouse, A. (2019) Optimization of
the integration of Fe/C micro-electrolysis and
Fenton in treating coal chemical industry
wastewater by response surface methodology.
Fresen. Environ. Bull. 28(3), 2005-2011.

CONCLUSION
Aiming at the cold chain logistics vehicle routing problem, this paper establishes a cold chain logistics vehicle routing model including fixed cost,
transportation cost, goods damage cost, refrigeration
cost, time penalty cost, carbon emission cost and use
cost of IoT. Combining the global convergence of
the A* algorithm with the ant colony algorithm, the
initial cellulose is improved by using the principle of
wolf group algorithm to avoid it falling into local optimality. The improved ant colony algorithm is used
to solve the optimal vehicle routing of cold chain logistics. Simulation results show that, compared with
genetic algorithm and standard ant colony algorithm,
the improved algorithm can improve the solution
quality and convergence speed, and can be applied
to cold chain logistics distribution. However, this paper does not consider the impact of road traffic problems and weather on the transportation process in the
process of distribution, and does not measure the impact of unloading time on the quality of refrigeration,
which is different from the actual situation of vehicle
distribution. Therefore, in the future research, the
weather conditions, road congestion, unloading time
and other factors can be incorporated into the model
to make the research results closer to reality.
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wheat importer, and the General Supply Commodities Authority (GASC) in Egypt alone is the largest
buyer of wheat in the world. Hence, wheat is understood to be a product of paramount importance to
Egypt. The deficit of wheat production increase in
accordance to the continuous population growth
(about 2.5%) and present per-capita consumption estimated about 150 kg/year-1 [1]. The domestic wheat
production in 2018/2019 season was estimated by
8.8 million tons produced from 1.34 million ha. [2].
The national wheat production in Egypt is insufficient to meet local consumption. Therefore, Egypt
imports above six million tons of wheat grains annually [3]. Increasing wheat production could be possible via two ways: horizontal expansion through increasing the cultivated area and vertical expansion
through the development of new cultivars having the
high potentiality and subsequently implementing the
proper cultural practices. Varieties, crop management's, nitrogen fertilizer, sowing dates, sowing pattern, irrigation treatment [4-9], diseases control [1015], salinity, drought and heat tolerance [16-21] considered to be major tools for enhancing productivity.
Sowing date and seeding rate plays an important role
in determining wheat productivity; where, the final
grain yield depended on the times of sowing and
amount of added seeds. Variability in determination
of the optimum seed rates is a function of various
associated environmental conditions, i.e. soil type,
moisture locality, date of seedling (early, optimum
or late), cultural treatments and variety.
The last half of November considers the favorite time for wheat production in north delta Egypt
[22]. Yield reduction led to decrease wheat productivity due to a reduction occurred in head density.
However, kernels per head increased with delaying
planting time but the increase was not enough to
compensate for low tiller production in late-planted
wheat [23]. Higher yield was observed on 6 and 21
November due to the superiority of some traits, including 1000 grain weight, grain number, grain
weight per spike, optimum density, harvest index
and grain filling period [24]. Sowing time and

ABSTRACT
A field experiment was conducted during the
growing seasons of 2016/17 and 2017/18 to investigate the effect of different sowing dates (Five sowing dates, i.e., 15th Oct., 1st Nov., 15th Nov., 1st Dec.
and 15th Dec.) and three seeding rates of 108, 156
and 204 kg/ha and their interaction on the yield and
its component of wheat cultivar of Shandaweel1.
Every sowing date was separated and seeding rate
was randomly distributed in RCBD with four replications. The results reveal that effects of sowing
date, seeding rate and interaction between sowing
date and seeding rate were significant for most of the
studied traits. Heading and maturity periods, plant
height, yield, yield components and harvest index
were significant affected by the differences of sowing dates. Early or late sowing (15th October or 15th
December) significantly reduced plant height and
days to heading and maturity numbers. Sowing in
15th November maximized yield and yield components of wheat Shandaweel1. Seeding rates effect
was significant for all traits under investigation. Decreased seed rates (108 kg seed/ha.) increased number of days to heading and maturity. Meanwhile, the
increased seed rate of 204 kg seed/ha. led to increase
number of tillers/m2 and plant height. Seed rate 156
kg/ha produced the greatest yield and its components
by sowing in 15th November with 156 kg seed/ha.
KEYWORDS:
Wheat, sowing date, seeding rate, yield and its components

INTRODUCTION
Wheat (Triticum aestivum, L.) is one of the
most important cereal and forage crops in Egypt, and
cereals are also the most important group of crops.
Wheat represents about 10 percent of the total value
of agricultural production and about 20 percent of all
agricultural imports. Egypt is also the world's largest
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TABLE 1
Physical and chemical properties of the experimental soil during 2016/17 and 2017/18 growing seasons.
2016/17

2017/2018

Characters
Sand %
Silt%
Clay %
Soil texture

Mechanical characters
62
17
20
Sandy clay loam

N mg/kg (available)
P mg/kg (available)
K mg/kg (available)
Soil pH

259.45
1.34
524.40
8.25

59
16
25
Sandy clay loam
Chemical analysis

seeding rate significantly influenced the morphological and physiological characteristics of winter
wheat [25]. Higher grain yield was obtained when
wheat seeds were sown on 5th and 25th of November
compared to 10th of December sowing date [8]. Sowing in the optimum date at 20th November produced
the highest grain yield, yield components and seed
quality. Late planting of wheat is one of the reasons
for yield reduction, wheat plants cultivated at late
time subjected to high temperature at reproductive
stage; consequently, causing reduction of the number of kernels per spike and the size [26]. The influences of planting date on some bread wheat cultivars
and they found that significant differences were attained between the sowing date for heading date, maturity date, plant height, spikes/m2, grain/spike,1000
grain weight, grain yield, straw yield, harvest index
and protein percentage [27]. Delay in sowing date
decreased values of all parameters, i.e. days to maturity, plant height, spike length, spiklets/spike,
grains/spike, 1000-grain weight and grain yield
[28, 29].
Increasing the number of plants per unit area,
reduces the volume of air and soil that the individual
plant can exploit, and therefore increases competition between plants for soil nutrients, moisture, CO2
and light. Seeding rate and variety had significant effect on weed and yield of wheat under strip tillage
system [30]. Seeding rate and variety had significant
effect on yield of wheat. The high seeding rates resulted in more reproductive ears per m2 whilst reduced seeding rates produced more grains per ear
[31]. Plant height, ineffective tiller number and leaf
area were decreased significantly along with the delay of sowing date [32]. The yield reduction on highest seed rate was attributed to the reduced number of
grains per spike as a consequence of decreasing biomass and thousand-grain weight (TGW). Delaying
sowing (SD2) with increased seed rate (SR) can obtain high yield [33]. Protein content was increased
by decreasing the seeding rates [34]. The objectives
of this study were to investigate the interactive effects of sowing dates on wheat grain yield and yield
components in New Valley Region. Investigate the
interactive effects of seeding rates on wheat grain
yield and yield components. Investigate the interactive effects of interaction between planting dates and

260.12
2.03
496.89
8.13

seed rate on yield and yield components. Investigate
the interactive effects of planting dates and seeding
rate on protein content on grain quality.
MATERIALS AND METHODS
Two experiments were conducted in the New
Valley Governorate (El-Mawhob village) in
2016/2017and 2017/2018 wheat growing seasons.
The site is located at 25.21 N, 28.51E and 125 m
level above sea level. The present work aimed to
study effect of five sowing date, for wheat cultivar
Shandaweel1 under different three seed rates and
their interaction on yield and its components and
grain quality.
Five sowing date were separated, and three
seed rates were assigned randomly in each sowing
date in randomized complete block design (RCBD).
The plot area of the experimental unit was 3.0 m
wide x 3.5 m long (10.5 m2). Experimental factors
included the following treatments:
1- Planting date: Five sowing dates (every 15
days) i.e., 15th October (S1), 1st November (S2), 15th
November (S3), 1st December (S4) and 15th December (S5).
2- Seed rates: Three seeding rate of 108, 156
and 204 kg/ha in each trail.
Wheat cultivar: Shandaweel1 was used. The
physical and chemical analyses of the experimental
soil are presented in Table 1.
In both seasons, wheat was preceded by fallow.
The soil of experimental sites was well prepared.
Two plowing and well leveling were done. Phosphorus fertilizer was added at a rate of (71.43 kg
P2O5/ha) in the form of super-phosphate (12.5 %
P2O5) was incorporated in the soil after the leveling.
Nitrogen fertilizer (178.6 kg N/ha) was added in ammonium nitrate form (33.5%) and was spilt in two
portions and applied 20% before the first watering
and 80% before the second watering. Normal agricultural practices for growing wheat were performed.
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TABLE 2
Average monthly temperature (oC) at New Valley during 2016/17 and 2017/18 wheat growing seasons.
Season
2016/2017
Tempe.
Max
Min
(°C)
(°C)
Month
33.4
19.4
10/16
28.7
13.0
11/16
21.7
6.5
12/16
21.6
4.5
1/17
22.6
5.1
2/17
27.5
10.4
3/17
4/17
33.7
14.7
Max = maximum temperature, Min = minimum temperature

Mean
(°C)
26.4
20.6
13.7
12.5
13.8
19.0
24.2

Max
(°C)
32.7
27.1
25.1
21.7
28.1
33.1
37.1

2017/2018
Min
(°C)
16.1
10.6
9.2
4.7
9.2
12.3
16.9

Mean
(°C)
24.3
19.0
17.1
13.1
17.8
22.7
27.0

FIGURE 1
Number of days to heading and maturity as affected by sowing date of Shandaweel1 wheat cultivar in
2016/17 and 2017/18 growing seasons. S1: 2016/17, S2: 2016/17
Growth and yield characters. The data of the
following characters were recorded as mean of plot
in each replicate for all experiments in both seasons
as follows: Days to heading and maturity, number of
fertile tillers/m2 (spikes/m²), 1000-grain weight (g),
number of grain/spike, number of spiklets/spike,
spike length (cm), biological yield (grain + straw),
grain yield, straw yield (t/ha.), harvest index% and
protein %.

RESULTS AND DISCUSSION
The analysis of variance has revealed that there
were highly significantly (P<0.01) among the treatments of sowing time and seed rate. In addition, their
interaction showed significant changes and variations in both seasons.
The days number to heading and maturity.
Effect of sowing date. Results presented in Figure 1
show a highly significant effect (P<0.01) of sowing
date on numbers of days to heading and maturity in
both seasons. Numbers of days to heading and maturity increased gradually with sowing postponement to 15th Nov. then its decreased after that. The
longest periods to heading i.e., 83.96 and 96.33 day
were obtained when wheat sown on 15th November
in both successive seasons, respectively while, long-

Statistical analysis. The obtained results during the studied growing seasons were subjected to
analysis of variance and treatment effects were compared using Revised Least Significant Differences
(RLSD0.05). All statistical analysis performed using
analysis of variance technique by “MSTAT-C” computer software package 1990.
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est days to maturity 132.17 and 143.25 day were recorded when wheat was planted at 15th October and
15th November in the first and second season, respectively without significant difference between the two
dates. The delay in heading and maturity may be attributed to a decrease in temperature during the vegetative stage. Where, the time needed to reach heading and maturity was increased by early sowing in
the first half of November [22, 26, 35].

attained in the two successive growing seasons, respectively. This result is expected because wheat
plants in this case occupy too much space, leading to
their tendency to vegetative growth and delaying
flowering and maturity. Increasing plant density in
wheat lead to early flowering and maturity [23, 36].
Interaction effect. The interaction effect between sowing dates and seeding rates on days numbers to heading and maturity was insignificant in
both growing season except, on days number to maturity in 2016/17 season which was significant
(p>0.05). Figure 3 show that plants are planted at
low density (108 kg/ha) were delayed when they
were planted at the early date (15thOct.) where the
plants reached to maturity after 133.25 days from
sowing.

Effect of seeding rates. A highly significant
effect (P<0.01) of seeding rates on numbers of days
to heading and maturity in both seasons was observed (Figure.2). Greatest number of days to heading i.e., 73.30 and 79.15 day and maturity i.e., 126.35
and 136.60 day with seed rate of 108 kg seed/ha were

FIGURE 2
Number of days to heading and maturity as affected by seed dates of Shandaweel1 wheat cultivar in
2016/17 and 2017/18 growing seasons. S1: 2016/17, S2: 2016/17

Days No. to maturity

RLSD0.05 2016/17=1.85
160
140
120
100
80
60
40
20
0
108 kg156 kg204 kg108 kg156 kg204 kg108 kg156 kg204 kg108 kg156 kg204 kg108 kg156 kg204 kg
15-Oct.

1-Nov.

15-Nov.

1-Dec.

15-Dec.

The interaction between sowing dates seeding dates
FIGURE 3
Number of days to maturity as affected by the interaction between sowing dates seeding dates of
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Shandaweel1 wheat cultivar in 2016/17 growing season.

FIGURE 4
Plant height (cm) and spike length (cm) as affected by sowing dates of Shandaweel1 wheat cultivar in
2016/17 and 2017/18 growing seasons. S1: 2016/17, S2: 2016/17

FIGURE 5
Plant height (cm) and spike length (cm) as affected by seeding rates of Shandaweel1 wheat cultivar in
2016/17 and 2017/18 growing seasons. S1: 2016/17, S2: 2016/17
sponse of photoperiodism as well as dry matter accumulation which the part of them convert to spikes
and grains development. The time needed to reach
heading and maturity was increased by early sowing
in the first half of November [26, 37, 38].

Plant height and spike length. Effect of sowing dates. Plant height and spike length were high
significantly (P<0.01) affected by sowing dates in
both growing seasons (Figure 4). The tallest plants
(114.75 and 116.42 cm in the first and second season, respectively) were recorded when wheat was
sown on 15th November. While, the tallest spikes i.e.,
20.33 and 20.25 cm were obtained when wheat was
sown on 1st and 15th of November in the first and second seasons, respectively without significant differences between the two dates. This action could be
attributed to the early planting date, which may lead
to increasing wheat vegetative growth period as a re-

Effect of seeding rates. A highly significant
effect (P<0.01) of seeding rates on plant height and
spike length in both seasons was observed (Figure
5). The biggest values of plant height i.e., 109.45 and
110.40 cm were recorded from seed rate of 204 kg/ha
in the first and second growing season, respectively
this may be due that increase in plants density leads
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to shading of plants each other, resulting in elongation of plants to obtain light [25, 39, 40, 41]. Tallest
spike i.e., 18.75 and 19.60 cm were obtained with
seed rates of 156 and 108 kg/ha in the first and second season, respectively. This result may be attribute
that a good chance foundation to plants for formation
long spikes when it was planting at low or moderate
densities [42].
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(P<0.01) of sowing dates was observed in both seasons on numbers of spikelets and grains/spike (Figure 6) where, the highest values of spikelets number
(21.83 and 23.50) and grains number/spike (61.08
and 63.88) were recorded when wheat was sown on
15th November in both seasons, respectively, while
the lowest numbers were recorded to the late sowing
date of 15th December. The reduction occurred could
be attributed to the shortness of growing season, less
production of photosynthates and rise in temperature
at the time of grain filling stage; consequently, spikelet sterility phenomena was observed [27, 43], they
found that sowing in the second half of November
recorded the highest numbers of spikelets and
grains/spike.

Interaction effect. The interaction effect between sowing dates and seeding rates on plant height
and spike length was insignificant in both growing
seasons.
Numbers of spikelets and grains/spike. Effect of sowing dates. Highly significant effect

FIGURE 6
Spikelets number/spike and grains number/spike as affected by sowing dates of Shandaweel1
wheat cultivar in 2016/17 and 2017/18 growing seasons. S1: 2016/17, S2: 2016/17

FIGURE 7
Spikelets number/spike and grains number/spike as affected by seeding dates of Shandaweel1
wheat cultivar in 2016/17 and 2017/18 growing seasons.
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Spikelets No./spike

RLSD0.05 2016/17 = 1.80
70
60
50
40
30
20
10
0
108 kg 156 kg 204 kg 108 kg 156 kg 204 kg 108 kg 156 kg 204 kg 108 kg 156 kg 204 kg 108 kg 156 kg
15-Oct.

1-Nov.

15-Nov.

1-Dec.

15-Dec.

The interaction between sowing dates seeding dates

Grains number/spike

RLSD0.05
2016/17=2.30 & 2017/2018=3.00
70
60
50
40
30
20
10
0
108 kg 156 kg 204 kg 108 kg 156 kg 204 kg 108 kg 156 kg 204 kg 108 kg 156 kg 204 kg 108 kg 156 kg 204 kg
15-Oct.

1-Nov.

15-Nov.

1-Dec.

15-Dec.

The interaction between sowing dates seeding dates
Grains number/spike 2016/17

Grains number/spike 2017/18

FIGURE 8
Spikelets number/spike and grains number/spike as affected by the interaction between sowing dates and
seeding dates of Shandaweel1 wheat cultivar in 2016/17 and 2017/18 growing seasons.
Effect of seeding rates. The results shown in
Figure 7 indicate that a significant effect (P<0.05) of
seeding rates on number of spikelets/spike in the first
season, only and grains number/spike in both growing seasons. The highest number of spikelets/spike
(19.60) was obtained with seed rate of 156 kg/ha in
the first season, only while highest number of
grains/spike (55.11 and 63.27) were obtained with
seed rates of 156 and 108 kg/ha in the first and second season, respectively. The seed rates played important role in spike and grain formation where the
increase of seed rate may be resulted in decrease metabolites of photosynthesis [35, 44, 45, 46].

spikelets/spike (22.50) was recorded when wheat
seeds were sown on 15th of November with seed
rates of 156 kg/ha. The plants sown in 15th November with seeding rate of 204 kg/ha produced 61.95
grains/spike in 2016/2017 and plants sown in 15th
November with 108 kg seed/ha recorded 65.13
grains/spike in 2017/2018 growing season.
Yield, yield attributes, harvest index and
protein %. Effect of sowing dates. Results presented in Tables 3, 4 and 5 refer to a significant effect
(P<0.01) of sowing date on yield, yield attributes,
harvest index and protein% during the two successive growing seasons. Results indicate that the largest numbers of fertile tillers/m2 (514.2 and 539.8)
were obtained when wheat cultivar was sown on 15th
of November in both seasons, respectively. Maximum fertile tillers/m2 in early sowing date might be
occurred due to the favorable temperature for tillers
formation. The greatest values of 1000 grain weights
(34.58 and 35.56 g), biological yields (19.52 and
21.55 t/ha.), grain yields (4.95 and 6.20 t/ha.), straw
yields (14.57 and 15.35 t/ha), harvest index (26.68

Effect of the interaction. Results as shown in
Figure 8 reveal that significant effect of interaction
between sowing dates and seeding rates on number
of days to reach maturity and spikelets No./spike
were significant (p>0.05) in 2016/17 season, only as
well as grains No./spike in both seasons (p>0.01).
The greatest number of days to reach maturity was
(134 day) with sowing date of 15th November with
seed rate of 108 kg/ha and the highest number of
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TABLE 3
Means of Fertile tillers No./m2, 1000 grain weight and biological yield (t/ha.) as affected by sowing date
and seed rate and their interaction of Shandaweel1 in 2016/17 and 2017/18 growing seasons.
Traits
Season

Fertile tillers No./m2
2016/17
2017/18

1000 grain weight
2016/17
2017/18
Sowing Date
466.2
484.3
32.13
32.50
15-Oct.
491.5
506.3
33.64
34.47
1-Nov.
514.2
539.8
34.58
35.56
15-Nov.
481.6
504.6
33.67
34.99
1-Dec.
448.9
455.8
29.31
33.83
15-Dec.
**
**
**
**
F test
8.5
2.8
0.21
0.23
R.L.S.D. 0.05
Seed Rate (kg/ha.)
417.8
442.5
32.50
34.18
108 kg
499.1
521.6
33.56
34.84
156 kg
524.6
530.5
31.95
33.79
204 kg
**
**
**
**
F test
6.4
11.0
0.23
0.18
R.L.S.D. 0.05
**
N.S.
**
**
Interaction
16.2
0.54
0.42
R.L.S.D. 0.05
*, **and NS indicated significant at P<0.05, P<0.01 and not significant, respectively.

Biological yield (t/ha.)
2016/17
2017/18
15.24
16.73
19.52
16.41
14.34
**
0.59

16.77
18.26
21.55
18.63
17.42
**
0.20

15.56
17.32
16.46
**
0.42
**
1.03

17.57
19.48
18.53
**
0.10
**
0.23

TABLE 4
Means of grain yield (t/ha.), straw yield (t/ha.) and harvest index% as affected by sowing date and seed
rate and their interaction of Shandaweel1 in 2016/17 and 2017/18 growing seasons.
Traits
Season

Grain yield (t/ha.)
2016/17
2017/18

Straw yield (t/ha.)
2016/17
2017/18
Sowing Date
3.58
4.02
11.66
12.75
15-Oct.
3.99
4.35
12.74
13.91
1-Nov.
4.95
6.20
14.57
15.35
15-Nov.
3.96
5.10
12.46
13.53
1-Dec.
2.95
3.42
11.39
14.00
15-Dec.
**
**
**
**
F test
0.14
0.06
0.62
0.22
R.L.S.D. 0.05
Seed Rate (kg/ha.)
3.72
4.38
11.84
13.19
108 kg
4.09
5.11
13.23
14.36
156 kg
3.85
4.36
12.62
14.17
204 kg
**
**
**
**
F test
0.07
0.05
0.45
0.11
R.L.S.D. 0.05
**
**
**
**
Interaction
0.19
0.11
1.12
0.25
R.L.S.D. 0.05
*, **and NS indicated significant at P<0.05, P<0.01 and not significant, respectively.

and 28.69 %) were obtained when wheat cultivar
was sown on 15th November in both seasons, respectively. Early planted wheat on 15th of November led
to highest biological, grain and straw yields; this
might be attributed to more growth duration; consequently, more dry matter was attained and longer
spikes repletion time with heavier grains and higher
number of fertile tillers. On the other hand, sowing
date of 15th December had recorded the highest mean
protein values (15.65%) in the two growing seasons.
The results reveal that sowing date on 15th November surpassed the other sowing dates in number of
spike/m2, 1000 grains weight, biological yield, grain
yield, straw yield and harvest index. Sowing in the
second half of November recorded the graters values

Harvest index%
2016/17
2017/18
23.48
23.85
25.68
24.11
20.61
**
1.58

24.00
23.82
28.69
27.42
19.61
**
0.45

23.88
23.50
23.26
N.S.
-N.S.
--

24.75
25.95
23.42
**
0.27
**
0.59

for yield, yield attributes, harvest index and protein% [33, 36, 42, 47, 48, 49, 50, 51].
Effect of seeding rates. Results presented in
Tables 3, 4 and 5 demonstrate that wheat grains and
seeding rates significantly increased (P<0.01) number of fertile tillers/m2, 1000 grain weight and biological, grain and straw yields in both growing seasons as well as protein percentage as a mean of both
growing seasons. On the other hand, significant differences (P<0.01) of harvest index in the second season only was observed. Results show that the greatest numbers of fertile tillers/m2 (524.6 and 530.5)
were recorded with seed rate of 204 kg seed/ha.,
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TABLE 5
Means of protein % in both seasons as affected by sowing date, seed rate and their interaction.
Seed rate
Sowing date
15-Oct.
1-Nov.
15-Nov.
1-Dec.
15-Dec.
Mean
Sowing date (S.D.)
Seed rate (S.R.)
S.D. x S.R.

108 (kg/ha.)

156 (kg/ha.)

204 (kg/ha.)

Mean

13.73
12.34
10.17
11.43
15.62
12.66

13.11
10.55
10.91
10.34
15.83
12.15

14.22
10.80
9.87
12.43
15.51
12.56

13.69
11.23
10.32
11.40
15.65
12.46

F test
**
**
**

R.L.S.D.0.05
0.68
0.02
0.05

TABLE 6
Means of number of days to fertile tillers No./m2, 1000 grain weight and biological yield as affected
by interaction between sowing date and seed rate of wheat cultivar Shandaweel1
Fertile tillers
1000 grains weight (g)
Biological yield (t/ha.)
No./m2
S.D.
S.R./ha.
2017/18
2016/17
2017/18
2016/17
2017/18
108 kg
416.0
32.8
33.2
14.89
16.62
156 kg
470.0
33.8
33.6
15.24
16.94
15-Oct.
204 kg
512.5
29.8
30.8
15.59
16.76
108 kg
416.3
33.6
34.3
15.81
17.13
156 kg
520.0
34.3
35.2
17.27
19.12
1-Nov.
204 kg
538.3
33.0
33.9
17.11
18.53
108 kg
459.3
34.2
35.2
17.22
20.27
156 kg
530.8
35.2
36.1
21.84
23.37
15-Nov.
204 kg
552.5
34.3
35.4
19.49
21.01
108 kg
404.3
33.5
34.6
16.00
17.39
156 kg
516.5
34.2
35.6
17.46
20.21
1-Dec.
204 kg
524.0
33.3
34.8
15.78
18.30
108 kg
393.0
28.4
33.6
13.87
16.46
156 kg
458.0
30.3
33.8
14.80
17.73
15-Dec.
204 kg
495.8
29.3
34.1
14.35
18.06
**
**
**
**
**
F test
16.2
0.5
0.4
1.03
0.23
R.L.S.D. 0.05
S.D.=Sowing Dat, S.R.=Seed Rate., * and ** indicated significant at P<0.05, P<0.01, respectively.
Traits

TABLE 7
Means of grain yield (t/ha.), straw yield (t/ha.) and harvest index% as affected by interaction between
sowing date and seed rate of wheat cultivar Shandaweel.
Traits

Grain yield (t/ha.)

S.D.

Straw yield (t/ha.)

S.R./ha.
2016/17
2017/18
2016/17
2017/18
108 kg
3.52
3.94
11.37
12.68
156 kg
3.71
4.34
11.52
12.60
15-Oct.
204 kg
3.49
3.79
12.10
12.97
108 kg
3.81
4.13
12.00
13.01
156 kg
4.16
4.97
13.11
14.15
1- Nov.
204 kg
4.00
3.95
13.11
14.58
108 kg
4.64
5.82
12.59
14.45
156 kg
5.30
7.26
16.54
16.12
15-Nov.
204 kg
4.92
5.53
14.57
15.49
108 kg
3.90
4.90
12.10
12.49
156 kg
4.22
5.35
13.24
14.86
1-Dec.
204 kg
3.75
5.05
12.03
13.24
108 kg
2.73
3.13
11.14
13.33
156 kg
3.05
3.65
11.75
14.08
15-Dec.
204 kg
3.08
3.47
11.27
14.59
**
**
**
**
F test
0.19
0.11
1.12
0.25
R.L.S.D. 0.05
S.D.=Sowing Date, S.R.=Seed Rate., *and ** indicated significant at P<0.05, P<0.01, respectively.

3464

Harvest index
%
2017/18
23.73
25.63
22.64
24.10
26.02
21.34
28.72
31.04
26.30
28.18
26.47
27.62
19.00
20.61
19.21
**
0.59
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1000 grain weights (33.56 and 34.84 g) were recorded with 156 kg/ha, in both seasons, respectively.
The highest biological yields (17.32 and 19.48 t/ha.),
grain yield (4.09 and 5.11 t/ha.), straw yield (13.23
and 14.36 t/ha.) with seed rate of 156 kg/ha were attained in both seasons, respectively. A harvest index
of 25.95% was recorded with seed rate of 156 kg/ha.
in the second season, only. The mean value of protein was 12.66% with seed rate of 108 kg/ha. These
traits were affected significantly by the above-mentioned treatment [35, 44, 52, 53].
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[3] USDA, F.A.S. (2019) Egypt, grain and feed annual 2019. https://apps.fas.usda.gov/newgainapi/api/report.pdf.
[4] Abdelaal, Kh.A.A., Badawy, Sh.A., Abdel Aziz,
R.M. and Neana, Sh. M.M. (2015) Effect of
mineral nitrogen levels and biofertilizer on morphophysiological characters of three sweet sorghum varieties (Sorghum bicolor L. Moench). J.
Plant Production. Mansoura Univ. Egypt. 6(2),
189-203.
[5] Abdelaal, Kh. A.A., Ragab, A.Y., El-Hag, D.A.
and Osman, M.F. (2019) Effect of nitrogen and
potassium fertilization on productivity and quality sugar beet plants at North Delta Region,
Egypt. Fresen. Environ. Bull. 28, 7833-7839.
[6] Ragab, A.Y., Geries S.M.L., Abdelaal,
Kh.A.A., Hanna, S.A. (2019) Growth and
productivity of onion plant (Allium cepa L.) as
affected by transplanting method and NPK fertilization. Fresen. Environ. Bull. 28, 7777-7786.
[7] Abdelaal, Kh.A.A. and Tawfik Sahar, F. (2015)
Response of Sugar Beet Plant (Beta vulgaris L.)
to Mineral Nitrogen Fertilization and Bio-Fertilizers. Int. J. Curr. Microbiol. App. Sci. 4(9),
677-688.
[8] Abdelaal, Kh.A.A. and Tawfik, S.F. (2015) Response of Sugar Beet Plant (Beta vulgaris L.) to
Mineral Nitrogen Fertilization and Bio-Fertilizers. Int. J. Curr. Microbiol. App. Sci. 4(9), 677688.
[9] EL Sabagh, A., Abdelaal, Kh.A.A. and Barutcular C. (2017) Impact of antioxidants supplementation on growth, yield and quality traits of canola (Brassica napus L.) under irrigation intervals in North Nile Delta of Egypt. Journal of Experimental Biology and Agricultural Sciences.
5(2), 163-172.
[10] Abdelaal, Kh.A.A., Hafez, Y.M., Badr, M.M.,
Youseef, W.A. and Esmail, S.M. (2014) Biochemical, histological and molecular changes in
susceptible and resistant wheat cultivars inoculated with stripe rust fungus Puccinia striiformis
f.sp. tritici. Egyptian Journal of Biological Pest
Control. 24(2), 421-429.
[11] Hafez, Y.M. and Abdelaal, Kh.A.A. (2015) Investigation of susceptibility and resistance
mechanisms of some Egyptian wheat cultivars
(Triticum aestivum L.) inoculated with Blumeria graminis f.sp. tritici using certain biochemical, molecular characterization and SEM. J.
Plant Prot. and Path. Mansoura Univ. 6, 431454.
[12] Hafez, Y.M., Abdelaal, Kh.A.A., Mahmoud,
M.B. and Esmaeil, R.A. (2017) Control of Puccinia triticina the causal agent of wheat leaf rust
disease using safety resistance inducers correlated with endogenously antioxidant enzymes
up-regulation. Egyptian Journal of Biological
Pest Control. 27(1), 1-10.

Effect of interaction. Results presented in Tables 5, 6 and 7 reveal that the significant variations
were obtained due to the interaction between sowing
date and seeding rate fertile tillers/m2 and harvest index in the second season only; whilst, the values of
1000 grain weight, biological, grain and straw yields
recorded significant variations in both growing seasons (P<0.01). Where, the greatest number of fertile
tillers/m2 (552.5) was recorded when wheat planted
in 15th of November with seed rate of 204 kg/ha.
Wheat Planted in 15th of November with seed rate of
156 kg/ha. recorded the heaviest weight of 1000G.W. (35.2 and 36.1 g, respectively) and greatest biological yields (21.84 and 23.37 t/ha.), grain yields
(5.30 and 7.26 t/ha.) and straw yields (16.54 and
16.12 t/ha) compared with the other treatments in the
first and second season, respectively. In addition,
plants sown in 15th of November with a seeding rate
of 156 kg/ha. recorded the highest harvest index
(31.04%) in the second season only. Sowing date of
15th of December with seed rate of 204 kg/ha. recorded the highest values of protein 15.83%.
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REVHUYHWKHIRUHVWDUHDDWDQ\WLPHDQGUHSRUWDEQRU
PDOVLWXDWLRQVWRWKHORFDOIRUHVWSURWHFWLRQVWDWLRQLQ
WLPH WR WDNH HIIHFWLYH FRQWURO PHDVXUHV %HFDXVH
WKHVH PRQLWRULQJ PHWKRGV FRQVXPH D ORW RI PDQ
SRZHUDQGPDWHULDOUHVRXUFHVWKHMXGJPHQWRISHVWV
LVDOVRVXEMHFWLYH0RUHRYHULQDUHDVZLWKVWHHSWHU
UDLQDQGUHVWULFWHGPRYHPHQWSHVWGDPDJHLVPRUH
GLIILFXOW WR GHWHFW 7KHUHIRUH WUDGLWLRQDO PDQXDO
PRQLWRULQJPHWKRGVDUHIDUIURPEHLQJDEOHWRPHHW
WKH LQFUHDVLQJO\ VHYHUH PRQLWRULQJ QHHGV RI IRUHVW
GLVHDVHVDQGLQVHFWSHVWV>@
$V D PLQLDWXUH ORZDOWLWXGH UHPRWH VHQVLQJ
SODWIRUP 8QPDQQHG$HULDO 9HKLFOH 8$9  KDV WKH
DGYDQWDJHVRIORZRSHUDWLQJFRVWVLPSOHVWUXFWXUH
IOH[LEOHRSHUDWLRQDQGIUHHIOLJKWWLPH7KLVPDNHVXS

.(<:25'6
$HULDOLPDJHSHVWLGHQWLILFDWLRQWUDQVIHUOHDUQLQJ*RRJ
/H1HWQHWZRUNGHHSOHDUQLQJEDFNSURSDJDWLRQ



,1752'8&7,21

)RUHVWGLVHDVHVDQGLQVHFWSHVWVDUHH[WUHPHO\
GHVWUXFWLYH ELRORJLFDO QDWXUDO GLVDVWHUV LQ IRUHVWU\
SURGXFWLRQ7KLV KDV FDXVHG JUHDW KDUP WR IRUHVWU\
SURGXFWLRQ DQG HFRORJLFDO HQYLURQPHQW DQG VH
YHUHO\UHVWULFWVWKHVXVWDLQDEOHGHYHORSPHQWRIIRU
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IRUWKHVKRUWFRPLQJVRIH[LVWLQJDHURVSDFHDQGDYLD
WLRQUHPRWHVHQVLQJV\VWHPV$VPDOO8$9HTXLSSHG
ZLWK D YLVLEOH OLJKW FDPHUD FDQ HDVLO\ DQG TXLFNO\
PRQLWRUWKHWDUJHWDUHDRQDODUJHVFDOHZKLFKLVRI
JUHDW VLJQLILFDQFH WR WKH GHYHORSPHQW RI VPDOO DQG
PHGLXPVFDOH UHPRWH VHQVLQJ DSSOLFDWLRQV DQG IRU
HVWU\SHVWPRQLWRULQJWHFKQRORJ\>@8VHFRP
SXWHUGLJLWDOLPDJHSURFHVVLQJWHFKQRORJ\WRDQDO\]H
WKHLPDJHFKDUDFWHULVWLFVRIIRUHVWDUHDVDQGLQWHOOL
JHQWO\ GHWHFW WKH SHVW DUHDV LQ WKH LPDJH 7KLV QRW
RQO\HQDEOHVIRUHVWU\ZRUNHUVWRGLVFRYHUDQGPDQ
DJH SHVW GDQJHUV LQ WLPH UHGXFH WKH PDMRU ORVVHV
FDXVHG E\ UHODWHG GLVDVWHUV EXW DOVR UHGXFH KXPDQ
DQG PDWHULDO FRVWV ZKLFK LPSURYHV WKH HFRQRPLF
EHQHILWVRIIRUHVWU\SURGXFWLRQ>@5HVHDUFKHUVFDQ
DOVRXVHWKHSHVWGHWHFWLRQUHVXOWVWRPRUHLQWXLWLYHO\
DQGFRPSUHKHQVLYHO\JUDVSWKHGLVDVWHUVLWXDWLRQRI
IRUHVWWRHQVXUHWKHKHDOWK\GHYHORSPHQWRIHFRORJL
FDOHQYLURQPHQW>@


0$7(5,$/6$1'0(7+2'6

:LWKWKHLPSURYHPHQWDQGUDSLGGHYHORSPHQW
RI 8$9 UHPRWH VHQVLQJ WHFKQRORJ\ WKH FROOHFWHG
DHULDO LPDJHV RI IRUHVW YHJHWDWLRQ KDYH WKH DG
YDQWDJHVRIODUJHDUHDULFKFRQWHQWDQGXQGLVWXUEHG
LQIRUPDWLRQ DFTXLVLWLRQ ZKLFK KDV DWWUDFWHG PRUH
DQG PRUH DWWHQWLRQ >@ ,Q UHFHQW \HDUV VRPH GR
PHVWLF DQG IRUHLJQ VFKRODUV DQG SURIHVVLRQDO UH
VHDUFKLQVWLWXWLRQVKDYHFRQGXFWHGDORWRIUHVHDUFK
RQ IRUHVWU\ SHVW PRQLWRULQJ EDVHG RQ 8$9 UHPRWH
VHQVLQJ WHFKQRORJ\ DQG LPDJH DQDO\VLV DQG KDYH
DFKLHYHGFHUWDLQUHVXOWV$VDQHDV\WRRSHUDWHORZ
DOWLWXGHIO\LQJWRRO8$9VKDYHDFKLHYHGUHPDUNDEOH
UHVXOWVLQJHRORJLFDOSURVSHFWLQJHQYLURQPHQWDOVXU
YH\VDQGGDPDJHGHWHFWLRQ%HVLGHVWKHLUGHYHORS
PHQWSURVSHFWVDUHLPPHDVXUDEOH
6RPHUHPRWHVHQVLQJUHODWHGWHFKQRORJLHVDQG
DOJRULWKPVKDYHEHHQDSSOLHGWRWKHGHWHFWLRQRIIRU
HVW GLVHDVHV DQG LQVHFW SHVWV 5HIHUHQFH >@ XVHG
WKUHH VWDWLVWLFDO PHWKRGV JHQHUDOL]HG OLQHDU PRGHO
PD[LPXPHQWURS\DQGUDQGRPIRUHVWWRSURFHVVIRU
HVWUHPRWHVHQVLQJGDWD,WFRPSDUHGWKHDFFXUDF\RI
GLIIHUHQW FODVVLILFDWLRQ PRGHOV XVHG WR GLVWLQJXLVK
KHDOWK\IRUHVWDUHDVIURPDUHDVLQIHVWHGE\VWXSLGLQ
VHFWV 5HIHUHQFH >@ SURFHVVHG VDWHOOLWH LPDJHV RI
(XURSHDQVSUXFHIRUHVWVLQIHVWHGE\VPDOOVWXSLGLQ
VHFWV5DQGRPIRUHVWDQGORJLVWLFUHJUHVVLRQFODVVLIL
HUVZHUHXVHGWRFODVVLI\LQGLYLGXDOWUHHVLQWKHLPDJH
DQGWKHDSSOLFDELOLW\RIVDWHOOLWHLPDJHVLQGHWHFWLQJ
WUHHVZLWKGLIIHUHQWOHYHOVRIGDPDJHZDVDQDO\]HG
5HIHUHQFH>@DQGRWKHUVH[SORUHGWKHXVHRI8$9
SKRWRJUDPPHWU\DQGK\SHUVSHFWUDOLPDJLQJWHFKQRO
RJ\WRPDSIRUHVWU\SHVWOHYHOV7KHWUHHVZHUHFODV
VLILHGE\H[WUDFWLQJVSHFWUDOIHDWXUHVDQGWKHDFFX
UDF\ RI WKLV PRGHO ZDV VWXGLHG ZKHQ WKH WUHHV DUH
FODVVLILHGLQWRWKUHHFDWHJRULHVKHDOWK\LQIHFWHGDQG
GHDG RU DUH FODVVLILHG LQWR WZR FDWHJRULHV KHDOWK\
DQGGHDG5HIHUHQFH>@XVHGDGURQHPRXQWHGRQD

VPDOOGLJLWDOFDPHUDWRFROOHFWDHULDOLPDJHVRIRDN
IRUHVWV LQIHVWHG E\ 4XHUFXV ELOREDWD DQG REWDLQHG
KLJKUHVROXWLRQFRORULQIUDUHGLPDJHVDQGQHDULQIUD
UHGVSHFWUXPLPDJHVRIRDNWUHHFURZQV7KHQWKH
LPDJH VHJPHQWDWLRQ PHWKRG EDVHG RQ QRUPDOL]HG
YHJHWDWLRQLQGH[ZDVXVHGWRGLYLGHWKHLPDJHLQWR
ILYHFDWHJRULHVLQIHFWHGRDNKHDOWK\RDNGHDGRDN
RWKHUSODQWVDQGFDQRS\JDS&OLPDWHFKDQJHKDGDQ
LPSRUWDQWHIIHFWRQWKHKHDOWKDQGJURZWKRIIRUHVWV
DQG LQGLUHFWO\ DIIHFWHG WKH GLVWULEXWLRQ DQG DEXQ
GDQFHRIIRUHVWSDWKRJHQVDQGWKHVHYHULW\RIWUHHGLV
HDVHV5HIHUHQFH>@H[WUDFWHGWKHDYHUDJHFDQRS\
WHPSHUDWXUHRIHDFKFDQRS\FHQWHUDQGLWVQHLJKERU
LQJ SL[HOV LQ WKH LQIUDUHG WKHUPDO VSHFWUXP LPDJH
FROOHFWHG E\ GURQHV 7KH\ FRPSDUHG WKHVH YDOXHV
ZLWK WKH OHYHO RI WUHH LQIHFWLRQ PHDVXUHG RQ WKH
JURXQGDQGWKHVWXG\VKRZHGWKDWWUHHWHPSHUDWXUH
ZDVSRVLWLYHO\FRUUHODWHGZLWKGLVHDVHVHYHULW\5HI
HUHQFH>@XVHGGURQHPXOWLVSHFWUDOLPDJLQJWHFK
QRORJ\ WR GHWHFW V\PSWRPDWLF JUDSH YLQHV LQIHFWHG
ZLWKJUDSHJROGHQGLVHDVHDQGHYDOXDWHLWVIHDVLELOLW\
7KURXJK XQLYDULDWH DQG PXOWLYDULDWH FODVVLILFDWLRQ
PHWKRGVYDULDEOHVVXFKDVVSHFWUDOEDQGYHJHWD
WLRQ LQGH[ DQG ELRSK\VLFDO SDUDPHWHUV ZHUH H[
WUDFWHGIURP8$9LPDJHV%HVLGHVWKHVSHFWUDOFKDU
DFWHULVWLFV RI KHDOWK\ DQG V\PSWRPDWLF ODVWV ZHUH
VWXGLHG5HIHUHQFH>@FROOHFWHGUHPRWHVHQVLQJLP
DJHVEHIRUHDQGDIWHUWKHRXWEUHDNRISHVWVDQGHVWL
PDWHGWKHVHYHULW\RISHVWVE\FDOFXODWLQJWKHGLIIHU
HQFHLQYHJHWDWLRQLQGH[EHWZHHQWKHP,WVUHVHDUFK
IRXQGWKDWGURQHVFDQEHXVHGWRREWDLQJURXQGWUXWK
GDWD ZKLFK KDV JUHDW SRWHQWLDO LQ WKH ILHOG RI ORZ
FRVWDQGKLJKHIILFLHQF\PRQLWRULQJRIIRUHVWSHVWV
5HIHUHQFH>@FROOHFWHGGURQHPXOWLVSHFWUDOLPDJHV
RISLQHIRUHVWVDIIHFWHGE\SHVWVLQ<XQQDQH[WUDFWHG
UHODWLYH VSHFWUDO UHIOHFWDQFH RI PXOWLSOH EDQGV DV
VSHFWUDOYDOXHFKDUDFWHULVWLFVDQGHVWDEOLVKHGPXOWL
SOH YHJHWDWLRQ LQGH[ PRGHOV$ GLVWDQFHRSWLPL]HG
EDFNSURSDJDWLRQ QHXUDO QHWZRUN FODVVLILFDWLRQ
PHWKRGZDVSURSRVHGWRFODVVLI\DQGUHFRJQL]HSHVW
DUHDV5HIHUHQFH>@FRPELQHGGURQHDHULDOSKRWRJ
UDSK\WHFKQRORJ\DQGXVHGGHHSOHDUQLQJPHWKRGVWR
GHWHFWSHVWVLQGLVDVWHUVWULFNHQ&KLQHVHSLQHIRUHVW
DUHDV 7KLV FDQ UHDOL]H WKH UHDOWLPH GHWHFWLRQ DQG
FRXQWLQJ RI GDPDJHG 3LQXV WDEXODHIRUPLV DQG LP
SURYHWKHHDUO\ZDUQLQJDELOLW\RIIRUHVWSHVWV7KH
DERYHPHWKRGVZHUHPRVWO\WRH[SORUHWKHUHODWLRQ
VKLS EHWZHHQ WKH VSHFWUDO FKDUDFWHULVWLFV RI UHPRWH
VHQVLQJ LPDJHV DQG WKH DIIHFWHG IRUHVW ODQG 7KH\
XVHGFODVVLILFDWLRQPRGHOVWRDQDO\]HGDWDWRDFKLHYH
WKHSXUSRVHRILGHQWLI\LQJSHVWDUHDV7KHUHZHUHUHO
DWLYHO\IHZVWXGLHVRQWKHXVHRIGURQHDHULDOLPDJHV
WRFRPELQHWUDQVIHUOHDUQLQJZLWK*RR/H1HWDQGDS
SO\LWWRDHULDOLPDJHSHVWLGHQWLILFDWLRQLQLQGXVWULDO
SHVWIRUHVWDUHDV
&RQVLGHULQJWKHDFFXUDF\DQGORZHIILFLHQF\RI
FRQYHQWLRQDOIRUHVWSHVWLGHQWLILFDWLRQPHWKRGVWKLV
SDSHU SURSRVHV D IRUHVW SHVW LGHQWLILFDWLRQ PHWKRG
XVLQJLPSURYHG*RRJ/H1HWQHWZRUNEDVHGRQDHULDO
LPDJHU\%DVHGRQ*RRJ/H1HWWKLVPHWKRGGHVLJQV
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DQ LPSURYHG *RRJ/H1HW GHHS FRQYROXWLRQDO QHW
ZRUNPRGHOFRQVLGHULQJWKHFKDUDFWHULVWLFVRIDHULDO
LPDJHVDQGDGGVDQHZQHWZRUNPRGHOFRPSRVHGRI
IRUZDUGSURSDJDWLRQDQGEDFNSURSDJDWLRQWRUHSODFH
WKH RULJLQDO YHFWRU PDFKLQH FODVVLILFDWLRQ PRGXOH
7KHH[SHULPHQWDOUHVXOWVVKRZWKDWRSWLPL]HG*RRJ
/H1HWQHWZRUNPRGHOKDVVLJQLILFDQWO\LPSURYHGWKH
DYHUDJHUHFRJQLWLRQDFFXUDF\RIIRUHVWSHVWLPDJHV
7KLVSDSHUKDVWKHIROORZLQJFRQWULEXWLRQV
 (VWDEOLVKDGDWDVHWIRUSHVWLGHQWLILFDWLRQLQ
GURQHDHULDOLPDJHV,QWKLVSDSHUDSHVWLPDJHFRO
OHFWLRQSODWIRUPEDVHGRQDQHLJKWURWRU8$9LVEXLOW
DQG IRUHVW SHVW LPDJHV DUH FROOHFWHG7KHQRQ
RYHUODSSLQJFURSSLQJREWDLQVSL[HOVî
SL[HOVLPDJHVZKLFKSURYLGHVUHOLDEOHGDWDVXSSRUW
IRUWKHUHVHDUFKRISHVWLGHQWLILFDWLRQDOJRULWKPV
 $LPLQJDWWKHORZDFFXUDF\DQGHIILFLHQF\RI
FRQYHQWLRQDO IRUHVW SHVW LGHQWLILFDWLRQ PHWKRGV D
IRUHVWSHVWLGHQWLILFDWLRQXVLQJLPSURYHG*RRJ/H1HW
QHWZRUN EDVHG RQ WUDQVIHU OHDUQLQJ LV SURSRVHG
0RUHRYHUWKHJHQHUDOL]DWLRQDELOLW\RIWKLVPRGHOLV
LPSURYHGE\WUDQVIHUOHDUQLQJ


'$7$6285&($1'352&(66,1*

,PDJH GDWD FROOHFWLRQ 8$9 PRQLWRULQJ LV
KLJKO\ IOH[LEOH DQG FDQ REWDLQ KLJKSUHFLVLRQ SHVW
LPDJH GDWD &ROOHFWLQJ GDWD DQG PDQXDOO\ ODEHOLQJ
GDWDFDQOD\DIRXQGDWLRQIRUWKHVWXG\RISHVWDUHD
VHJPHQWDWLRQ DOJRULWKPV ZKLFK LV FRQGXFLYH WR
DFKLHYLQJKLJKSUHFLVLRQVHJPHQWDWLRQRISHVWDUHDV
,Q WKLV SDSHU D VHOIGHYHORSHG HLJKWURWRU 8$9 LV
XVHGDVDSODWIRUPIRUFROOHFWLQJIRUHVWU\SHVWLPDJH
GDWD7KHFRQILJXUDWLRQRIGURQHLVDVIROORZV7KH
PRXQWHG FDPHUD LV D 3DQDVRQLF *+ YLVLEOH OLJKW
FDPHUD 7KH FDPHUD V VKRRWLQJ UHVROXWLRQ LV 
SL[HOV î  SL[HOV WKH KRUL]RQWDO UHVROXWLRQ LV
GSLWKHYHUWLFDOUHVROXWLRQLVGSLDQGWKHELW
GHSWKLV7KHFDPHUDFDQVDYHEHWWHULPDJLQJHI
IHFWV GXULQJ UHODWLYH PRYHPHQW DQG LV VXLWDEOH IRU
8$9SODWIRUPV7KHHLJKWURWRU8$9LVWKHFRUHSDUW
RISHVWLPDJHFROOHFWLRQV\VWHP7KH8$9LVPDLQO\
FRPSRVHGRIILYHSDUWVSRZHUVXSSO\PRGXOHFRQ
WUROPRGXOHFRPPXQLFDWLRQXQLWGULYHPRGXOHDQG
GHWHFWLRQPRGXOH)LJVKRZVWKHDHULDOLPDJHRI
HLJKWURWRU8$9
7KHLPDJHVRIIRUHVWSHVWVZHUHFROOHFWHGLQD
IRUHVW DUHD LQ =KRXNRX +HQDQ7KH DHULDO SKRWRJ
UDSK\WLPHZDVFORXG\DQGFORXG\LQVXPPHU7KLV
DUHD LV ORFDWHG LQ +HQDQ3URYLQFH DQGKDVD FRQWL
QHQWDOPRQVRRQFOLPDWHDVHPLDULGDQGVHPLKXPLG
DUHD7KH3LQXVWDEXODHIRUPLVIRUHVWVDUHZLGHO\GLV
WULEXWHGLQWKLVDUHDEXWGXHWRWKHFOLPDWHDQGVLQJOH
WUHHVSHFLHVSLQHFDWHUSLOODUVDUHSURQHWRSHVWV7KH
UHVHDUFK REMHFW RI WKLV SDSHU LV WKH 3LQXV WDEX
ODHIRUPLVIRUHVWHURGHGE\&KLQHVHSLQHFDWHUSLOODU
DQG WKH PDLQ UHVHDUFK LV WKHLQVHFW SHVWVRI GURQHV
HTXLSSHG ZLWK YLVLEOH OLJKW FDPHUDV 'XULQJ DHULDO

SKRWRJUDSK\  W\SLFDO DUHDV VXIIHULQJ IURP SHVWV
ZHUHVHOHFWHG7KHVL]HRIHDFKSORWLVPîPDQG
WKH GLIIHUHQFHEHWZHHQ IRUHVW VWDQGGHQVLW\ DQG LQ
VHFWSRSXODWLRQGHQVLW\LVFRQVLGHUHGIRUHDFKSORW
7KLVPDNHVWKHGDWDREWDLQHGE\DHULDOSKRWRJUDSK\
PRUHUHSUHVHQWDWLYHDQGKHOSVWRLPSURYHWKHJHQHU
DOL]DWLRQDELOLW\RIWKLVPRGHO
'XULQJDHULDOSKRWRJUDSK\WKHIO\LQJKHLJKWRI
GURQHLVP)LYHIO\LQJKHLJKWVRIPP
P P DQG P DUH VHOHFWHG IRU HDFK VDPSOH
VTXDUHWRFROOHFWLPDJHVUHVSHFWLYHO\WRHQKDQFHWKH
UREXVWQHVVRIPRGHOWRGLIIHUHQWIO\LQJKHLJKWGDWD
7KHDHULDOSKRWRJUDSKVRIIRUHVWVDWGLIIHUHQWKHLJKWV
DUHVKRZQLQ)LJ

'DWDHQKDQFHPHQWDQGSURFHVVLQJ$WRWDORI
 LPDJH VDPSOHV RI IRUHVW DUHDV ZHUH VHOHFWHG
IRU WKH H[SHULPHQW RI ZKLFK  KHDOWK\ LPDJHV
ZHUH PDUNHG DV  7KH UHPDLQLQJ  LPDJHV DUH
SHVW LPDJHV PDUNHG DV  ,Q RUGHU WR LPSURYH WKH
DFFXUDF\ RI PRGHO UHFRJQLWLRQ WKH FRQYROXWLRQDO
QHXUDO QHWZRUN PRGHO UHTXLUHV D ODUJH DPRXQW RI
VDPSOHGDWDGXULQJWKHWUDLQLQJSURFHVV'XHWRWKH
VPDOOQXPEHURISHVWVDPSOHVFROOHFWHGWKHUHLVQR
ODUJHVFDOHSXEOLFGDWDVHWRISHVWLPDJHV7KHH[SHU
LPHQWXVHVGDWDHQKDQFHPHQWPHWKRGVWRH[SDQGWKH
H[LVWLQJLPDJHVDPSOHV7KHGDWDLVHQKDQFHGE\DG
MXVWLQJWKHSDUDPHWHUVLQ,PDJH'DWD*HQHUDWRUFODVV
RI7HQVRU)ORZ SODWIRUP7KH SDUDPHWHUV DUH VHW DV
IROORZV URWDWLRQBUDQJH LV  ZLGWKBVKLIWBUDQJH
KHLJKWBVKLIWBUDQJHDQGVKHDUBUDQJHDUHDOODQG
ILOOBPRGH LV µQHDUHVW¶ )RU WKH ELQDU\ FODVVLILFDWLRQ
SUREOHPRIFRQVWUXFWLQJ*RRJ/H1HWPRGHOLQRUGHU
WRDYRLGWKHSUREOHPRIPRGHOWUDLQLQJPLVDOLJQPHQW
GXHWRODUJHGLIIHUHQFHLQWKHQXPEHURISRVLWLYHDQG
QHJDWLYH VDPSOH VHWV WKH VWXG\ XVHG UDQGRP FURS
SLQJURWDWLRQDQGRWKHUFKDQJHVWRUDQGRPO\HQODUJH
WKHLQIHFWHGLPDJHE\WLPHVSRVLWLYHVDPSOHV
7KHLPDJHVRIXQLQIHFWHGSHVWVZHUHUDQGRPO\HQ
ODUJHGE\WLPHVDQGQHJDWLYHVDPSOHVZHUH
REWDLQHGVRWKDWWKHSRVLWLYHDQGQHJDWLYHVDPSOHV
ZHUH EDVLFDOO\ EDODQFHG WR PHHW WKH WHVW UHTXLUH
PHQWV


),*85(
(LJKWURWRU8$9
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,Q RUGHU WR H[WUDFW PRUH SRWHQWLDO IHDWXUHV D
îFRQYROXWLRQRSHUDWLRQDQGFRUUHVSRQGLQJGRZQ
VDPSOLQJOD\HUDUHDGGHGWRWKH,QFHSWLRQPRGXOH,Q
WKHFDVHRIDVPDOOGDWDVHWWKHQXPEHURIOD\HUVLV
UHGXFHG WR  DQG RQH RI EUDQFK FODVVLILHUV LV UH
WDLQHG$GG%DWFK1RUPDOL]DWLRQUHJXODUL]DWLRQSUR
MHFWEHIRUHWKHIXOO\FRQQHFWHGOD\HUWRLPSURYHWKH
SUREOHP RI JUDGLHQW GLVDSSHDUDQFH 7KH ZRUNLQJ
SURFHVVRI%DWFK1RUPDOL]DWLRQLVDVIROORZV
 ,QSXW9DOXHLQPLQLEDWFK[ ^[[«
[P`
 0LQLEDWFKPHWKRGWRILQGWKHPHDQ
 m
P
¦ xi                          
mi
 0LQEDWFKPHWKRGWRILQGWKHYDULDQFH
 m

V
¦ xi  P                    
mi
 5HJXODUL]DWLRQ
xi  P
xÖi
  
V  T
ZKHUH T  LVWKHRIIVHWVHWDVDIL[HGYDOXH
 2XWSXWUHVXOW
 yi J xÖi  E                         



D PKHLJKWDHULDOLPDJH  E PKHLJKWDHULDO
LPDJH




F PKHLJKWDHULDOLPDJH  G PKHLJKWDHULDO
LPDJH
),*85(
$HULDOLPDJHVDWGLIIHUHQWDOWLWXGHV

,Q RUGHU WR IDFLOLWDWH VXEVHTXHQW H[SHULPHQWV
DQGLPSURYHWKHDFFXUDF\RIIHDWXUHH[WUDFWLRQLP
DJHVHJPHQWDWLRQPDWFKLQJDQGUHFRJQLWLRQWKHH[
SHULPHQWZURWHGDWDSUHSURFHVVLQJSURJUDPFRGHLQ
7HQVRU)ORZ SODWIRUP 8VH ,PDJH 'DWD *HQHUDWRU
FODVV LQ WKH LPDJH SURFHVVLQJ DX[LOLDU\ PRGXOH WR
FUHDWH D JHQHUDWRU ,W DXWRPDWLFDOO\ FRQYHUWV LPDJH
ILOHVLQWRSURFHVVHGWHQVRUEDWFKHVDQGJHQHUDWHVD
î5*%LPDJHSURSRUWLRQDOWRWKHORQJVLGH
7KHQ XVH ILWBJHQHUDWRU PHWKRG WR ILW WKH GDWD DQG
SDVVLQQDOLGDWLRQBGDWDJHQHUDWRUSDUDPHWHUVWRYHU
LI\WKHGDWDEDWFK

7UDQVIHUOHDUQLQJ,QUHIHUHQFH>@3DQHWDO
DFFXUDWHO\ GHILQHG WUDQVIHU OHDUQLQJ DV IROORZV
S
S
S
S
*LYHQ WKH VRXUFH GRPDLQ DS ^ X Y  X n Yn ` 
s

:KHUH J  DQG E  DUH WKH SDUDPHWHUV WR EH
OHDUQHG
7KLV SDSHU DGGV D QHZ QHWZRUN PRGHO WR UH
SODFH WKH RULJLQDO FODVVLILFDWLRQ PRGXOH 7KLV QHZ
PRGHO FRQVLVWV RI WZR SDUWV IRUZDUG SURSDJDWLRQ
DQG EDFN SURSDJDWLRQ )RUZDUG SURSDJDWLRQ LV
PDLQO\ WR WUDQVIHU WKH H[WUDFWHG IHDWXUHV RI SRROB
DQGEHORZFRQYROXWLRQDOOD\HUDQGSRROLQJOD\HUSD
UDPHWHUVWRWKHLQSXWOD\HUE\WKHVWUDWHJ\RIWUDQVIHU
OHDUQLQJDQGWKHQFDOFXODWHWKHORVVYDOXHEHWZHHQ
FODVVLILHGYDOXHDQGWKHODEHO  GLIIHUHQFH7KHEDFN
SURSDJDWLRQLVPDLQO\WRXSGDWHWKHSDUDPHWHUVRIWKH
IXOO\ FRQQHFWHG OD\HU DQG PLQLPL]H WKH ORVV YDOXH
$PRQJ WKHP WKLV PRGHO XVHV FURVVHQWURS\ FRVW
IXQFWLRQ>@DVWKHORVVIXQFWLRQORVVDQGLWVIRU
PXODLV

C  ¦ ª¬ y OQ    y OQ   a º¼      
n x
ZKHUH C  LV WKH FRVW IXQFWLRQ DQG x  LV WKH
VDPSOH y  LV WKH DFWXDO YDOXH a  LV WKH RXWSXW
YDOXH n  LVWKHWRWDOQXPEHURIVDPSOHV,QLPDJH
FODVVLILFDWLRQ6RIWPD[IXQFWLRQUHSUHVHQWVWKHSURE
DELOLW\ RI UHFRJQL]LQJ D SLFWXUH DV D VSHFLILF FODVV
DQGLWVIRUPXODLVDVIROORZV
H[S xi
VRIW PD[ x i
H[S x             

s

DQGWKHVRXUFHGRPDLQOHDUQLQJWDVN Ts DQGWKHWDU
JHWGRPDLQ Dt ^ X t  X nt `  DQGWDUJHWGRPDLQOHDUQ
LQJWDVN Tt 7KHXOWLPDWHJRDORIWUDQVIHUOHDUQLQJLV
WRJUDGXDOO\LPSURYHWKHSHUIRUPDQFHRISUHGLFWLRQ
IXQFWLRQ f x  LQ WKH WDUJHW GRPDLQ Ds  DQG WDU
t

JHW GRPDLQ WDVN Ts  E\ OHDUQLQJ WKH NQRZOHGJH LQ
VRXUFH GRPDLQ Dt  DQG VRXUFH GRPDLQ WDVN Ts 
7UDQVIHUOHDUQLQJFDQEHGLYLGHGLQWRIRXUFDWHJRULHV
QDPHO\ GLVWDQFHEDVHG WUDQVIHU OHDUQLQJ IHDWXUH
EDVHG WUDQVIHU OHDUQLQJ SDUDPHWHUEDVHG WUDQVIHU
OHDUQLQJ DQG FRUUHODWLRQEDVHG WUDQVIHU OHDUQLQJ
7KLVSDSHUXVHVSDUDPHWHUEDVHGWUDQVIHUOHDUQLQJ

,PSURYHPHQW RI *RRJ/H1HW PRGHO 7KH
RYHUDOOVWUXFWXUHRI*RRJ/H1HWLVGHVLJQHGIRUODUJH
VFDOHGDWDVHWVOLNH,PDJH1HW7KLVIUDPHZRUNKDVDQ
H[FHOOHQWFODVVLILFDWLRQHIIHFWRQODUJHVFDOHRUGLQDU\
LPDJHGDWDVHWV,QWKHPRUHW\SLFDOIRUHVWDHULDOLP
DJHGDWDVHWWKHQXPEHURISLFWXUHVLVJHQHUDOO\EH
WZHHQDIHZKXQGUHGWRDQGWKHQXPEHURI
VDPSOHVLVIDUOHVVWKDQWKDWRIRUGLQDU\LPDJHV

¦

j

j

7KHRYHUDOOPRGHOLVVKRZQLQ)LJ)LUVWWKH
GDWD LV IHG WR WKH IHDWXUH H[WUDFWLRQ PRGXOH 7KLV
PRGXOHXVHVSDUDPHWHUVWUDLQHGZLWKDODUJHDPRXQW
RIGDWD7KHQWKHH[WUDFWHGIHDWXUHPRGXOHLVVHQWWR
WKHFODVVLILFDWLRQOD\HU UHFRQVWUXFWLRQQHWZRUNPRG
XOH DQGRQO\WKHSDUDPHWHUVRIWKHIXOO\FRQQHFWHG
OD\HUQHHGWREHXSGDWHGIRUFODVVLILFDWLRQ



E\363 

9ROXPH±1RSDJHV



                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ




),*85(
2YHUDOOIORZFKDUW
7KH 6LJPRLG IXQFWLRQ LV DOVR FDOOHG ORJLVWLF
IXQFWLRQ7KHHIIHFWLVEHWWHUZKHQWKHIHDWXUHGLIIHU
HQFHLVPRUHFRPSOLFDWHGRUWKHGLIIHUHQFHLVQRWSDU
WLFXODUO\ODUJH$ZHLJKWFDQEHPDSSHGWRWKHLQWHU
YDORI  WRVWUHQJWKHQWKHQRQOLQHDUH[SUHVVLRQ
DELOLW\RIWKLVPRGHO6LJPRLGLVXVHGDVWKHDFWLYD
WLRQIXQFWLRQ,QWKHEDFNSURSDJDWLRQDOJRULWKPWKH
DFWLYDWLRQ IXQFWLRQ LV GHULYHG 7KH GHULYDWLYH
ª¬ f c x º¼  RI6LJPRLGLVH[SUHVVHGDV




$FFXUDF\







fc x






/HDUQLQJUDWH



f x ª¬  f x º¼                
)URPWKHGHULYDWLYHIRUPXODRI6LJPRLGIXQF
WLRQLWFDQEHIRXQGWKDWWKHJUDGLHQWGLVDSSHDUVHDV
LO\LQWKHQHWZRUNWUDLQLQJSURFHVVVRWKDWWKHGHHS
QHWZRUNWUDLQLQJFDQQRWEHFRPSOHWHG%DVHGRQWKLV
UHVHDUFKPLQLEDWFKJUDGLHQWGHVFHQW 0%*' DOJR
ULWKPRSWLPL]DWLRQPRGHOLVVHOHFWHG7KHDOJRULWKP
LQFUHDVHVWKHDPRXQWRIWUDLQLQJGDWDXVHGLQRQHXS
GDWHZKLFK PDNHV WKHREMHFWLYH IXQFWLRQ FRQYHUJH
PRUHVPRRWKO\7KURXJKPDWUL[RSHUDWLRQVRSWLPL]
LQJQHXUDOQHWZRUNSDUDPHWHUVRQRQHEDWFKDWDWLPH
ZLOOQRWEHPXFKVORZHUWKDQVLQJOHGDWD7KLVFDQ
JUHDWO\UHGXFHWKHQXPEHURILWHUDWLRQVUHTXLUHGIRU
FRQYHUJHQFHDQGDWWKHVDPHWLPHFDQPDNHWKHFRQ
YHUJHQFH UHVXOW FORVHU WR WKH HIIHFW RI JUDGLHQW GH
VFHQW&RPSDUHGZLWKWKH5H/XIXQFWLRQVHOHFWLQJ
6LJPRLGDVWKHDFWLYDWLRQIXQFWLRQFDQLQFUHDVHWKH
UREXVWQHVVDQGJHQHUDOL]DWLRQDELOLW\RIWKLVPRGHOWR
D FHUWDLQ H[WHQW $W WKH VDPH WLPH XVLQJ 0%*'
PHWKRGWRRSWLPL]HWKLVPRGHOWKHDFFXUDF\RISHVW
LPDJHUHFRJQLWLRQKDVEHHQLPSURYHGWRDFRQVLGHU
DEOHOHYHO7KHSRROLQJOD\HURIWKLVQHWZRUNDGRSWV
D PL[WXUH RI WKH PD[LPXP SRROLQJ PHWKRG




),*85( 
7KHLQIOXHQFHRIOHDUQLQJUDWHDQGQXPEHURI 
LWHUDWLRQVRQWUDLQLQJUHVXOWV

0RGHO RSWLPL]DWLRQ 7KH FODVVLF *RRJ/H1HW
PRGHO XVHV 5H/X OLQHDU UHFWLILFDWLRQ IXQFWLRQ  DV
WKHQRQOLQHDUPDSSLQJOD\HURIWKLVPRGHO$OWKRXJK
5H/XKDVVKRZQFRQVLGHUDEOHSHUIRUPDQFHLQPRVW
RI WKH WUDLQLQJ LW FDQ FRQYHUJH IDVWHU+RZHYHU LQ
DFWXDO WUDLQLQJ LW LV IRXQG WKDW DV WKH WUDLQLQJ GDWD
FRQWLQXHVWRLQFUHDVHWKHYDOXHVRIPRUHDQGPRUH
FRQYROXWLRQ NHUQHOV QR ORQJHU FKDQJH 7KDW LV WKH
ZHLJKWV DUH QR ORQJHU XSGDWHG ZKLFK OHDGV WR WKH
SUREOHPRIGHFUHDVHGUHFRJQLWLRQDFFXUDF\,QRUGHU
WRLPSURYHWKHDFFXUDF\RILPDJHUHFRJQLWLRQRIFRUQ
ERUHUSHVWVDQGHQKDQFHWKHUREXVWQHVVRIWKLVPRGHO
WKH H[SHULPHQW UHVHOHFWHG 6LJPRLG IXQFWLRQ
ª¬ f x º¼  DVWKHDFWLYDWLRQIXQFWLRQRIWKLVPRGHO

  
  e x
ZKHUH [ LV WKH GDWD SDVVHG LQ DIWHU WKH XSSHU
OD\HUZHLJKWLQJRSHUDWLRQ
f x

ª¬ g PD[ x º¼   DQG DYHUDJH SRROLQJ PHWKRG
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ULWKPLVXVHGWRRSWLPL]H*RRJ/H1HWPRGHO%\DQ
DO\]LQJWKHFKDQJHWUHQGRIWKHORVVIXQFWLRQYDOXHLQ
LWHUDWLYHSURFHVVDQGWKHDFFXUDF\RISLQHFDWHUSLOODU
SHVWLGHQWLILFDWLRQWKHHIIHFWRI0%*'RSWLPL]DWLRQ
PHWKRGRQWKLVPRGHOSHUIRUPDQFHFDQEHREWDLQHG
,W FDQ EH VHHQ IURP )LJ  WKDW DV WKH QXPEHU RI
PRGHO LWHUDWLRQV FRQWLQXHV WR LQFUHDVH WKH WUDLQLQJ
ORVV IXQFWLRQ YDOXH VKRZV D GRZQZDUG WUHQG7KLV
VKRZV WKDW 0%*' RSWLPL]HG PRGHO KDV JUDGXDOO\
UHGXFHG LWV SUHGLFWLRQ ORVV ELDV GXULQJ WKH WUDLQLQJ
SURFHVV$WWKHVDPHWLPHWKHSUHGLFWLRQDFFXUDF\RI
WKLVPRGHORQWHVWVHWVKRZVDQRYHUDOOXSZDUGWUHQG
7KHJUDGXDOLQFUHDVHLQPRGHOUHFRJQLWLRQDFFXUDF\
DQGWKHJUDGXDOGHFUHDVHLQWKHORVVIXQFWLRQYDOXH
UHIOHFW WKDW WKH SHUIRUPDQFH RI WKLV PRGHO LV RSWL
PL]HGLQWKHSURFHVVRILWHUDWLYHSDUDPHWHUXSGDWLQJ
7KLV PRGHO RSWLPL]HG E\ 0%*' FRQYHUJHV YHU\
TXLFNO\ UHDFKLQJ D JRRG FRQYHUJHQFH VWDWH DIWHU
H[SHULPHQWV
'DWDHQKDQFHPHQWSURYLGHVVWURQJGDWDVXSSRUW
IRUPRGHOWUDLQLQJ%\PHDVXULQJWKHFKDQJHYDOXH
RIWKHUHFRJQLWLRQDFFXUDF\RILWHUDWLRQVEHIRUH
DQGDIWHUGDWDHQKDQFHPHQWWKHFXUYHRIUHFRJQLWLRQ
DFFXUDF\EHIRUHDQGDIWHUGDWDHQKDQFHPHQWZLWKWKH
QXPEHURIWUDLQLQJLWHUDWLRQVLVGUDZQDVVKRZQLQ
)LJ
,WFDQEHVHHQIURP)LJWKDWLQWKHILUVW
WUDLQLQJVHVVLRQVWKHUHFRJQLWLRQUDWHVRIWKHVHWZR
QHXUDO QHWZRUN PRGHOV EHIRUH DQG DIWHU GDWD HQ
KDQFHPHQWDUHQRWPXFKGLIIHUHQW:KHQWKHQXPEHU
RILWHUDWLRQVRIWKLVPRGHOH[FHHGVWKHUHFRJQL
WLRQDFFXUDF\RIQHXUDOQHWZRUNPRGHOWUDLQHGDIWHU
GDWDHQKDQFHPHQWLVKLJKHUWKDQWKDWRIQHXUDOQHW
ZRUN PRGHO WUDLQHG XVLQJ RQO\ WKH RULJLQDO LPDJH
GDWD7KHWHVWUHVXOWVVKRZWKDWGDWDHQKDQFHPHQWKDV
DJUHDWHULPSDFWRQWKHDFFXUDF\RIWKLVPRGHODQGLV
RIJUHDWVLJQLILFDQFHWRWKHLPSURYHPHQWRIUHFRJQL
WLRQDFFXUDF\
6LQFH WKHUH LV D ELJ GLIIHUHQFH EHWZHHQ GURQH
DHULDO LPDJHV DQG QDWXUDO LPDJHV DIWHU XVLQJ
,PDJH1HWGDWDVHWIRUWUDQVIHUOHDUQLQJDQRWKHUGURQH
DHULDOSKRWRJUDSK\GDWDVHWLVXVHGDVWKHVRXUFHGR
PDLQ WR SHUIRUP WUDQVIHU OHDUQLQJ DJDLQ 7KH$,'
8&0DQG56UHPRWHVHQVLQJGDWDVHWVDUHVHOHFWHG
DVWKHWDUJHWGDWDVHWVWKHOHDUQLQJUDWHLVVHWWR
DQGWKHQXPEHURILWHUDWLRQVLVVHWWR7KHH[
SHULPHQWDOUHVXOWVDUHVKRZQLQ)LJ
8&0UHPRWHVHQVLQJGDWDVHWLVDSXEOLFUHPRWH
VHQVLQJ LPDJH GDWDVHW PDQXDOO\ H[WUDFWHG IURP
86*6 QDWLRQDO PDS LPDJH FROOHFWLRQ RI 8QLWHG
6WDWHV7KHGDWDVHWKDVDWRWDORISLFWXUHVLQ
FDWHJRULHVSLFWXUHVLQHDFKFDWHJRU\HDFKZLWK
D VL]H RI  SL[HOV h  SL[HOV 7KH SL[HOV RI
56GDWDVHWDUHSL[HOVhSL[HOVDQGLWFRQ
WDLQVW\SHVRIVFHQHLPDJHV7KHUHDUHDERXW
VKHHWVLQHDFKFDWHJRU\WRWDOLQJVKHHWV$,'LV
D SXEOLF DHULDO GDWDVHW GHYHORSHG E\ ;LD*XLVRQJ V
WHDPDW:XKDQ8QLYHUVLW\


ª¬ g DYH x º¼ 

gPD[ x
g DYH x

xiPD[                 

N



N

¦x

i

                 

i 

,QRUGHUWRIXUWKHUUHGXFHRYHUILWWLQJWKLVSD
SHUDGGVDGURSRXWOD\HUEHIRUHWKLVPRGHOGHQVHOLQN
FODVVLILHU7KHVSHFLILFVWHSVDUHVXPPDUL]HGDVIRO
ORZV $GMXVWSDUDPHWHUVFKDQJHWKHGDWDVL]HDQG
DQJOH  'HILQH D 'URSRXW OD\HU DQG DGG LW EHIRUH
WKHGHQVHOLQNFODVVLILHU 8VHWKHGDWDDXJPHQWD
WLRQ JHQHUDWRU WR WUDLQ WKLV QHWZRUN   6DYH WKLV
PRGHOGUDZWKHUHVXOWVDQGYHULI\WKHFXUYH


5(68/76

([SHULPHQWDOVHWWLQJ7KHKDUGZDUHHQYLURQ
PHQWLVD*38JUDSKLFVZRUNVWDWLRQZLWK19,',$
*H )RUFH *7;7L JUDSKLFV FDUG7KH VRIWZDUH
HQYLURQPHQWLV8EXQWXRSHUDWLQJV\VWHP7HQ
VRU)ORZ GHHS OHDUQLQJ IUDPHZRUN DQG S\WKRQ ODQ
JXDJH7KLVPRGHOWUDLQLQJDGRSWVDQHQGWRHQGDS
SURDFK 7KH ,PDJH 1HW FODVVLILFDWLRQ SUHWUDLQLQJ
PRGHOLVLQLWLDOL]HGZLWKWKHZHLJKWVRIWKHWUDLQLQJ
QHWZRUNDQGWKHHQWLUHQHWZRUNPRGHOLVRSWLPL]HG
XVLQJPLQLEDWFKJUDGLHQWGHVFHQWDOJRULWKPDQGWKH
ZHLJKWGHFD\VWR
$FFRUGLQJ WR 6WDQGDUGV IRU WKH 2FFXUUHQFH
DQG'LVDVWHUVRI)RUHVWU\3HVWV /<7 RI
6WDWH)RUHVWU\$GPLQLVWUDWLRQWKHGHJUHHRISHVWVLV
GLYLGHG LQWR WKUHH VWDQGDUG JUDGHV PLOG PRGHUDWH
DQGVHYHUH>@7KHUHIRUHWKLVVWXG\FODVVLILHGWKH
SHVWVLQWROHYHOVKHDOWK\ aSHVWVSODQW PLOG 
SHVWVSODQW PRGHUDWH SHVWVSODQW DQGVH
YHUH SHVWVSODQW DFFRUGLQJWRSRSXODWLRQGHQ
VLW\ 

([SHULPHQWDO UHVXOWV DQG DQDO\VLV ([SHUL
PHQWVRQWKHLPSURYHG*RRJ/H1HWQHWZRUNPRGHO
XVLQJ DFWXDO DHULDO IRUHVW GDWDVHWV 7KH QXPEHU RI
IL[HGLWHUDWLRQVLVDQGYDOXHVEHWZHHQ
DQG  DUH VHOHFWHG DV WKH OHDUQLQJ UDWH 7KH
H[SHULPHQWDOUHVXOWVDUHVKRZQLQ)LJ
2EVHUYLQJWKHH[SHULPHQWDOUHVXOWVLQ)LJLW
FDQEHVHHQWKDWZKHQWKHOHDUQLQJUDWHLVEHWZHHQ
DQGWKHWUDLQLQJHIIHFWLVEDVLFDOO\DWDKLJK
OHYHO:KHQWKHOHDUQLQJUDWHH[FHHGVWKHFODV
VLILFDWLRQHIIHFWVWLOOVKRZVDGRZQZDUGWUHQG:KHQ
WKHOHDUQLQJUDWHLVORZHUWKDQWKHWUDLQLQJHI
IHFWLVUHODWLYHO\ORZDQGXQVWDEOH7KXVZHVHWWKH
OHDUQLQJUDWHWRZKHQFKRRVLQJWKHQXPEHURILW
HUDWLRQV
7KH HVVHQFH RI FRQYROXWLRQDO QHXUDO QHWZRUN
PRGHORSWLPL]DWLRQLVWKHSURFHVVRILWHUDWLYHO\PLQ
LPL]LQJWKHORVVIXQFWLRQ,QWKLVSDSHU0%*'DOJR
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VHQVLQJLPDJHFODVVLILFDWLRQ



5HFRJQLWLRQDFFXUDF\




5HFRJQLWLRQDFFXUDF\
/RVVIXQFWLRQ











        
,WHUDWLRQQXPEHU

),*85( 
7KHLQIOXHQFHRIWUDLQLQJLWHUDWLRQQXPEHURQ
WKHUHFRJQLWLRQDFFXUDF\DQGORVVIXQFWLRQ


5HFRJQLWLRQDFFXUDF\





%HIRUHGDWDHQKDQFHPHQW
$IWHUGDWDHQKDQFHPHQW






         
,WHUDWLRQQXPEHU

),*85(
7KHLQIOXHQFHRIWUDLQLQJLWHUDWLRQQXPEHUEH
IRUHDQGDIWHUGDWDHQKDQFHPHQW 
RQWKHUHFRJQLWLRQDFFXUDF\














$,'

56

8&0

,PDJH1HW

,PDJH1HW$,'

,PDJH1HW8&0

,PDJH1HW8&0

),*85( 
&RPSDULVRQRIGLIIHUHQWWUDQVIHUPHWKRGV

2EVHUYLQJ WKH H[SHULPHQWDO UHVXOWV LW FDQ EH
VHHQ WKDW WKH DFFXUDF\ RI XVLQJ ,PDJH1HW WUDQVIHU
DORQHDQGXVLQJ,PDJH1HWWUDQVIHUILUVWDQGWKHQXV
LQJRWKHUUHPRWHVHQVLQJGDWDVHWVIRUWUDQVIHUOHDUQ
LQJLVQRWPXFKGLIIHUHQW8VLQJ,PDJH1HW$,'DQG
,PDJH1HW8&0 KDV D VPDOO LPSURYHPHQW RYHU
,PDJH1HW 7KH XVH RI ,PDJH1HW56 LV VOLJKWO\
ORZHUWKDQWKHXVHRI,PDJH1HWZKLFKPD\EHUH
ODWHGWRWKHGLIIHUHQFHLQWKHSURGXFWLRQRIWKHWZR
UHPRWH VHQVLQJ LPDJH GDWDVHWV 7KXV XVLQJ ODUJH
VFDOHQDWXUDOLPDJHVDVWKHVRXUFHGRPDLQRIWUDQVIHU
OHDUQLQJ LV VXIILFLHQW WR PHHW WKH QHHGV RI UHPRWH






),*85( 
3HVWLQIRUPDWLRQH[WUDFWLRQUHVXOWV

8VLQJWKHDOJRULWKPSURSRVHGLQWKLVSDSHUWR
FODVVLI\DQGH[WUDFWSHVWLQIRUPDWLRQLQDIRUHVWDUHD
LQ=KRXNRX+HQDQWKHUHVXOWVDUHVKRZQLQ)LJ
7KHJUHHQDUHDUHSUHVHQWVWKHKHDOWKRIWKHWDUJHWGH
WHFWLRQIRUHVWDUHDWKHRUDQJHUHSUHVHQWVPLOGGDP
DJHWKHJUD\DUHDUHSUHVHQWVPRGHUDWHGDPDJHDQG
WKHUHGDUHDUHSUHVHQWVVHYHUHGDPDJH7KHDOJRULWKP
LQWKLVSDSHULVYHU\XVHIXOWRLPSURYHWKHDFFXUDF\
RILPDJHFODVVLILFDWLRQZKLFKLPSURYHVWKHDFFXUDF\
RI SLQH FDWHUSLOODU SHVW LQIRUPDWLRQ H[WUDFWLRQ7KH
UHDVRQ LV WKDW WKH LQWURGXFWLRQ RI WUDQVIHU OHDUQLQJ
IXOO\LQWHJUDWHV*RR/H1HWDOJRULWKPZKLFKJUHDWO\
LQFUHDVHVWKHDPRXQWRILQIRUPDWLRQLQLPDJHVDQG
LWJUHDWO\HQKDQFHVWKHUHVSRQVHDELOLW\WRSLQHFDWHU
SLOODUSHVWV


&21&/86,216

7KLV SDSHU SURSRVHV D SHVW LGHQWLILFDWLRQ
PHWKRG IRU IRUHVW DHULDO LPDJHV XVLQJ LPSURYHG
*RRJ/H1HW QHWZRUN EDVHG RQ WUDQVIHU OHDUQLQJ$
SHVWLPDJHFROOHFWLRQSODWIRUPEDVHGRQHLJKWURWRU
8$9LVEXLOGDQGDGDWDVHWIRUSHVWLGHQWLILFDWLRQLQ
8$9DHULDOLPDJHVLVHVWDEOLVKHG7KHQRQWKHEDVLV
RI*RRJ/H1HWDQLPSURYHG*RRJ/H1HWGHHSFRQ
YROXWLRQDOQHWZRUN PRGHO LV GHVLJQHG DFFRUGLQJ WR
WKHFKDUDFWHULVWLFVRIDHULDOLPDJHV([SHULPHQWVYHU
LI\ WKDW WKH RSWLPL]HG *RRJ/H1HW QHWZRUN PRGHO
KDVDQDYHUDJHUHFRJQLWLRQDFFXUDF\RIIRU
IRUHVWSHVWLPDJHV 
7KHDOJRULWKPJUHDWO\LPSURYHVWKHUHFRJQLWLRQ
UDWHRIIRUHVWSHVWV+RZHYHULWGRHVQRWFRQVLGHUWKH
IROORZLQJ VFHQDULRV VXFK DV DGGLQJ GLIIHUHQW SHVW
HURVLRQFDWHJRULHVEDUHODQGURDGVDQGRWKHUFDWH
JRULHV7KHVWXG\RIWKHVHLVVXHVFDQPRUHDFFXUDWHO\
DVVHVVWKHSURSRUWLRQRISHVWDUHDVEXWWKHGLIILFXOW\
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RI WUDLQLQJ SHVW VHJPHQWDWLRQ PRGHO ZLOO DOVR LQ
FUHDVH7KHUHIRUHDUHDVRQDEOHRSWLPL]DWLRQPRGHO
LVQHHGHGWRPRUHDFFXUDWHO\DVVHVVWKHSURSRUWLRQRI
SHVWVLQIRUHVWDUHDV


$&.12:/('*(0(176

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWXUDO 6FL
HQFH)RXQGDWLRQRI&KLQD 1R8 6RIW6FL
HQFH5HVHDUFK3URMHFWRI+HQDQ,QWHOOHFWXDO3URSHUW\
%XUHDX 1R 


5()(5(1&(6

>@ +HUYH-.RULFKHYD-&DVWDJQH\URO%  
5HVSRQVHV RI IRUHVW LQVHFW SHVWV WR FOLPDWH
FKDQJHQRWVRVLPSOH&XUUHQW2SLQLRQLQ,QVHFW
(QFH  
>@ /L-&KDQJ*4X7  +D]DUGDVVHVV
PHQW RI IRUHVW SHVWV LQ &KLQD &KLQHVH )RUHVW
3HVWV  
>@ <DQJ=:DQJ;=KDQJ<  5HFHQWDG
YDQFHVLQELRORJLFDOFRQWURORILPSRUWDQWQDWLYH
DQG LQYDVLYH IRUHVW SHVWV LQ &KLQD %LRORJLFDO
&RQWURO
>@ =KRX<)&KHQ1  7KH/$3XQGHUID
FLOLW\ GLVUXSWLRQV GXULQJ HDUO\ SRVWHDUWKTXDNH
UHVFXHXVLQJ362*$K\EULGDOJRULWKP)UHVHQ
(QYLURQ%XOO $ 
>@ =KRX<)<X+;/L=6X-)/LX&6
  5REXVW 2SWLPL]DWLRQ RI D 'LVWULEXWLRQ
1HWZRUN/RFDWLRQ5RXWLQJ3UREOHP8QGHU&DU
ERQ 7UDGLQJ 3ROLFLHV  ,((( $FFHVV   

>@ *XR4)HL63RWWHU.0/LHEKROG$0
:HQ -   7UHH GLYHUVLW\ UHJXODWHV IRUHVW
SHVW LQYDVLRQ 3URFHHGLQJV RI WKH 1DWLRQDO
$FDGHP\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI
$PHULFD  
>@ *XLPDSL5$6ULQLYDVDQ57RQQDQJ+(
6RWHOR&DUGRQD30RKDPHG6$  ([
SORULQJ WKH 0HFKDQLVPV RI WKH 6SDWLRWHPSRUDO
,QYDVLRQRI7XWD$EVROXWDLQ$VLD  

>@ &RUOH\ - & 0DUtD9LFWRULD /DQWVFKQHU$Q
GUpV 6 0 'HERUDK ) -RVp 0 9  
0DQDJHPHQWRI6LUH[QRFWLOLRSRSXODWLRQVLQH[
RWLF SLQH SODQWDWLRQV FULWLFDO LVVXHV H[SODLQLQJ
LQYDVLRQ VXFFHVV DQG GDPDJH OHYHOV LQ 6RXWK
$PHULFD-RXUQDORI3HVW(QFH  
>@ $QWPHQ=)  ([SORLWDWLRQRISHDQXWDQG
KD]HOQXWVKHOOVDVDJULFXOWXUDOLQGXVWULDOZDVWHV
IRU VROLG ELRIXHO SURGXFWLRQ )UHVHQ (QYLURQ
%XOO  
>@%DWPDQ=3(QGHU(  ,QYHVWLJDWLRQRI
DFFHVVLELOLW\LQUHFUHDWLRQDODQGOHLVXUHDUHDVLQ
%XUVD7XUNH\ )UHVHQ (QYLURQ %XOO   


>@*UD\VRQ.-RKQVRQ'0  1RYHOLQ
VLJKWVRQ SRSXODWLRQ DQGUDQJH HGJHG\QDPLFV
XVLQJDQXQSDUDOOHOHGVSDWLRWHPSRUDOUHFRUGRI
VSHFLHV LQYDVLRQ -RXUQDO RI $QLPDO (FRORJ\
  
>@5DR * 1 5DR 3 - 'XYYXUX 5  $
'URQH5HPRWH6HQVLQJIRU9LUWXDO5HDOLW\6LP
XODWLRQ6\VWHPIRU)RUHVW)LUHV6HPDQWLF1HX
UDO1HWZRUN$SSURDFK,23&RQIHUHQFH6HULHV
0DWHULDOV 6FLHQFH DQG (QJLQHHULQJ   

>@7XUDQ&*XUOHN0(UJXGHQ'<DJOLRJOX
'8\DQ$5H\KDQL\H$12]EDOFLODU%
2]WUN%(UGR÷DQ=,YDQRYD36ROGR$
  3RSXODWLRQ JHQHWLF DQDO\VLV RI$WODQWLF
ERQLWR 6DUGD 6DUGD %ORFK   XVLQJ VH
TXHQFH DQDO\VLV RI PW'1$ 'ORRS UHJLRQ
)UHVHQ(QYLURQ%XOO  
>@&D\OL$  $Q$UWLILFLDO 1HXUDO 1HWZRUN
0RGHO)RU3UHGLFWLQJ7KH*UHHQKRXVH+HDW5H
TXLUHPHQWLQ$GDQD&OLPDWH&RQGLWLRQV)UHVHQ
(QYLURQ%XOO  
>@7RSND\D6'HVELH]&(UWXQF)  3UHV
HQFHRIFXFXUELWYLUXVHVLQ$QNDUDDQG$QWDO\D
SURYLQFHDQGPROHFXODUFKDUDFWHUL]DWLRQRIFRDW
SURWHLQ JHQH RI ]XFFKLQL \HOORZ PRVDLF YLUXV
WXUNLVK LVRODWHV )UHVHQ (QYLURQ %XOO   

>@&KDQJ : - 0HQJ ) + :DQJ & 3DQ -
  $SSOLFDWLRQ RI 8$9 5HPRWH 6HQVLQJ
7HFKQRORJ\ LQ WKH /RQJGLVWDQFH 3LSHOLQH
9DOXH(QJLQHHULQJ  
>@2UWL] 6 %UHLGHQEDFK - ."1GOHU *  
(DUO\ 'HWHFWLRQ RI %DUN %HHWOH *UHHQ $WWDFN
8VLQJ7HUUD6$5;DQG5DSLG(\H'DWD5HPRWH
6HQVLQJ  
>@,PPLW]HU0$W]EHUJHU&  (DUO\'HWHF
WLRQ RI %DUN %HHWOH ,QIHVWDWLRQ LQ 1RUZD\
6SUXFH 3LFHD DELHV /  XVLQJ :RUOG9LHZ
'DWD 3KRWRJUDPPHWULH )HUQHUNXQGXQJ *HRLQ
IRUPDWLRQ  
>@5RRSH1(LMD+3L,YL/60LQQ%3DXOD
/ 7HHPX + 1LNR 9 7XXOD . 7RSL 7
0DUNXV +   8VLQJ 8$9%DVHG 3KRWR
JUDPPHWU\DQG+\SHUVSHFWUDO,PDJLQJIRU0DS
SLQJ %DUN %HHWOH 'DPDJH DW 7UHH/HYHO 5H
PRWH6HQVLQJ  
>@/HKPDQQ-51LHEHUGLQJ)3ULQ]7.QRWK
&   $QDO\VLV RI 8QPDQQHG $HULDO 6\V
WHP%DVHG &,5 ,PDJHV LQ )RUHVWU\²$ 1HZ
3HUVSHFWLYHWR0RQLWRU3HVW,QIHVWDWLRQ/HYHOV
)RUHVWV  
>@6PLJDM0*DXOWRQ5%DUU6/6XiUH]-
&  8DY%RUQH7KHUPDO,PDJLQJ)RU)RU
HVW+HDOWK0RQLWRULQJ'HWHFWLRQ2I'LVHDVH,Q
GXFHG&DQRS\7HPSHUDWXUH,QFUHDVH,6356,Q
WHUQDWLRQDO $UFKLYHV RI WKH 3KRWRJUDPPHWU\
5HPRWH 6HQVLQJ DQG 6SDWLDO ,QIRUPDWLRQ 6FL
HQFHV  
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>@-RKDQQD $ 6\OYLH ' )DELR * $QQH -
0LFKHO*+HUYp3-HDQ%DSWLVWH)*pUDUG
'  'HWHFWLRQRIIODYHVFHQFHGRUpHJUDSH
YLQH GLVHDVH XVLQJ XQPDQQHG DHULDO YHKLFOH
8$9 PXOWLVSHFWUDOLPDJHU\5HPRWH6HQVLQJ
  
>@2WVX.3OD09D\UHGD-%URWRQV/  
&DOLEUDWLQJWKH6HYHULW\RI)RUHVW'HIROLDWLRQE\
3LQH3URFHVVLRQDU\0RWKZLWK/DQGVDWDQG8$9
,PDJHU\6HQVRUV  
>@=KDQJ-*+DQ+4+X&+/XR<4
  <XQQDQ SLQH LQVHFW DUHD LGHQWLILFDWLRQ
PHWKRG EDVHG RQ 8$9 PXOWLVSHFWUDO LPDJH
7UDQVDFWLRQVRIWKH&KLQHVH6RFLHW\RI$JULFXO
WXUDO0DFKLQHU\  
>@<X6<DQ=<DQJ06/LX:3/XR<
4=RQJ6;  5HDOWLPHPRQLWRULQJRI
IRUHVW SHVWV E\ GURQH EDVHG RQ GHHS OHDUQLQJ
7UDQVDFWLRQVRIWKH&KLQHVH6RFLHW\RI$JULFXO
WXUDO (QJLQHHULQJ 7UDQVDFWLRQV RI WKH &6$( 
  
>@3DQ6-<DQJ4  $6XUYH\RQ7UDQVIHU
/HDUQLQJ,(((7UDQVDFWLRQVRQ.QRZOHGJH 
'DWD(QJLQHHULQJ  ˊ
>@<X6<DQ=<DQJ06/LX:3/XR<
4=RQJ6;  8$9UHDOWLPHPRQLWRU
LQJIRUIRUHVWSHVWEDVHGRQGHHSOHDUQLQJ7UDQV
DFWLRQV RI WKH &KLQHVH 6RFLHW\ RI$JULFXOWXUDO
(QJLQHHULQJ  
>@/L5:DQJ5=KDQJ-;LH&-/LX/
:DQJ)<&KHQ+%&KHQ7-+X+<
 $Q (IIHFWLYH 'DWD$XJPHQWDWLRQ VWUDW
HJ\ IRU &11EDVHG 3HVW /RFDOL]DWLRQ DQG
5HFRJQLWLRQLQWKH)LHOG,((($FFHVV  

>@:HL:  $QDO\VLVRIWKUHHUHODWLRQVLQUX
UDOWRXULVPGHYHORSPHQWRI&KLQD*XL]KRXXQ
GHU WKH VWUDWHJLF EDFNJURXQG RI UXUDO YLWDOL]D
WLRQ)UHVHQ(QYLURQ%XOO  
>@/X=)<DQJ;  'LVFXVVLRQRQWKHSUH
YHQWLRQDQGFRQWURORISODQWGLVHDVHVDQGLQVHFW
SHVWVEDVHGRQIRUHVWSURWHFWLRQ$JULFXOWXUHDQG
7HFKQRORJ\  




















5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

<RQJMLH7DQ 
6FKRRORI&RPSXWHU6FLHQFHDQG7HFKQRORJ\ 
=KRXNRX1RUPDO8QLYHUVLW\ 
=KRXNRX+HQDQ±&KLQD

HPDLO  ]NQXW\M#FRP
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6867$,1$%,/,7<5(3257,1*
,1(8523($181,21&203$1,(6

'HMDQ-RYDQRYLF /MLOMDQD%RQLF.ULVWLQD0LMLF



)DFXOW\RI(FRQRPLFV8QLYHUVLW\RI.UDJXMHYDF/LFHM.QH]HYLQH6UELMH.UDJXMHYDF6HUELD

)DFXOW\RI(FRQRPLFV8QLYHUVLW\RI1LV7UJNUDOMD$OHNVDQGUD1LV6HUELD

)DFXOW\RI(FRQRPLFV8QLYHUVLW\RI1RYL6DG6HJHGLQVNLSXW6XERWLFD6HUELD



$%675$&7

3URPRWLQJ DQG LQFRUSRUDWLQJ WKH FRQFHSW RI
VXVWDLQDEOH GHYHORSPHQW DQG VRFLDO UHVSRQVLELOLW\
LQWRFRUSRUDWHRSHUDWLRQVDQGVWDNHKROGHUV¶JURZLQJ
GHPDQGVIRUQRQILQDQFLDOLQIRUPDWLRQKDYHFRQGL
WLRQHG WKH HPHUJHQFH RI VXVWDLQDELOLW\ UHSRUWLQJ
6SHFLILFDOO\ VWDNHKROGHUV DUH ORXGHU DQG ORXGHU LQ
WKH UHTXLUHPHQW WKDW H[WHUQDO UHSRUWV FRQWDLQ LQ
DGGLWLRQ WR ILQDQFLDO LQGLFDWRUV FULWHULD UHODWHG WR
WKHHQYLURQPHQWDQGVRFLHW\LQRUGHUWREHDEOHWR
DVVHVV WKH HIILFLHQF\ RI FRPSDQ\ PDQDJHPHQW DQG
WKHFRPSDQ\¶VFDUHIRUWKHHQYLURQPHQWDQGVRFLHW\
LQ ZKLFK LW RSHUDWHV ,Q OLQH ZLWK WKH DERYH WKH
PDLQ UHVHDUFK REMHFWLYH LQ WKLV SDSHU LV WR LGHQWLI\
SRVVLEOH GLIIHUHQFHV LQ WKH QXPEHU RI SXEOLVKHG
UHSRUWVEHWZHHQROGDQGQHZ(8PHPEHUVFRPSD
QLHV RI GLIIHUHQW VL]HV DQG FRPSDQLHV IURP GLIIHU
HQWVHFWRUV(PSLULFDOUHVHDUFKXVHVOLPLWHGYHUVLRQ
RIRQOLQH*OREDO5HSRUWLQJ,QLWLDWLYHGDWDEDVH'DWD
DQDO\VLV LV GRQH XVLQJ SULPDULO\ GHVFULSWLYH VWDWLV
WLFV DQG QRQSDUDPHWULF WHVWV 7KH UHVHDUFK UHVXOWV
SRLQW WR D VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ WKH
QXPEHURISXEOLVKHGVXVWDLQDELOLW\UHSRUWVEHWZHHQ
ROGDQGQHZ(8PHPEHUVDVZHOODVWKDWWKHJUHDW
LQIOXHQFH RQ UHSRUW SXEOLFDWLRQ FRPHV IURP VHFWRU
DIILOLDWLRQDQGWKHFRPSDQ\VL]H7KHPDLQUHVHDUFK
FRQFOXVLRQ LV WKDW OHJDO SROLWLFDO DQG HFRQRPLF
VLWXDWLRQ LQ WKH FRXQWU\ DIIHFWV WKH QXPEHU RI SXE
OLVKHGVXVWDLQDELOLW\UHSRUWV



HYHQWV ILQDQFLDO UHSRUWV DQG IDFWRUV DIIHFWLQJ WKH
FRPSDQ\YDOXHDQGSURVSHULW\LQWKHORQJUXQ7KH
JOREDO ILQDQFLDO FULVLV WKDW WKH JOREDO HFRQRP\
IDFHGLQKDVHPSKDVL]HGWKLVQHHGDQGOHGWRD
JURZLQJLQWHUHVWWRUHJXODWHILQDQFLDODQGFRUSRUDWH
DFWLYLWLHV HVSHFLDOO\ LQ WHUPV RI JRYHUQDQFH UH
VSRQVLELOLW\DQGWUDQVSDUHQF\>@
3URPRWLQJ WUDQVSDUHQF\ DQG GLVFORVLQJ QRQ
ILQDQFLDOLQIRUPDWLRQLVRQHRIWKHNH\LVVXHVLQWKH
(XURSHDQ 8QLRQ (8  6SHFLILFDOO\ WKH H[WHQGHG
UHSRUWLQJ PRGHO IURP WKH SRLQW RI YLHZ RI VWDNH
KROGHU YDOXH JHQHUDWLRQ LPSOLHV VXVWDLQDELOLW\ UH
SRUWLQJ>@7KLVUHODWLYHO\QHZUHSRUWLQJPRGHOKDV
HYROYHG IURP VHSDUDWH UHSRUWLQJ SKDVHV RQ VRFLDO
EXVLQHVV DVSHFWV DQG VXEVHTXHQW VHSDUDWH HQYLURQ
PHQWDO UHSRUWLQJ WR GHYHORS WRGD\ LQWR D FRPSUH
KHQVLYH FRQFHSW WKDW VKRXOG FRQQHFW DQG EDODQFH
WKH HFRQRPLF VRFLDO DQG HQYLURQPHQWDO EXVLQHVV
SHUVSHFWLYHLHWKHFRQFHSWRIVXVWDLQDELOLW\UHSRUW
LQJ >@ 6XVWDLQDELOLW\ UHSRUWV DUH XVXDOO\ LQWHQGHG
WRLQIRUPDZLGHUDQJHRIVWDNHKROGHUVIURPFRP
PXQLW\DFWLYLVWJURXSVWRVKDUHKROGHUVDQGLQYHVWRUV
ZKR DUH PRVW LQWHUHVWHG LQ WKH FRPSDQ\¶V VRFLDO
SHUIRUPDQFH DV D SUHGLFWRU RI LWV ILQDQFLDO SHUIRU
PDQFH>@
,QFUHDVLQJGHPDQGVIRUWKHSXEOLFDWLRQRIQRQ
ILQDQFLDO LQIRUPDWLRQ KDYH UHVXOWHG LQ D VLJQLILFDQW
LQFUHDVH LQ WKH QXPEHU RI FRPSDQLHV SXEOLVKLQJ
VXVWDLQDEOH GHYHORSPHQW UHSRUWV LQ UHFHQW \HDUV
>@ ,QIRUPDWLRQ RQ WKH FRPSDQ\¶V FRUSRUDWH
VRFLDO UHVSRQVLELOLW\ PD\ EH LQFOXGHG LQ DQQXDO
UHSRUWV>@RUPD\EHSXEOLVKHGDVD
VWDQGDORQH UHSRUW RQ VRFLDO UHVSRQVLELOLW\ VXVWDLQ
DEOH GHYHORSPHQW RU DV DQ HQYLURQPHQWDO UHSRUW
>  @ 6LQFH WKH VXVWDLQDELOLW\ FRQFHSW LV
RIWHQ SHUFHLYHG DV D UHIOHFWLRQ RI FRPSDQLHV¶ FRQ
WULEXWLRQ WR VXVWDLQDEOH GHYHORSPHQW > @ UH
SRUWV FRQWDLQLQJ WKLV W\SH RI LQIRUPDWLRQ DUH SXE
OLVKHG XQGHU D ZLGH UDQJH RI QDPHV >@ VR WKHUH
DUH VXVWDLQDELOLW\ UHSRUWV VXVWDLQDEOH GHYHORSPHQW
UHSRUWV WULSOH ERWWRP OLQH UHSRUWV ± 7%/ 5HSRUW
DQG FRUSRUDWH VRFLDO UHVSRQVLELOLW\ UHSRUWV ,Q WKLV
SDSHU DXWKRUV VWDUWLQJ IURP VLPLODU YLHZV LQ
OLWHUDWXUH >@ FRQVLGHU WKH JLYHQ QDPHV WR EH
HTXLYDOHQWDQGXVHWKHPDOWHUQDWHO\
(XURSHHVSHFLDOO\LWVZHVWHUQSDUWLVWKHPRVW
DFWLYH UHJLRQ LQ WHUPV RI VXVWDLQDELOLW\ UHSRUWLQJ
$FFRUGLQJ WR *5, VWDWLVWLFV  RI VXVWDLQDELOLW\

.(<:25'6
6XVWDLQDELOLW\ UHSRUWLQJ (XURSHDQ 8QLRQ VHFWRU VL]H
FRPSDQ\



,1752'8&7,21

,Q FRQGLWLRQV ZKHQ FRUSRUDWH JRYHUQDQFH DQG
FRUSRUDWHUHVSRQVLELOLW\WRZDUGVVWDNHKROGHUVFRPH
WR WKH IRUHIURQW WKH QHHG WR H[WHQG WKH WUDGLWLRQDO
ILQDQFLDO UHSRUWLQJ PRGHO E\ LQFOXGLQJ QRQ
ILQDQFLDO LQIRUPDWLRQ EHFRPHV PRUH WKDQ REYLRXV
7KH JRDO RI LQFOXGLQJ QRQILQDQFLDO LQIRUPDWLRQ LQ
WKH H[WHUQDO UHSRUWLQJ V\VWHP LV WR HQDEOH XVHUV WR
XQGHUVWDQG WKH OLQN EHWZHHQ FXUUHQW EXVLQHVV
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UHSRUWV SXEOLVKHG DURXQG WKH ZRUOG LQ  FDPH
IURP (XURSH 7KH QXPEHU RI VXVWDLQDELOLW\ UHSRUWV
LVLQFUHDVLQJQRZDGD\VEXWWKHUHDUHSUREOHPVZLWK
WKH TXDOLW\ RI LQIRUPDWLRQ WKH\ UHYHDO 'LIIHUHQFHV
DOVRH[LVWEHWZHHQUHSRUWLQJPRGHOVXVHGLQGLIIHU
HQW (8 FRXQWULHV FDXVHG LQWHU DOLD E\ GLIIHUHQWO\
DSSOLHG(8OHJLVODWLRQRQQRQILQDQFLDOLQIRUPDWLRQ
GLVFORVXUHLQGLIIHUHQWPHPEHUVWDWHV$OVRGHVSLWH
WKHLQFUHDVLQJQXPEHURISXEOLVKHGUHSRUWVVWLOOOHVV
WKDQ  RI WKH ODUJHVW (8 FRPSDQLHV UHJXODUO\
SXEOLVKVXVWDLQDELOLW\UHSRUWV>@
7KHPDLQUHVHDUFKREMHFWLYHLQWKLVSDSHULVWR
LGHQWLI\SRVVLEOHGLIIHUHQFHVLQWKHQXPEHURISXE
OLVKHG UHSRUWV EHWZHHQ ROG DQG QHZ (8 PHPEHUV
FRPSDQLHV RI GLIIHUHQW VL]HV DQG FRPSDQLHV IURP
GLIIHUHQWVHFWRUVLQ(8FRXQWULHV
+DYLQJ LQ PLQG WKH UHVHDUFK REMHFWLYH WKH
TXDOLWDWLYHDQGTXDQWLWDWLYHPHWKRGRORJ\LVDSSOLHG
LQ WKH SDSHU 4XDOLWDWLYH PHWKRGRORJ\ LV DSSOLHG
ZLWKUHIHUHQFHWRUHOHYDQWOLWHUDWXUHLQRUGHUWRFUH
DWH WKH WKHRUHWLFDO UHVHDUFK EDVLV DQG SURYLGH DQ
VZHUV WR UHVHDUFK TXHVWLRQV (PSLULFDO UHVHDUFK
UHOLHVRQOLPLWHGYHUVLRQRI*OREDO5HSRUWLQJ,QLWLD
WLYH *5,  VXVWDLQDELOLW\ UHSRUW GDWDEDVH DYDLODEOH
DW KWWSGDWDEDVHJOREDOUHSRUWLQJRUJVHDUFK  DQG
GDWD
DYDLODEOH
DW
KWWSVGDWDRHFGRUJHQWUHSUHQHXUHQWHUSULVHVE\
EXVLQHVVVL]HKWPLQGLFDWRUFKDUW 'DWD DQDO\VLV LV
GRQHXVLQJSULPDULO\GHVFULSWLYHVWDWLVWLFVDQGQRQ
SDUDPHWULFWHVWV
7KH SDSHU FRQVLVWV RI IRXU VHFWLRQV $IWHU WKH
LQWURGXFWLRQ WKH SDSHU JLYHV D WKHRUHWLFDO IUDPH
ZRUN DQG DQ RYHUYLHZ RI SUHYLRXV VWXGLHV VHWWLQJ
WKHEDVLVWRIRUPXODWHUHVHDUFKTXHVWLRQV7KHWKLUG
VHFWLRQ H[SODLQV WKH UHVHDUFK PHWKRGRORJ\ DQG WKH
UHVHDUFK UHVXOWV )LQDOO\ WKH IRXUWK VHFWLRQ JLYHV
FRQFOXVLRQKLJKOLJKWVUHVHDUFKFRQWULEXWLRQDVZHOO
DVOLPLWVDQGGLUHFWLRQVRIIXWXUHUHVHDUFK


0$7(5,$/6$1'0(7+2'6

&RQFHSWXDO%DVLV2I6XVWDLQDELOLW\5HSRUWV
1DWLRQDODQGLQWHUQDWLRQDOLQVWLWXWLRQVSROLF\PDN
HUV DQG LQWHUJRYHUQPHQWDO LQLWLDWLYHV DV ZHOO DV
SUDFWLWLRQHUV DQG DFDGHPLFV KDYH EHHQ SD\LQJ
LQFUHDVLQJ DWWHQWLRQ WR VRFLDO DQG HQYLURQPHQWDO
VXVWDLQDELOLW\ LQ UHFHQW GHFDGHV *UD\   XVHV
WKH WHUPV ³VXVWDLQDELOLW\´ DQG ³VXVWDLQDEOH GHYHO
RSPHQW´DVWZRDQDORJXHV,QGRLQJVROLWWOHGLIIHU
HQFH LV DFNQRZOHGJHG EHWZHHQ WKH WZR WHUPV LQ
ZKLFK ³VXVWDLQDELOLW\´ UHIHUV WR WKH VWDWH ZKLOH
³VXVWDLQDEOH GHYHORSPHQW´ UHIHUV WR WKH SURFHVV RI
DFKLHYLQJWKLVVWDWH>@ *UD\>@SRLQWVRXWWKDW
DOWKRXJK HYHU\RQH VHHPV WR DJUHH RQ WKH LP
SRUWDQFHRIVXVWDLQDEOHGHYHORSPHQWWKHUHDUHVWLOO
DQXPEHURIVXVWDLQDELOLW\LVVXHVWDFNOLQJLWVGHYHO
RSPHQWDQGPHDQLQJWRZKLFKWKHUHDUHQRXQLILHG
DQVZHUV 'XH WR WKH XELTXLW\ RI WKH QRWLRQ RI VXV
WDLQDELOLW\ YDULRXV GLVFRXUVHV KDYH HPHUJHG RYHU

WLPH OLQNLQJ WKLV FRQFHSW WR VRFLDO UHVSRQVLELOLW\
HQYLURQPHQWDOPDQDJHPHQWRUEXVLQHVVVXVWDLQDELO
LW\>@6SHFLILFDOO\DVWKHEXVLQHVVZRUOGVHHNVWR
UHVSRQG WR WKH JURZLQJ SUHVVXUH RI YDULRXV VWDNH
KROGHUVWRUHGXFHWKHFRUSRUDWHLPSDFWRQWKHHQYL
URQPHQW DQG VRFLHW\ DV D ZKROH WKH QHHG IRU QHZ
FRQFHSWV WHFKQLTXHV DQG WRROV WR KHOS PDQDJHUV
PHHW HQYLURQPHQWDO DQG VRFLDO VXVWDLQDELOLW\ EH
FRPHVDSSDUHQW>@
)RFXVLQJ RQ WKH HQYLURQPHQWDO DQG VRFLDO LQ
DGGLWLRQ WR HFRQRPLF EXVLQHVV GLPHQVLRQV DQG
WKXV RQ VXVWDLQDELOLW\ UHSRUWLQJ FDQ EH DWWULEXWHG
DPRQJ RWKHU WKLQJV WR WKH LPSDFW WKDW LQGXVWULDO
JURZWKKDVKDGRQWKHSODQHW7KLVPHDQVWKDWFRP
SDQLHV WRGD\ DUH IRUFHG WR EH UHVSRQVLEOH DQG DF
FRXQWDEOH IRU WKHLU DFWLRQV >@ 7KHUHIRUH FRUSR
UDWH VRFLDO UHVSRQVLELOLW\ LV DQ LPSRUWDQW SUHUHTXL
VLWH IRU JDLQLQJ DQG PDLQWDLQLQJ D FRPSHWLWLYH DG
YDQWDJH DQG IDYRUDEOH PDUNHW UHSXWDWLRQ DQG VXV
WDLQDELOLW\ UHSRUWLQJ LV D ORJLFDO DQG H[SHFWHG SUR
FHGXUHIRUVRFLDOO\UHVSRQVLEOHFRPSDQLHV)RUPRVW
RI WKH ZRUOG¶V OHDGLQJ FRPSDQLHV VXVWDLQDELOLW\
UHSRUWVDUHEHFRPLQJDFRQWLQXRXVWUHQGDQGSOD\D
NH\ UROH LQ VXVWDLQDEOH GHYHORSPHQW ,Q RWKHU
ZRUGVVXVWDLQDELOLW\UHSRUWLQJEHFRPHVDQHIIHFWLYH
SXEOLF UHODWLRQV WRRO WKDW FRPSDQLHV DGRSW WR LQ
FUHDVHFRUSRUDWHSURILWDELOLW\>@
6XVWDLQDELOLW\ UHSRUWLQJ LV VHHQ QRW RQO\ DV D
UHVSRQVLELOLW\ PHFKDQLVP EXW DOVR DV D WRRO IRU
PDQDJLQJDQGEXLOGLQJORQJWHUPUHODWLRQVKLSVZLWK
VKDUHKROGHUV DQG RWKHU VWDNHKROGHUV >@ 'RRUOH\
DQG *DUFLD >@ DJUHH WKDW FRPSDQLHV DGRSW DQG
UHSRUWRQVRFLDOUHVSRQVLELOLW\EHFDXVHDPRQJRWKHU
WKLQJVWKH\ZDQWWRSURWHFWDQGHQKDQFHWKHLUUHSX
WDWLRQDQGWUXVWKLJKOLJKWDQGSURPRWHWKHLUEUDQG
PDQDJHDQGPLWLJDWHULVNLPSURYHRSHUDWLRQDODQG
FRVW HIILFLHQF\ VHFXUH D OLFHQVH WR RSHUDWH DQG
GHYHORSQHZEXVLQHVVRSSRUWXQLWLHV>@7KHUHIRUH
DQ HVVHQWLDO DVSHFW RI VXVWDLQDELOLW\ UHSRUWLQJ LV
WUDQVSDUHQF\ LQ WHUPV RI EXVLQHVV DQG DFKLHYHG
HFRQRPLFHQYLURQPHQWDODQGVRFLDOSHUIRUPDQFH
$OWKRXJKWKHUHDUHDQXPEHURIUHDVRQVLQID
YRU RI VXVWDLQDELOLW\ UHSRUWLQJ FRPSDQLHV PRVWO\
SUHSDUH WKHVH UHSRUWV RQ D YROXQWDU\ EDVLV ([SHUL
HQFH RQ VXVWDLQDELOLW\ UHSRUWLQJ WR GDWH KDV VKRZQ
WKDW JRYHUQPHQWV DQG VWRFN H[FKDQJHV SOD\ DQ
LPSRUWDQW UROH LQ SURPRWLQJ LW *RYHUQPHQWV DUH
UHVSRQVLEOH IRU HQDFWLQJ UHOHYDQW ODZV JXLGHOLQHV
DQG VWDQGDUGV UHJDUGLQJ PDQGDWRU\ GLVFORVXUHV
DERXWHQYLURQPHQWDODQGVRFLDOSHUIRUPDQFH>@
$VVHVVLQJ WKDW WKH TXDOLW\ RI FRUSRUDWH QRQ
ILQDQFLDOUHSRUWLQJLVQRWDWDVDWLVIDFWRU\OHYHOGXH
WR DPRQJ RWKHU WKLQJV YROXQWDULVP LQ LPSOHPHQW
LQJ WKH FRQFHSW RI VRFLDO UHVSRQVLELOLW\ DQG UHSRUW
LQJRQVXVWDLQDEOHGHYHORSPHQWDQXPEHURIJXLGH
OLQHV UHJXODWLRQV LQVWUXFWLRQV DQG GLUHFWLYHV KDYH
EHHQ DGRSWHG DW WKH LQWHUQDWLRQDO UHJLRQDO DQG QD
WLRQDO OHYHOV ZKLFK GLUHFWO\ RU LQGLUHFWO\ UHJXODWH
WKHVH LVVXHV 2YHU WKH ODVW GHFDGH YDULRXV VWDQG
DUGVJXLGHOLQHVUHJXODWLRQVLQVWUXFWLRQVDQGGLUHF
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WLYHVKDYHEHHQSURPRWHGDQGGHYHORSHGWRUHJXODWH
VXVWDLQDELOLW\ UHSRUWLQJ LVVXHV DW WKH JOREDO OHYHO
0DULPRQ HW DO >@ SURYLGH EULHI FODVVLILFDWLRQ RI
FRUSRUDWH VRFLDO UHVSRQVLELOLW\ VWDQGDUGV LQFOXGLQJ
WKH SULQFLSOHV RI WKH 81 *OREDO &RPSDFW 2(&'
JXLGHOLQHVIRUPXOWLQDWLRQDOFRPSDQLHV*5,JXLGH
OLQHV ,62  $$ ,62  DQG
6$ +RZHYHU WKHUH LV VWLOO D QHHG IRU DQ
LQWHUQDWLRQDOO\ UHFRJQL]HG DQG JHQHUDOO\ DFFHSWHG
IUDPHZRUN IRU DFKLHYLQJ XQLIRUPLW\ LQ VXVWDLQDELO
LW\UHSRUWLQJ

5HYLHZ 2I 3UHYLRXV 5HVHDUFK $QG )RUPX
ODWLRQ2I5HVHDUFK4XHVWLRQV5HVHDUFKLQGLFDWHV
D JURZLQJ QXPEHU RI FRPSDQLHV WKDW UHJXODUO\
LQIRUP WKH SXEOLF DERXW FRUSRUDWH VRFLDO UHVSRQVL
ELOLW\>@,QWKHSDVWILIWHHQ\HDUVWKHQXPEHU
RIFRPSDQLHVSXEOLVKLQJWKHLUVXVWDLQDELOLW\UHSRUWV
KDV JURZQ WR  DQG D SHUFHQWDJH RI WKH 
ODUJHVW ZRUOG FRPSDQLHV DFFRUGLQJ WR WKH )RUWXQH
UDQNLQJ  WKDW SXEOLVK VXVWDLQDELOLW\ UHSRUWV URVH
IURPWR>@7KLVLQGLFDWHVWKDWVXFFHVVIXO
FRPSDQLHV DUH LQFUHDVLQJO\ UHFRJQL]LQJ WKH LP
SRUWDQFH WKDW VXVWDLQDELOLW\ UHSRUWV KDYH IRU EXVL
QHVV 1XPHURXV SDSHUV RQ VXVWDLQDELOLW\ UHSRUWLQJ
RI WKH SDVW WKUHH GHFDGHV IXUWKHU FRQILUP LWV SRSX
ODULW\>@
$OWKRXJK WKH&65 FRQFHSWKDV DJOREDO FKDU
DFWHU VLJQLILFDQW QXPEHU RI VWXGLHV LQGLFDWH WKDW LW
LV DSSOLHG DQG XQGHUVWRRG GLIIHUHQWO\ LQ GLIIHUHQW
VRFLDO HFRQRPLF FXOWXUDO OHJDO DQG SROLWLFDO FRQ
WH[WV >   @ )UHXQGOLHE DQG 7HXWHEHUJ
>@ DUJXH WKDW VWDNHKROGHUV LQ GLIIHUHQW FRXQWULHV
KDYH GLIIHUHQW UHTXLUHPHQWV DQG H[SHFWDWLRQV UH
JDUGLQJVXVWDLQDELOLW\UHSRUWLQJ6SHFLILFDOO\VWDNH
KROGHUV¶ GHPDQGV KDYH DQ LPSDFW RQ WKH FRQWHQW
DQG IRUP RI VXVWDLQDELOLW\ UHSRUWV 1XPHURXV VWXG
LHVVKRZWKDWVXVWDLQDELOLW\UHSRUWVGLIIHUHYHQZLWK
LQ WKH FRXQWU\ > @ )LIND >@ SRLQWV RXW WKDW
VXVWDLQDELOLW\ UHSRUWV GLIIHU EHWZHHQ FRXQWULHV DQG
UHJLRQV1XPHURXVVWXGLHVDOVRSRLQWWRGLIIHUHQFHV
IRUHDFKFRXQWU\ZLWKLQWKHVFRSHRIWKHVXVWDLQDELO
LW\ UHSRUW > @ DQG WR VWURQJ LQGLFDWLRQV WKDW
VXVWDLQDELOLW\ UHSRUWLQJ GLIIHUV LQ GLIIHUHQW FXOWXUHV
>@
*LYHQ WKDW VXVWDLQDELOLW\ UHSRUWLQJ LQ PRVW
FRXQWULHVKDVDYROXQWDU\FKDUDFWHUQXPHURXVVWXG
LHVKDYHIRXQGDVWURQJFRXQWU\LPSDFWRQWKHOHYHO
RIVXVWDLQDELOLW\UHSRUWLQJ>@6SHFLILFDOO\
WKH FRXQWU\ UHSUHVHQWV DQ LQVWLWXWLRQDO FRQWH[W LQ
ZKLFK D FRPSDQ\ PXVW OHJLWLPL]H LWV DFWLYLWLHV
$OWKRXJK VXVWDLQDELOLW\ UHSRUWLQJ LV ODUJHO\ YROXQ
WDU\ WKHUH DUH FRXQWULHV WKDW UHTXLUH FRPSDQLHV WR
SXEOLVK WKHVH UHSRUWV E\ ODZ 7KH SUHYLRXV H[SHUL
HQFH RI QRQILQDQFLDO UHSRUWLQJ KDV VKRZQ WKDW
JRYHUQPHQWV DQG VWRFN PDUNHWV SOD\ DQ LPSRUWDQW
UROH LQ LWV SURPRWLRQ 6RPH (XURSHDQ FRXQWULHV
VXFK DV 6ZHGHQ 1RUZD\ )LQODQG 'HQPDUN *HU
PDQ\)UDQFH*UHDW%ULWDLQDQG6ZLW]HUODQGKDYH
UHJXODWLRQV UHODWLQJ WR GLVFORVXUH RI VXVWDLQDELOLW\

LQIRUPDWLRQ >@ :KHQ LW FRPHV WR WKH FRXQWU\
LPSDFW RQ VXVWDLQDELOLW\ UHSRUWLQJ -DFNVRQ DQG
$SRVWRODNRX>@KDYHDQLQWHUHVWLQJDQDO\VLVRIWKH
LPSDFWRIOLEHUDOPDUNHWHFRQRPLHVDQGFRRUGLQDWHG
PDUNHW HFRQRPLHV RQ VXVWDLQDELOLW\ UHSRUWLQJ SUDF
WLFH6SHFLILFDOO\WKHDXWKRUVILQGVHYHUDOOHYHOVRI
&65 DGRSWLRQ DPRQJ FRPSDQLHV LQ OLEHUDO PDUNHW
HFRQRPLHV ZKHUH WKH VWDNHKROGHU SDUWLFLSDWLRQ LV
QRW VWURQJO\ LQVWLWXWLRQDOL]HG ZKLOH ILUPV LQ FRRU
GLQDWHGPDUNHWHFRQRPLHVFDQUHO\RQPDQ\LPSOLF
LWIRUPVRI&657KLVHIIHFWLVPXFKVWURQJHULQWKH
DGRSWLRQRIPLQLPXPVWDQGDUGVWKDQEHVWSUDFWLFHV
>@
%DVHGRQWKHDERYHZHIRUPXODWHWKHIROORZ
LQJUHVHDUFKTXHVWLRQV
1. Are there differences in the number of published sustainability reports by country?
2. Is there a difference between old and new
EU members in the number of published sustainability reports?
,Q DGGLWLRQ WKHUH DUH QXPHURXV VWXGLHV WKDW
H[DPLQHWKHUHODWLRQVKLSEHWZHHQWKHFRPSDQ\VL]H
DQG WKH H[WHQW RI VXVWDLQDELOLW\ LQIRUPDWLRQ GLVFOR
VXUH $FFRUGLQJ WR 7DJHVVRQ %ODQN %UREHUJ DQG
&ROOLQ >@ PRVW VWXGLHV LQGLFDWH D SRVLWLYH UHOD
WLRQVKLS EHWZHHQ WKH FRPSDQ\ VL]H DQG WKH H[WHQW
RI LQIRUPDWLRQ GLVFORVXUH LQ VXVWDLQDELOLW\ UHSRUW
> @ ,W LV DVVXPHG WKDW ODUJH FRPSDQLHV DUH
VXEMHFWWRKLJKHUSUHVVXUHLQWHUPVRIUHVSRQGLQJWR
VWDNHKROGHU UHTXHVWV DQG WKHUHIRUH WHQG WR UHSRUW
PRUH DERXW WKHLU FRUSRUDWH VRFLDO UHVSRQVLELOLW\
SUDFWLFHV LQ RUGHU WR OHJLWLPL]H WKHLU DFWLYLWLHV
+DQLIIDDQG&RRNH>@DQG%UDQFRDQG5RGULJXHV
>@ SRLQW RXW WKDW ODUJH FRPSDQLHV DUH VRFLDOO\
PRUHYLVLEOHDQGWKHUHIRUHH[SRVHGWRSXEOLFRYHU
VLJKW 7KHLU VWXGLHV VKRZ D OLQN EHWZHHQ WKH FRP
SDQ\VL]HDQGWKHFRQWHQWDQGH[WHQWRIVXVWDLQDELO
LW\UHSRUW
6XPPDUL]LQJWKHDERYHDQGSURFHHGLQJIURP
WKH UHVHDUFK REMHFWLYH ZH IRUPXODWH WKH IROORZLQJ
UHVHDUFKTXHVWLRQ
3. Does the company size have an impact on
sustainability reporting?
1XPHURXV VWXGLHV RYHU WKH SDVW WZR GHFDGHV
ILQGDOLQNEHWZHHQWKHFRPSDQ\VHFWRUDQGVXVWDLQ
DELOLW\UHSRUWLQJ>@2JUL]HN>@DQG
$]LPHWDO>@ILQGWKDWILQDQFLDOVHUYLFHVDUHWKH
OHDGLQJ VHFWRU ZKLOH )U\QDV >@ ILQGV WKH KLJK
VXVWDLQDELOLW\ UHSRUWLQJ UDQNLQJ LQ RLO DQG JDV VHF
WRU2XWWHV:DQGHUOH\HWDO>@UHDFKVLPLODUFRQ
FOXVLRQ DQG SRLQW RXW WKDW WKH HQHUJ\ VHFWRU EDQN
LQJDQGWHOHFRPPXQLFDWLRQVDUHSDUWLFXODUO\SURP
LQHQW ZKHQ LW FRPHV WR VXVWDLQDELOLW\ UHSRUWLQJ
5DWDQDMRQJNRO HW DO >@ LQGLFDWH D SRVLWLYH UHOD
WLRQVKLS EHWZHHQ LQGXVWU\ DQG VXVWDLQDELOLW\ UHSRUW
VFRSH DQG FRQWHQW 2WKHU DXWKRUV VXFK DV $PUDQ
DQG 'HYL >@ FRQILUP WKHVH UHVXOWV DQG SRLQW RXW
WKDWEXVLQHVVHVRSHUDWLQJLQHQYLURQPHQWDOO\VHQVL
WLYHVHFWRUVGLVFORVHPRUHLQWKHLUVXVWDLQDELOLW\
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6RXUFH$XWKRUVEDVHGRQGDWDEDVH>@DFHVVHGRQ


UHSRUWV WKDQ FRPSDQLHV RSHUDWLQJ LQ OHVV VHQVLWLYH
VHFWRUV 6QLGHU +LOO DQG 0DUWLQ >@ JHW WR VLPLODU
UHVXOWV DQG DUJXH WKDW FRPSDQLHV RSHUDWLQJ LQ DQ
LQGXVWU\ ZLWK KLJKHU VRFLDO DQG HQYLURQPHQWDO LP
SDFWV IDFH PRUH GHPDQGLQJ VWDNHKROGHUV UHTXLULQJ
JUHDWHUWUDQVSDUHQF\7KHVHFRPSDQLHVDUHUHTXLUHG
WR OHJLWLPL]H WKHLU DFWLYLWLHV PRUH WKDQ FRPSDQLHV
RSHUDWLQJLQORZULVNVHFWRUV,WLVDOVRLQWHUHVWLQJWR
SRLQW RXW WKH %RQVRQ DQG %HGQiURYi >@ UHVHDUFK
UHVXOWV 7KHLU UHVHDUFK UHVXOWV LQGLFDWH DQ LQWHQVLYH
XVHRIFRUSRUDWHJRYHUQDQFHLQGLFDWRUVDPRGHUDWH
GLVFORVXUH RI HQYLURQPHQWDO NH\ SHUIRUPDQFH LQGL
FDWRUV DQG D ORZ XVH RI VRFLDO LQGLFDWRUV LQ (XUR
]RQHFRPSDQLHV¶VXVWDLQDELOLW\UHSRUWV
%DVHGRQWKHWKHRU\DQGHPSLULFDOUHVHDUFKRQ
WKH UROH RI WKH VHFWRU LQ SXEOLVKLQJ VXVWDLQDELOLW\
UHSRUWV ZH WU\ WR DQVZHU WKH IROORZLQJ UHVHDUFK
TXHVWLRQ
4. Do different sectors have an impact on
sustainability reporting?
7KHVWXGLHVDERYHHPSKDVL]HWKDWH[LVWLQJVXV
WDLQDELOLW\UHSRUWLQJSUDFWLFHVDUHDSSOLHGGLIIHUHQW
O\LQGLIIHUHQWFRXQWULHVUHJLRQVVHFWRUVDQGFRP
SDQLHV RI GLIIHUHQW VL]HV 6SHFLILFDOO\ GLIIHUHQW
DSSURDFKHVWRVXVWDLQDELOLW\UHSRUWLQJFDQEHIRXQG
LQ WKH (8 DQG KHQFH WKLV SDSHU VHHNV WR SRLQW WR
VXVWDLQDELOLW\UHSRUWLQJSUDFWLFHLQ(8FRXQWULHV


5(68/76

%DVHG RQ WKH IDFW WKDW E\  (XURSH KDG
WKH KLJKHVW QXPEHU RI SXEOLVKHG VXVWDLQDELOLW\ UH
SRUWV >  @ WKH VXEMHFW RI DQDO\VLV LQ WKLV
SDSHUDUH(XURSHDQFRXQWULHVZLWKHPSKDVLVRQWKH
(8$OVRRQHRIWKHVWDUWLQJSRLQWVLQWKHSDSHULV
WKDWVLQFHEDVHGRQWKH(XURSHDQGLUHFWLYHRQ
PRGHUQL]DWLRQ (8 FRPSDQLHV DUH UHTXLUHG WR DQD
O\]HDQGGLVFORVHNH\QRQILQDQFLDOLQGLFDWRUVUHOH
YDQWWRDSDUWLFXODUDFWLYLW\6SHFLILFDOO\LQRUGHUWR
DVVHVV WKH H[WHQW RI VXVWDLQDELOLW\ UHSRUWLQJ LQ (X
URSH ZH XVH WKH *5, GDWDEDVH OLPLWHG YHUVLRQ
DYDLODEOH
RQ
WKH
VLWH
KWWSGDWDEDVHJOREDOUHSRUWLQJRUJVHDUFK  GDWD
DYDLODEOH
RQ
KWWSVGDWD
RHFGRUJHQWUHSUHQHXUHQWHUSULVHVE\EXVLQHVV

1XPEHU

















6PDOO
1XPEHU

















VL]HKWPLQGLFDWRUFKDUW DQG EDVHG RQ WKH DYDLOD
EOH GDWD DQDO\]H WKH VWUXFWXUH RI WKHVH UHSRUWV DF
FRUGLQJWRWKHIROORZLQJFODVVLILFDWLRQFULWHULDWLPH
SHULRG JHRJUDSKLF GLVWULEXWLRQ FRPSDQ\ VL]H DQG
VHFWRU 7KH DQDO\VLV FRYHUHG WKH SHULRG IURP 
WRJLYHQWKDWLQWKHQXPEHURISXEOLVKHG
UHSRUWVLVORZHUWKDQLQDQGDPRXQWVWR
HQWHUSULVH UHSRUWV  ODUJH  PHGLXP DQG
 VPDOO HQWHUSULVHV  7KH GDWD LQ 7DEOHV  DQG 
UHIHUWRDVDODUJHUQXPEHURIFRPSDQLHVWKDW
SXEOLVKUHSRUWVDUHFRYHUHG'DWDIRUDQG
ZHUHQRWDYDLODEOHDWWKHWLPHRIGDWDFROOHFWLRQDQG
DUHWKHUHIRUHQRWFRYHUHGLQWKLVSDSHU 'DWDDQDO
\VLVLVEDVHGRQGLUHFWREVHUYDWLRQDQGFRPSDUDWLYH
DQDO\VLV RI WKH GDWDEDVH FRQWHQWV ZKLFK DOORZV
GHVFULELQJ DQG H[SODLQLQJ WKH LGHQWLILHG WUHQGV ,Q
RUGHUWREHWWHUH[SODLQDQGXQGHUVWDQGWKHUHVXOWVLQ
DGGLWLRQ WR GHVFULSWLYH VWDWLVWLFV QRQSDUDPHWULF
WHVWVDUHXVHG Mann-Whitney U test 
7KH ODUJHVW QXPEHU RI SXEOLVKHG UHSRUWV LQ
 LV LQ (XURSH   WKHQ LQ $VLD  
ZKLOH WKH\ DUH OHDVW SXEOLVKHG LQ $IULFD   DQG
$XVWUDOLD   6LQFH$VLDKDVKDGSULPDF\
LQWKHQXPEHURISXEOLVKHGUHSRUWVDQGH[SODQDWLRQ
IRU VXFK UHVXOWV FRXOG EH IRXQG LQ WKH LQFUHDVLQJ
VKDUHRIFRPSDQLHVIURPWKLVFRQWLQHQWRQWKHZRUOG
PDUNHW  &RPSDQLHV LQ (XURSH PRUH SUHFLVHO\
IURPWKH(8FRXQWULHVKDYHWKHKLJKHVWQXPEHURI
SXEOLVKHG VXVWDLQDELOLW\ UHSRUWV ,W VKRXOG DOVR EH
QRWHGWKDWDOWKRXJKWKHQXPEHURIFRPSDQLHVSXE
OLVKLQJ VXVWDLQDELOLW\ UHSRUWV KDV LQFUHDVHG VLJQLIL
FDQWO\ RYHU WKH SDVW IHZ \HDUV WKLV QXPEHU VWLOO
DFFRXQWV IRU D VPDOO VKDUH RI DFWLYH FRPSDQLHV ,Q
RUGHU WR H[DPLQH WKH FXUUHQW VWDWH RI (8 VXVWDLQD
ELOLW\ UHSRUWLQJ 7DEOH  JLYHV DQ RYHUYLHZ RI WKH
QXPEHU RI VXVWDLQDELOLW\ UHSRUWV DFFRUGLQJ WR FRP
SDQ\ VL]H LQ WKH (8 LQ WKH SHULRG IURP  WR

7KHUHVHDUFKUHVXOWVSUHVHQWHGLQ7DEOHLQGL
FDWH WKDW WKHQXPEHURI VXVWDLQDELOLW\ UHSRUWV KDV D
JURZLQJWUHQGLQWKHODVWIHZ\HDUV\HWWKLVQXPEHU
VWLOO PDNHV XS D VPDOO VKDUH LQ WKH SRSXODWLRQ RI
DFWLYHFRPSDQLHV 7DEOH 5HVXOWVVKRZWKDWVXV
WDLQDELOLW\ UHSRUWV DUH PRVWO\ SXEOLVKHG E\ ODUJH
FRPSDQLHV 5HVXOWV RI WKH FRQGXFWHG VXUYH\
LQGLFDWHWKDWRIDOOSXEOLVKHGVXVWDLQDELOLW\
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7KH&]HFK


 5HSXEOLF
)UDQFH


 +XQJDU\
*HUPDQ\


 /X[HPERXUJ
6ZHGHQ


 &URDWLD
6SDLQ


 ,UHODQG
7KH1HWKHUODQGV


 6ORYHQLD
)LQODQG


 6ORYDNLD
,WDO\


 5RPDQLD
$XVWULD


 (VWRQLD
%HOJLXP


 %XOJDULD
'HQPDUN


 &\SUXV
*UHHFH


 /DWYLD
3RODQG


 /LWKXDQLD
3RUWXJDO


 0DOWD
6RXUFH$XWKRUVEDVHGRQGDWDEDVH>@DFFHVVWREDVHVRQ

1XPEHURIUH
SRUWVQXPEHURI
FRPSDQLHV

1XPEHURIFRPSD
QLHV

1XPEHURIUHSRUWV

&RXQWU\

1XPEHURIUH
SRUWVQXPEHURI
FRPSDQLHV

1XPEHURIFRPSD
QLHV

1XPEHURIUHSRUWV

&RXQWU\

7$%/(
1XPEHURISXEOLVKHGUHSRUWVDQGQXPEHURIUHJLVWHUHGFRPSDQLHVLQ(8FRXQWULHVLQ

8QLWHG.LQJGRP


UHSRUWV UHODWH WR ODUJH FRPSDQLHV +RZHYHU LW
VHHPVLPSRUWDQWWRVD\WKDWDQLQFUHDVLQJQXPEHURI
PHGLXPVL]HGFRPSDQLHVUHFRJQL]HWKHLPSRUWDQFH
RISXEOLVKLQJDVXVWDLQDELOLW\UHSRUWRIWKH
WRWDO QXPEHU RI SXEOLVKHG VXVWDLQDELOLW\ UHSRUWV LQ
WKH(8LQFRQFHUQVPHGLXPVL]HGFRPSDQLHV
 LQ   LQ   7KH ORZHVW
VKDUH FRPHV IURP VPDOO FRPSDQLHV DQG WKHLU SHU
FHQWDJH VKDUH GHFUHDVHV \HDU DIWHU \HDU 7KLV GRHV
QRWGHSDUWIURPWKHUHVHDUFKUHVXOWVSUHVHQWHGLQWKH
RYHUYLHZ RI SUHYLRXV VWXGLHV 6SHFLILFDOO\ PRVW
VWXGLHVLQGLFDWHDSRVLWLYHUHODWLRQVKLSEHWZHHQWKH
FRPSDQ\ VL]H DQG WKH H[WHQW RI VXVWDLQDELOLW\ GLV
FORVXUH>@6XFKUHVXOWVDUHGXHWKHIROORZLQJ
DODUJHQXPEHURIVWDNHKROGHUVDUHLQWHUHVWHGLQWKH
EXVLQHVVUHVXOWVRIODUJHFRPSDQLHVWKHLULPSDFWRQ
WKHHQYLURQPHQWDQGVRFLHW\LVJUHDWHUWKDQLQVPDOO
DQGPHGLXPHQWHUSULVHVSXEOLVKLQJLQIRUPDWLRQRQ
VRFLDO DQG HQYLURQPHQWDO LPSDFWV KDV D SRVLWLYH
HIIHFW RQ WKH FRPSDQ\¶V LPDJH WKH FRPSDQ\¶V
VRFLDO HQYLURQPHQWDO DQG PRUDO UHVSRQVLELOLW\
³IRUFHV´WKHPWRGLVFORVHDUHSRUWRQVXVWDLQDELOLW\
HWF
,IZHDQDO\]HWKH(8FRXQWULHVE\WKHQXPEHU
RISXEOLVKHGUHSRUWVZHQRWHWKDWWKH8QLWHG.LQJ
GRP )UDQFH DQG *HUPDQ\ SXEOLVKHG PRUH WKDQ
VXVWDLQDELOLW\UHSRUWVLQ 7DEOH 1H[WWR
WKHP DUH WKH 6FDQGLQDYLDQ FRXQWULHV 6ZHGHQ WKH
1HWKHUODQGV DQG )LQODQG  6SDLQ DQG ,WDO\ 7KH
H[SODQDWLRQIRUWKLVVLWXDWLRQFDQEHVRXJKWLQIDFWV
VXFK DV 8QLWHG .LQJGRP ZDV WKH ILUVW FRXQWU\ WR
DSSRLQW D PLQLVWHU IRU VXVWDLQDELOLW\ FRQWUROV LQ
)UDQFH WKHUH LV D OHJDO REOLJDWLRQ IRU FRPSDQLHV
ZLWKPRUHWKDQHPSOR\HHVWRSXEOLVKVXVWDLQD
ELOLW\ UHSRUWV )LQODQG 6ZHGHQ DQG 6SDLQ DUH LQ
FUHDVLQJO\ DGRSWLQJ DQG LPSRVLQJ FRUSRUDWH VRFLDO














































UHVSRQVLELOLW\ UXOHV DW WKH QDWLRQDO OHYHO > @
7KH GDWD JLYHQ LQ 7DEOH  DOVR LQGLFDWHV WKDW LQ
JHQHUDO QHZ (8 PHPEHUV IRUPHU VRFLDOLVW FRXQ
WULHV WUDQVLWLRQ FRXQWULHV KDYH D VPDOO QXPEHU RI
SXEOLVKHGVXVWDLQDELOLW\UHSRUWVOHVVWKDQ,IWKH
UDWLRRIWKHQXPEHURIUHJLVWHUHGFRPSDQLHVDQGWKH
QXPEHU RI SXEOLVKHG VXVWDLQDELOLW\ UHSRUWV LV RE
VHUYHG WKH VLWXDWLRQ GRHV QRW FKDQJH PXFK /X[
HPERXUJLVLQWKHILUVWSODFHZKHUHHYHU\UGFRP
SDQ\ SXEOLVKHV D VXVWDLQDELOLW\ UHSRUW IROORZHG E\
WKH 6FDQGLQDYLDQ FRXQWULHV )LQODQG   'HQ
PDUN   6ZHGHQ   WKHQ $XVWULD   DQG
WKH8QLWHG.LQJGRP  ,WVKRXOGEHQRWHGKHUH
WKDW QRQ(8 FRXQWULHV VXFK DV 1RUZD\   DQG
6ZLW]HUODQG  WDNHDVLJQLILFDQWSODFH)RUPHU
VRFLDOLVW FRXQWULHV /LWKXDQLD %XOJDULD 6ORYDNLD
WKH &]HFK 5HSXEOLF 5RPDQLD 3RODQG DQG /DWYLD
DUH WKH FRXQWULHV WKDW KDYH WKH ORZHVW QXPEHU RI
SXEOLVKHG UHSRUWV ZKHQ REVHUYLQJ WKH QXPEHU RI
UHJLVWHUHG FRPSDQLHV LQ UDWLR ZLWK WKH QXPEHU RI
SXEOLVKHGVXVWDLQDELOLW\UHSRUWV 7DEOH %DVHGRQ
WKH DERYH DQG WDNLQJ LQWR DFFRXQW WKH SROLWLFDO
VLWXDWLRQ DQG HFRQRPLF GHYHORSPHQW RI WKH FRXQ
WULHV FRYHUHG E\ WKH DQDO\VLV LW FDQ EH FRQFOXGHG
WKDW WKH SROLWLFDO V\VWHP LQ WKHVH FRXQWULHV KDV OHIW
LWV PDUN DQG WKDW FRPSDQLHV LQ WKHVH FRXQWULHV DUH
VORZHU WR DGDSW WR PRGHUQ WUHQGV $OVR WKH WUDQVL
WLRQ WKDW WKH IRUPHU VRFLDOLVW FRXQWULHV KDYH JRQH
WKURXJKRUDUHVWLOOJRLQJWKURXJKKDVOHIWDPDUNRQ
FRPSDQLHV¶RSHUDWLRQVDQGWKXVRQUHSRUWLQJ
%DVHGRQWKHIRUHJRLQJLWVHHPVLPSRUWDQWWR
H[DPLQH D VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH EH
WZHHQWKHROGDQGQHZ(8PHPEHUVZKHQFRQVLGHU
LQJ WKH QXPEHU RI SXEOLVKHG VXVWDLQDELOLW\ UHSRUWV
ZLWKQHZPHPEHUVEHLQJFRQVLGHUHGDV
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FRXQWULHVWKDWMRLQHG EHFDPHPHPEHUV DIWHU
,Q RUGHU WR GR VR DQG GUDZ FRQFOXVLRQ 0DQQ
:KLWQH\ 8 WHVW LV XVHG 0DQQ:KLWQH\ 8 WHVW
SRLQWVWRDVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHLQWKH
QXPEHURISXEOLVKHGVXVWDLQDELOLW\UHSRUWVEHWZHHQ
WKHROG 0G Q  DQGQHZ 0G Q 
 (8PHPEHUV8 ] S 
U  ODUJHHIIHFW  )RUDJURXSFRPSDULVRQZH
FDOFXODWHDQHIIHFWVL]H VWUHQJWKRIWKHUHODWLRQVKLS
EHWZHHQYDULDEOHV  U DFFRUGLQJWR&RKHQFULWHULRQ
6366 GRHV QRW FDOFXODWH VWDWLVWLFDO LQGLFDWRUV RI
HIIHFW PDJQLWXGH EXW ZLWK WKH YDOXH RI ] JLYHQ LQ
WKH UHVXOWV WKH DSSUR[LPDWH YDOXH U  ]¥1 FDQ EH
FDOFXODWHG ZKHUHLIU LWLVDVPDOOHIIHFWU 
 JLYHV PLGGOH HIIHFW DQG U   JLYHV ODUJH
HIIHFW 7KHREWDLQHGUHVXOWVFRQILUPWKHSUHYLRXVO\
VWDWHG SRVLWLRQ WKDW FRPSDQLHV IURP WKH IRUPHU
VRFLDOLVW FRXQWULHV FRXQWULHV WKDW KDYH SDVVHG
WKURXJKWUDQVLWLRQSXEOLVKIHZHUUHSRUWVWKDQFRP
SDQLHVIURP(8IRXQGHUVDQGFRXQWULHVWKDWEHFDPH
PHPEHUVXQWLO6RLWFDQEHVDLGWKDWHFRQRP
LFDOO\PRUHGHYHORSHGFRXQWULHVDQGFRXQWULHVZLWK
VWULFWHUDQGPRUHUHJXODWHGOHJDOV\VWHPSODFHPRUH
HPSKDVLVRQVXVWDLQDELOLW\UHSRUWLQJ
,Q DGGLWLRQ WKH SDSHU DOVR DQDO\]HV VXVWDLQD
ELOLW\UHSRUWVE\VHFWRU%DVHGRQWKHGDWDDYDLODEOH
DWKWWSGDWDEDVHJOREDOUHSRUWLQJRUJVHDUFKZKHUH
VXVWDLQDELOLW\ UHSRUWLQJ LV GLYLGHG LQWR  VHFWRUV
VRPH FRQFOXVLRQ FDQ EH GUDZQ 6SHFLILFDOO\ WKH
SDSHUDQDO\]HVVHFWRUVEHVWSRVLWLRQHGDFFRUGLQJ
WRWKHQXPEHURISXEOLVKHGUHSRUWV$OVRWKHQXP
EHU RI SXEOLVKHG UHSRUWV LQ D SDUWLFXODU VHFWRU LV
FRPSDUHG ZLWK WKH WRWDO QXPEHU RI SXEOLVKHG UH
SRUWVLQWKDW\HDUDQGZHJHWDSHUFHQWDJHVKDUHRI
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WKH VHFWRU LQ WKH WRWDO QXPEHU RI UHSRUWV SXEOLVKHG
7DEOH 
%DVHGRQWKHUHVHDUFKUHVXOWVSUHVHQWHGLQ7D
EOHLWFDQEHQRWHGWKDWWKHILQDQFLDOVHFWRULVLQ
WKH ILUVW SODFH  UHSRUWV LH  LQ UHODWLRQ
WR WKH WRWDO QXPEHU RI SXEOLVKHG UHSRUWV LQ  
IROORZHG E\ WKH IRRG DQG EHYHUDJH VHFWRU  ±
  ZKLOH HQHUJ\ VHFWRU LV LQ WKH WKLUG SODFH
± 7KHVKDUHRIRWKHUVHFWRUVLVOHVVWKDQ
 RI WKH WRWDO QXPEHU RI SXEOLVKHG VXVWDLQDELOLW\
UHSRUWV7KHUHVXOWVREWDLQHGGRQRWGHYLDWHVLJQLIL
FDQWO\ IURP WKH UHVXOWV RI SUHYLRXV UHVHDUFK SRLQW
LQJWRVHFWRULPSDFWRQVXVWDLQDELOLW\UHSRUWLQJ>
@:KHQLWFRPHVWRWKHILQDQFLDOVHFWRUUHO\
LQJRQVLPLODUUHVHDUFKWKHUHVXOWVREWDLQHGFDQEH
MXVWLILHG E\ WKH IDFWV OLVWHG EHORZ 0DULPRQ HW DO
>@ DQG &KHUVDQ >@ UHDFK VLPLODU UHVXOWV VXJ
JHVWLQJWKDWWKLVLQFUHDVLQJWHQGHQF\LVWKHUHVXOWRI
WKHLQIOXHQFHRI86$ZKHUHOHJDOIDFWRUVDQGDFWLY
LVP HVWDEOLVK WKH OLQHV RI DFWLRQ RI FRPSDQLHV WKDW
RIIHUILQDQFLDOVHUYLFHV7KHILQDQFLDOVHFWRUSOD\VD
FUXFLDO UROH LQ WKH VRFLDO DQG HQYLURQPHQWDO DFWLYL
WLHV RI RWKHU LQGXVWULHV GXH WR WKHLU OHQGLQJ DQG
LQYHVWPHQW SROLFLHV >  @ $FFRUGLQJ WR
6LPSVRQ DQG .RKHUV >@ WKH ILQDQFLDO VHFWRU KDV
ERWK VRFLDO DQG OHJDO UHVSRQVLELOLWLHV EHFDXVH LW
ILQDQFHVHQWLWLHVWKDWFRXOGSURGXFHXQVDIHSURGXFWV
RU SROOXWH WKH HQYLURQPHQW ,Q DGGLWLRQ WKH ILQDQ
FLDO VHFWRU SOD\V DQ LPSRUWDQW UROH LQ VRFLR
HFRQRPLF GHYHORSPHQW >@ DQG WKH VXVWDLQDELOLW\
RIFRXQWULHV7KHILQDQFLDOVHFWRUDFWVDVDILQDQFLDO
LQWHUPHGLDU\ EHWZHHQ OHQGHUV DQG ERUURZHUV DQG
SOD\VDQLPSRUWDQWUROHGXULQJILQDQFLDOFULVHV>@
$OVR WKH DQDO\VLV LQGLFDWHV WKDW VHFWRUV VKRZLQJ
JUHDWHUVHQVLWLYLW\WRVRFLDODQGHQYLURQPHQWDOSURE
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OHPV HQHUJ\ VHFWRU IRRG DQG EHYHUDJH SURGXFWV 
KDYHKLJKHUUHSRUWLQJUDWHVWKDQRWKHUVHFWRUV
*LYHQWKDWWKHVHDUHVHFWRUVWKDWKDYHEHHQDV
VRFLDWHG ZLWK QXPHURXV HQYLURQPHQWDO GLVDVWHUV
WKURXJKRXWKLVWRU\DVZHOODVWKDWWKHLUSURGXFWLRQ
KDV D JUHDW LPSDFW RQ WKH HQYLURQPHQW ZRUNHU
VDIHW\QDWXUHDQGVRFLHW\LQJHQHUDODQGWKDWUHJX
ODWLRQVRIWHQUHTXLUHWKHPWRSHUIRUPFHUWDLQGLVFOR
VXUHVLWVHHPVORJLFDOWKDWWKHVHVHFWRUVWDNHVHFRQG
DQGWKLUGSODFHLQWHUPVRIWKHQXPEHURISXEOLVKHG
UHSRUWV


&21&/86,216

&RPSDQ\SUDFWLFHDQGQXPHURXVVXUYH\VFRQ
GXFWHGRYHUWKHSDVWWZRGHFDGHVLQGLFDWHWKDWDVD
UHVXOW RI LQFUHDVLQJ FRUSRUDWH VRFLDO UHVSRQVLELOLW\
FRPSDQLHV DUH LQ DGGLWLRQ WR HFRQRPLF LQGLFDWRUV
SXEOLVKLQJLQIRUPDWLRQRQWKHLPSDFWRIWKHLUDFWLYL
WLHV RQ HQYLURQPHQW LQIRUPDWLRQ RQ WKHLU HPSOR\
HHV DQG RWKHU DVSHFWV UHODWHG WR FRUSRUDWH VRFLDO
UHVSRQVLELOLW\ LQ VSHFLDO UHSRUWV DFFRPSDQ\LQJ
ILQDQFLDO VWDWHPHQWV RU DV SDUW RI WKHLU DQQXDO UH
SRUWV 6XFK DQ H[WHQGHG FRUSRUDWH UHSRUWLQJ PRGHO
VKRXOGSURYLGHPRUHFRPSOHWHLQIRUPDWLRQRQERWK
ILQDQFLDOSHUIRUPDQFHDQGYDOXHFUHDWLRQIRULQYHV
WRUVDQGQRQILQDQFLDOSHUIRUPDQFHDQGYDOXHJHQ
HUDWLRQIRUDOOFRPSDQ\VWDNHKROGHUV7KLVUHODWLYH
O\ QHZ UHSRUWLQJ PRGHO KDV WRGD\ HYROYHG LQWR D
FRPSUHKHQVLYHFRQFHSWWKDWVKRXOGOLQNDQGEDODQFH
WKH HFRQRPLF VRFLDO DQG HQYLURQPHQWDO EXVLQHVV
SHUVSHFWLYHLHWKHFRQFHSWRIVXVWDLQDELOLW\UHSRUW
LQJ 6R VXVWDLQDELOLW\ UHSRUWLQJ LQ DGGLWLRQ WR HQ
VXULQJDEDODQFHGDQGFRPSUHKHQVLYHVXVWDLQDELOLW\
SUHVHQWDWLRQRIWKHUHSRUWLQJFRPSDQ\LVDOVRDWRRO
IRU PDQDJLQJ DQG EXLOGLQJ ORQJWHUP UHODWLRQVKLSV
ZLWKVWDNHKROGHUV
7KH UHVXOWV RI WKH UHVHDUFK SUHVHQWHG LQ WKLV
SDSHULQGLFDWHWKDWWKHDGRSWLRQRIFRUSRUDWHVRFLDO
UHVSRQVLELOLW\SUDFWLFHVDQGUHSRUWLQJRQVXVWDLQDEOH
GHYHORSPHQW LV JURZLQJ IURP \HDU WR \HDU
+RZHYHU DOWKRXJK (XURSH LV D FRQWLQHQW ZLWK WKH
KLJKHVW QXPEHU RI VXVWDLQDELOLW\ UHSRUWV SXEOLVKHG
E\  WKHUH DUH VLJQLILFDQW GLIIHUHQFHV LQ WKH
QXPEHURISXEOLVKHGUHSRUWVEHWZHHQ(8FRXQWULHV
$ VXUYH\ FRQGXFWHG LQ WKLV SDSHU VXJJHVWV WKDW D
JUHDWHU QXPEHU RI VXVWDLQDELOLW\ UHSRUWV KDYH EHHQ
SXEOLVKHGLQWKHROG(8PHPEHUVWDWHVLHWKHUHLV
D VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ WKH QXPEHU
RI SXEOLVKHG VXVWDLQDELOLW\ UHSRUWV DPRQJ ROG DQG
QHZ (8 PHPEHUV ,W IROORZV WKDW WKHUH LV JUHDW
FRXQWU\ LQIOXHQFH RQ VXVWDLQDELOLW\ UHSRUWLQJ
7KHUHIRUH LW FDQ EH VDLG WKDW FRPSDQLHV LQ GHYHO
RSHG FRXQWULHV ROG (8 PHPEHU VWDWHV  ZDQW WR
LQFUHDVH WKHLU UHSXWDWLRQ DQG WKHUHIRUH SRLQW RXW
LVVXHV RI HQYLURQPHQWDO SURWHFWLRQ JHQGHU DQG
PLQRULW\LVVXHVDULVLQJIURPWKHLULQWHUQDODFWLYLWLHV
DV ZHOO DV RWKHU FRUSRUDWH VRFLDO UHVSRQVLELOLW\ LV
VXHV 2Q WKH RWKHU KDQG FRPSDQLHV LQ GHYHORSLQJ

FRXQWULHV QHZ(8PHPEHUV ZDQWWRDFKLHYHYLVL
ELOLW\IRULQWHUQDWLRQDOLQYHVWRUVDQGIRFXVRQFRP
SOLDQFH ZLWK LQWHUQDWLRQDO UHTXLUHPHQWV WKDW DUH
SULPDULO\ SURGXFWRULHQWHG ,Q DGGLWLRQ JRYHUQ
PHQWVLQGHYHORSHGFRXQWULHVDUHJHQHUDOO\WKHPDLQ
SURPRWHUVRIFRUSRUDWHVRFLDOUHVSRQVLELOLW\SUDFWLF
HV ZKLOH LQ GHYHORSLQJ FRXQWULHV JRYHUQPHQWV DUH
RIWHQ XQZLOOLQJ WR LPSOHPHQW OHJLVODWLRQ WKDW DG
GUHVVHV HQYLURQPHQWDO LVVXHV ZRUNLQJ FRQGLWLRQV
DQG WKH VXSSUHVVLRQ RI FRUUXSWLRQ .RQUDG HW DO
>@DQG&KHUVDQ>@VKDUHDVLPLODUDWWLWXGH
5HJDUGLQJ WKH VWUXFWXUH RI FRPSDQLHV WKDW
SXEOLVK VXVWDLQDELOLW\ UHSRUWV UHVHDUFK UHVXOWV LQGL
FDWHWKDWODUJHFRPSDQLHVDUHGRPLQDQWLQWKHQXP
EHU RI UHSRUWV 6SHFLILFDOO\ UHVXOWV RI WKH VXUYH\
LQGLFDWHWKDWDERXWRIDOOSXEOLVKHGVXVWDLQDELO
LW\UHSRUWVUHODWHWRODUJHFRPSDQLHV$OVRLIFRP
SDQLHVDUHDQDO\]HGE\VHFWRUVRQHFDQQRWLFHWKDW
WKH GRPLQDQW SODFH EHORQJV WR WKH ILQDQFLDO VHFWRU
WKHIRRGDQGEHYHUDJHVHFWRUDQGWKHHQHUJ\VHFWRU
7KHVH UHVXOWV FDQ EH MXVWLILHG E\ WKH IDFW WKDW VXV
WDLQDELOLW\ UHSRUWLQJ LV DQ HOLWH SUDFWLFH WKDW DOORZV
FRPSDQLHVWREHVSRWWHGRQWKHPDUNHW>@DQGWKDW
HQYLURQPHQWDOO\ DQG VRFLDOO\ VHQVLWLYH VHFWRUV DUH
RIWHQ HQFRXUDJHG E\ OHJDO UHJXODWLRQV WR UHSRUW RQ
WKHLU LPSDFWV RQ VRFLHW\ DQG WKH HQYLURQPHQW ,W
VKRXOGDOVREHQRWHGWKDWWKHUHVXOWVREWDLQHGGRQRW
GHYLDWH VLJQLILFDQWO\ IURP WKH UHVXOWV RI VLPLODU
UHVHDUFK FRQGXFWHG DURXQG WKH ZRUOG >  
@
7R VXP XS WKH DERYH ɚQDO\VLV RI SUHYLRXVO\
FRQGXFWHGUHVHDUFKDVZHOODVUHSRUWVRIFRPSDQLHV
FRYHUHG E\ WKLV DQDO\VLV DV ZHOO DV WKH OHJDO DQG
SROLWLFDORUJDQL]DWLRQRI(8FRXQWULHVLQUHODWLRQWR
RWKHUFRXQWULHVLQGLFDWHVWKDWWKHOHJDOREOLJDWLRQWR
GLVFORVH QRQILQDQFLDO LQIRUPDWLRQ RQ VRFLDO DQG
HQYLURQPHQWDOSHUIRUPDQFHKDVDSRVLWLYHHIIHFWRQ
WKHQXPEHUDQGTXDOLW\RISXEOLVKHGUHSRUWVLQLQGL
YLGXDOFRXQWULHV
7KH UHVHDUFK UHVXOWV KDYH VLJQLILFDQW WKHRUHWL
FDO DQG SUDFWLFDO LPSOLFDWLRQV 6SHFLILFDOO\ WKH
UHVXOWVLQGLFDWHWKDWLQWKHIXWXUHZHVKRXOGZRUNRQ
SURPRWLQJ VXVWDLQDELOLW\ UHSRUWLQJ HVSHFLDOO\ ZLWK
FRPSDQLHV IURP GHYHORSLQJ FRXQWULHV WKDW VWLOO GR
QRW IXOO\ UHFRJQL]H WKHUROH DQG LPSRUWDQFH RIGLV
FORVLQJ QRQILQDQFLDO LQIRUPDWLRQ +DYLQJ LQ PLQG
WKHSRSXODULW\RIWKHWRSLFDQGWKHJURZLQJLQWHUHVW
RI FRPSDQLHV DQG UHVHDUFKHUV LQ WKLV LVVXH WKLV
UHVHDUFK ILOOV WKH OLWHUDWXUH JDS HPSKDVL]LQJ WKH
LPSDFWRIOHJDOSROLWLFDOHFRQRPLFRUJDQL]DWLRQRI
DFRXQWU\EXWDOVRWKHVL]HRIFRPSDQLHVDQGDIILO
LDWLRQWRDSDUWLFXODUVHFWRURQSXEOLVKLQJVXVWDLQD
ELOLW\UHSRUWV/LQNLQJUHVHDUFKUHVXOWVZLWKH[LVWLQJ
UHVXOWV ZRUOGZLGH SRLQWV WR FHUWDLQ JXLGHOLQHV WKDW
FDQ HQKDQFH DQG HQFRXUDJH GLVFORVXUH RI VXVWDLQD
ELOLW\UHSRUWV
7KH PDLQ UHVHDUFK OLPLWDWLRQ LV WKH GDWDEDVH
XVHGWRFROOHFWGDWDJLYHQWKDWLWLVDOLPLWHGYHUVLRQ
DQGWKDWLWGRHVQRWLQFOXGHDOOVXVWDLQDELOLW\UHSRUWV
SXEOLVKHG LQ (8 FRXQWULHV 7KHUH DUH FRPSDQLHV
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WKDWSXEOLVKLQIRUPDWLRQRQFRUSRUDWHVRFLDOUHVSRQ
VLELOLW\ZLWKLQWKHLUDQQXDOUHSRUWV
7KH GDWD OLPLWDWLRQ PDGH LW LPSRVVLEOH WR DS
SO\ D PRUH GHPDQGLQJ VWDWLVWLFDO PHWKRGRORJ\
$QRWKHU OLPLWDWLRQ LV WKDW QRW DOO UHSRUWV DUH RI WKH
VDPH TXDOLW\ DQG WKDW WKHTXDOLW\ RISXEOLVKHG VXV
WDLQDELOLW\ UHSRUWV LV QRW DQDO\]HG LQ PRUH GHWDLO
%HDULQJLQPLQGWKHDERYHOLPLWDWLRQVIXWXUHVWXG
LHVVKRXOGLQFOXGHDWLPHGLPHQVLRQLQRUGHUWRVHH
WKHEHQHILWVRISXEOLVKLQJQRQILQDQFLDOLQIRUPDWLRQ
RYHU WLPH RU ZKHWKHU FRPSDQLHV WKDW SXEOLVK VXV
WDLQDELOLW\ UHSRUWV KDYH EHWWHU ILQDQFLDO SHUIRU
PDQFHUHSXWDWLRQDQGDEHWWHUPDUNHWSRVLWLRQ


5()(5(1&(6

>@ 81(3*5,.30* 7KH&HQWUHIRU&RUSR
UDWH*RYHUQDQFHLQ$IULFD  &DUURWVDQG
6WLFNV 6XVWDLQDELOLW\ UHSRUWLQJ SROLFLHV ZRUOG
ZLGHWRGD\¶VEHVWSUDFWLFHWRPRUURZ¶VWUHQGV
KWWSVZZZJOREDOUHSRUWLQJRUJUHVRXUFHOLEUDU
\&DUURWVDQG6WLFNVSGI $FFHVVHGRQ$SULO
 
>@ &RHQHQEHUJ $* +DOOHU $ 6FKXOW]H :
  $QQXDO DFFRXQWV DQG DQQXDO DFFRXQWV
DQDO\VLV6WXWWJDUW$XIO LQ*HUPDQ 
>@ 6HNHUH]9  5HJXODWRU\IUDPHZRUNDQG
TXDOLW\ RI VXVWDLQDELOLW\ UHSRUWLQJ (FRQRPLF
,GHDVDQG3UDFWLFHV LQ6HUELDQ 
>@ .ORN$  7UHQGLQVXVWDLQDELOLW\UHSRUW
LQJE\WKH)RUWXQH*OREDO%XVLQHVV6WUDW
HJ\DQGWKH(QYLURQPHQW  ±
>@ 'DXE &+   $VVHVVLQJ WKH TXDOLW\ RI
VXVWDLQDELOLW\UHSRUWLQJDQDOWHUQDWLYHPHWKRG
RORJLFDO DSSURDFK -RXUQDO RI &OHDQHU 3URGXF
WLRQ  ±
>@ 'HHJDQ &   7KH OHJLWLPLVLQJ HIIHFW RI
VRFLDO DQG HQYLURQPHQWDO GLVFORVXUHV $ WKHR
UHWLFDO IRXQGDWLRQ $FFRXQWLQJ $XGLWLQJ ɚQG
$FFRXQWDELOLW\-RXUQDO  ±
>@ .30*   ,QWHUQDWLRQDO VXUYH\ RI FRUSR
UDWHUHVSRQVLELOLW\UHSRUWLQJ$PVWHUGDP
.30*
>@ %RLUDO 2   6XVWDLQDELOLW\ UHSRUWV DV
VLPXODFUD"$FRXQWHUDFFRXQWRI$DQG$*5,
UHSRUWV $FFRXQWLQJ $XGLWLQJ ɚQG $FFRXQWD
ELOLW\-RXUQDO  ±
>@ %ODFFRQLHUH :* ɚQG 3DWWHQ '0  
(QYLURQPHQWDO GLVFORVXUHV UHJXODWRU\ FRVWV
DQGFKDQJHVLQILUPYDOXH-RXUQDORI$FFRXQW
LQJDQG(FRQRPLFV±
>@/DUULQDJD&0RQHYD-0/OHQD)&DUUDV
FR ) ɚQG &RUUHD &   $FFRXQWDELOLW\
DQG DFFRXQWLQJ UHJXODWLRQ 7KH FDVH RI WKH
6SDQLVKHQYLURQPHQWDOGLVFORVXUHVWDQGDUG(X
URSHDQ$FFRXQWLQJ5HYLHZ  ±



>@)UHHGPDQ 0 ɚQG 3DWWHQ ' 0   (YL
GHQFH RQ WKH SHUQLFLRXV HIIHFW RI ILQDQFLDO UH
SRUWHQYLURQPHQWDOGLVFORVXUH$FFRXQWLQJ)R
UXP±
>@&ULDGR , )HUQiQGH] 0 +XVLOORV )- ɚQG
/DUULQDJD&  &RPSOLDQFHZLWKPDQGD
WRU\ HQYLURQPHQWDO UHSRUWLQJ LQ ILQDQFLDO
VWDWHPHQWV 7KH FDVH RI 6SDLQ ± 
-RXUQDORI%XVLQHVV(WKLFV  ±
>@/OHQD ) 0RQHYD - 0 ɚQG +HUQiQGH] %
 (QYLURQPHQWDO'LVFORVXUHDQGFRPSXO
VRU\DFFRXQWLQJVWDQGDUGV7KHFDVHRI6SDQLVK
DQQXDOUHSRUWV%XVLQHVV6WUDWHJ\DQGWKH(QYL
URQPHQW  ±
>@*UD\5+.RXK\5ɚQG/DYHUV6  
&RUSRUDWH VRFLDO DQG HQYLURQPHQWDO UHSRUWLQJ
D UHYLHZ RI WKH OLWHUDWXUH DQG D ORQJLWXGLQDO
VWXG\ RI 8. GLVFORVXUH $FFRXQWLQJ $XGLWLQJ
DQG$FFRXQWDELOLW\-RXUQDO  ±
>@3DWWHQ'0ɚQG&UDPSWRQ:  /HJLW
LPDF\DQGWKH,QWHUQHW$QH[DPLQDWLRQRIFRU
SRUDWH ZHE SDJH HQYLURQPHQWDO GLVFORVXUHV
$GYDQFHV LQ (QYLURQPHQWDO $FFRXQWLQJ DQG
0DQDJHPHQW±
>@8QHUPDQ-  5HIOHFWLRQVRQTXDQWLILFD
WLRQLQFRUSRUDWHVRFLDOUHSRUWLQJFRQWHQWDQDO\
VLV $FFRXQWLQJ $XGLWLQJ DQG $FFRXQWDELOLW\
-RXUQDO  ±
>@.OHLQH$DQGYRQ+DXII0  6XVWDLQD
ELOLW\GULYHQ LPSOHPHQWDWLRQ RI FRUSRUDWH VR
FLDO UHVSRQVLELOLW\ DSSOLFDWLRQ RI WKH LQWHJUD
WLYHVXVWDLQDELOLW\WULDQJOH-RXUQDORI%XVLQHVV
(WKLFV  ±
>@&DUUDVFR0RQWHDJXGR , DQG %XHQGtD
0DUWtQH] ,   &RUSRUDWH VRFLDO UHVSRQVL
ELOLW\ D FURVVURDG EHWZHHQ FKDQJLQJ YDOXHV
LQQRYDWLRQ DQG LQWHUQDWLRQDOL]DWLRQ (XURSHDQ
-RXUQDO RI ,QWHUQDWLRQDO 0DQDJHPHQW   
±
>@'DYLV*DQG6HDUF\&  $UHYLHZRI
&DQDGLDQ FRUSRUDWH VXVWDLQDEOH GHYHORSPHQW
UHSRUWV-RXUQDORI*OREDO5HVSRQVLELOLW\  
±
>@+DEHN 3 DQG :ROQDLN 5   $VVHVVLQJ
WKH TXDOLW\ RI FRUSRUDWH VRFLDO UHVSRQVLELOLW\
UHSRUWV WKH FDVH RI UHSRUWLQJ SUDFWLFHV LQ VH
OHFWHG(XURSHDQ8QLRQPHPEHUVWDWHV4XDOLW\
4XDQWLW\
>@*UD\ 5   ,V DFFRXQWLQJ IRU VXVWDLQDELO
LW\ DFWXDOO\ DFFRXQWLQJ IRU VXVWDLQDELOLW\ DQG
KRZZRXOGZHNQRZ"$QH[SORUDWLRQRIQDUUD
WLYHVRIRUJDQL]DWLRQVDQGWKHSODQHW$FFRXQW
LQJ2UJDQL]DWLRQVDQG6RFLHW\  
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>@*LRYDQQRQL(ɚQG)DELHWWL*  :KDW,V
6XVWDLQDELOLW\" $ 5HYLHZ RI WKH &RQFHSW DQG
,WV $SSOLFDWLRQV ,Q %XVFR & )ULJR 0 /
5LFDERQL$ ɚQG4XDWWURQH3 (GLWRUV ,QWH
JUDWHG 5HSRUWLQJ &RQFHSWV DQG &DVHV WKDW 5H
GHILQH &RUSRUDWH $FFRXQWDELOLW\  
6SULQJHU,QWHUQDWLRQDO3XEOLVKLQJ6ZLW]HUODQG
>@&KULVW./ɚQG%XUULWW5/  (QYLURQ
PHQWDO PDQDJHPHQW DFFRXQWLQJ WKH VLJQLIL
FDQFHRIFRQWLJHQWYDULDEOHVIRUDGRSWLRQ-RXU
QDORI&OHDQHU3URGXFWLRQ
>@.LQJ 0(   7KH V\QHUJLHV DQG LQWHUDF
WLRQ EHWZHHQ .LQJ ,,, DQG WKH &RPSDQLHV $FW
 RI  $FWD 8ULGLFD PRGHUQ FRPSDQ\
ODZIRUDFRPSHWLWLYH6RXWK$IULFDQ(FRQRP\
±
>@%RQVyQ ( DQG %HGQiURYi 0   &65
UHSRUWLQJ SUDFWLFHV RI (XUR]RQH FRPSDQLHV
5HYLVWDGH&RQWDELOLGDG±6SDQLVK$FFRXQWLQJ
5HYLHZ  ±
>@7VDQJ6:HOIRUG5DQG%URZQ0  
5HSRUWLQJ RQ FRPPXQLW\ LQYHVWPHQW -RXUQDO
RI &RUSRUDWH 6RFLDO 5HVSRQVLELOLW\ DQG (QYL
URQPHQWDO0DQDJHPHQW±
>@'RRUOH\-ɚQG*DUFLD+)  5HSXWDWLRQ
PDQDJHPHQW7KHNH\WRVXFFHVVIXOSXEOLFUHOD
WLRQVDQGFRUSRUDWHFRPPXQLFDWLRQ1HZ<RUN
1<5RXWOHGJH
>@0DXEDQH33ULQVORR$ɚQG9DQ5RR\HQ1
  6XVWDLQDELOLW\ UHSRUWLQJ SDWWHUQV RI
FRPSDQLHV OLVWHG RQ WKH -RKDQQHVEXUJ VHFXUL
WLHV H[FKDQJH 3XEOLF 5HODWLRQV 5HYLHZ 
±
>@1RURQKD&7RX6&\QWKLD0,ɚQG*XDQ
--   &RUSRUDWH VRFLDO UHVSRQVLELOLW\ UH
SRUWLQJLQ&KLQD$QRYHUYLHZDQGFRPSDULVRQ
ZLWK PDMRU WUHQGV &RUSRUDWH 6RFLDO 5HVSRQVL
ELOLW\ DQG (QYLURQPHQWDO 0DQDJHPHQW   

>@0DULPRQ ) $ORQVR$OPHLGD 0 GHO 0 DQG
5RGUtJXH] 0 GHO 3   7KH :RUOGZLGH
GLIIXVLRQ RI WKH *OREDO 5HSRUWLQJ ,QLWLDWLYH
ZKDW LV WKH SRLQW" -RXUQDO RI &OHDQHU 3URGXF
WLRQ
>@5RZH0  5HSXWDWLRQUHODWLRQVKLSVDQG
ULVN $ &65 SULPHU IRU HWKLFV RIILFHUV %XVL
QHVVDQG6RFLHW\5HYLHZ  ±
>@&KHUVDQ ,&   &RUSRUDWH UHVSRQVLELOLW\
UHSRUWLQJDFFRUGLQJWR*OREDO5HSRUWLQJ,QLWLD
WLYH DQ LQWHUQDWLRQDO FRPSDUDVLRQ $XGLW )L
QDQFLDU  
>@0DWWHQ'$DQG0RRQ-  ³,PSOLFLW´
DQG ³H[SOLFLW´ &65 D FRQFHSWXDO IUDPHZRUN
IRUXQGHUVWDQGLQJRIFRUSRUDWHVRFLDOUHVSRQVL
ELOLW\ $FDGHP\ RI 0DQDJHPHQW 5HYLHZ
  ±
>@*MOEHUJ 0   0HDVXULQJ WKH LPPHDV
XUDEOH"&RQVWUXFWLQJDQLQGH[RI&65SUDFWLFHV
DQG&65SHUIRUPDQFHLQFRXQWULHV6FDQGL
QDYLDQ-RXUQDORI0DQDJHPHQW  ±

>@(UWXQD % DQG 7NHO $   7UDGLWLRQDO
YHUVXV LQWHUQDWLRQDO LQIOXHQFHV &65 GLVFOR
VXUHV LQ 7XUNH\ (XURSHDQ -RXUQDO RI ,QWHUQD
WLRQDO0DQDJHPHQW  ±
>@.X]QHWVRY$DQG.X]QHWVRYD2  7KH
UROHRIVWDNHKROGHUVLQVKDSLQJPDQDJHULDOSHU
FHSWLRQVRI&65LQ5XVVLD(XURSHDQ-RXUQDORI
,QWHUQDWLRQDO0DQDJHPHQW  ±
>@)UHXQGOLHE 0 DQG 7HXWHEHUJ )  
$XJPHQWHG 6XVWDLQDELOLW\ 5HSRUWV ± $ 'HVLJQ
6FLHQFH $SSURDFK $,6 7UDQVDFWLRQV RQ +X
PDQ&RPSXWHU,QWHUDFWLRQ  
>@0LR &K DQG DQG 9HQWXUHOOL $   1RQ
ILQDQFLDO LQIRUPDWLRQ DERXW VXVWDLQDEOH GHYHO
RSPHQWDQGHQYLURQPHQWDOSROLF\LQWKHDQQXDO
UHSRUWVRIOLVWHGFRPSDQLHVHYLGHQFHIURP,WD
O\DQGWKH8.&RUSRUDWH6RFLDO5HVSRQVLELOLW\
DQG (QYLURQPHQWDO 0DQDJHPHQW    ±

>@)LIND 06   &RUSRUDWH UHVSRQVLELOLW\
UHSRUWLQJ DQG LWV GHWHUPLQDQWV LQ FRPSDUDWLYH
SHUVSHFWLYHDUHYLHZRIWKHHPSLULFDOOLWHUDWXUH
DQGDPHWDDQDO\VLV%XVLQHVV6WUDWHJ\DQGWKH
(QYLURQPHQW±
>@0DLJQDQ , DQG 5DOVWRQ '$   &RUSR
UDWH VRFLDO UHVSRQVLELOLW\ LQ (XURSH DQG WKH
86 LQVLJKWV IURP EXVLQHVVHV¶ VHOI
UHSUHVHQWDWLRQV -RXUQDO RI ,QWHUQDWLRQDO %XVL
QHVV6WXGLHV  ±
>@&KHQ 6 DQG %RXYDLQ 3   ,V FRUSRUDWH
UHVSRQVLELOLW\ FRQYHUJLQJ" $ FRPSDULVRQ RI
FRUSRUDWH UHVSRQVLELOLW\ UHSRUWLQJ LQ WKH 86$
8. $XVWUDOLD DQG *HUPDQ\ -RXUQDO RI %XVL
QHVV(WKLFV  ±
>@+DELVFK $ 3DWHOOL / 3HGULQL 0 DQG
6FKZDU]&  'LIIHUHQWWDONVZLWKGLIIHU
HQW IRONV D FRPSDUDWLYH VXUYH\ RI VWDNHKROGHU
GLDORJLQ*HUPDQ\,WDO\DQGWKH86-RXUQDO
RI%XVLQHVV(WKLFV±
>@&RUPLHU ' DQG 0DJQDQ 0   7KH UH
YLVLWHGFRQWULEXWLRQRIHQYLURQPHQWDOUHSRUWLQJ
WRLQYHVWRUV¶YDOXDWLRQRIDILUP¶VHDUQLQJV$Q
LQWHUQDWLRQDO SHUVSHFWLYH (FRORJLFDO (FRQRP
LFV ± ±
>@2XWWHV:DQGHUOH\ / 6RDUHV / /XFLDQ 5
)DUDFKH ) DQG GH 6RXVD )LOKR 0LOWRQ -
  &65 LQIRUPDWLRQ GLVFORVXUH RQ WKH
ZHE $ FRQWH[WEDVHG DSSURDFK DQDO\]LQJ WKH
LQIOXHQFHRIFRXQWU\RIRULJLQDQGLQGXVWU\VHF
WRU-RXUQDORI%XVLQHVV(WKLFV±
>@:DGGRFN 6   %XLOGLQJ D QHZ LQVWLWX
WLRQDO LQIUDVWUXFWXUH IRU FRUSRUDWH UHVSRQVLELO
LW\ $FDGHP\ RI 0DQDJHPHQW 3HUVSHFWLYHV
±
>@-DFNVRQ * DQG $SRVWRODNRX $   &RU
SRUDWHVRFLDOUHVSRQVLELOLW\LQ:HVWHUQ(XURSH
DQLQVWLWXWLRQDOPLUURURUVXEVWLWXWH"-RXUQDORI
%XVLQHVV(WKLFV±
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>@7DJHVVRQ 7 %ODQN 9 %UREHUJ 3 DQG &RO
OLQ 62   :KDW H[SODLQV WKH H[WHQW DQG
FRQWHQWRIVRFLDODQGHQYLURQPHQWDOGLVFORVXUHV
RQ FRUSRUDWH ZHEVLWHV" $ VWXG\ RI VRFLDO DQG
HQYLURQPHQWDOUHSRUWLQJLQ6ZHGLVKOLVWHGFRU
SRUDWLRQV &RUSRUDWH 6RFLDO 5HVSRQVLELOLW\ DQG
(QYLURQPHQWDO0DQDJHPHQW±
>@*DOOR3DQG&KULVWHQVHQ/  )LUPVL]H
PDWWHUV $Q HPSLULFDO LQYHVWLJDWLRQ RI RUJDQL
]DWLRQDO VL]H DQG RZQHUVKLS RQ VXVWDLQDELOLW\
UHODWHG EHKDYLRUV %XVLQHVV DQG 6RFLHW\ 
±
>@/HY\ '/ 6]HMQZDOG %+ DQG GH -RQJ 0
  7KH FRQWHVWHG SROLWLFV RI FRUSRUDWH
JRYHUQDQFHWKHFDVHRIWKHJOREDOUHSRUWLQJLQL
WLDWLYH%XVLQHVVDQG6RFLHW\  ±
>@+DQLIID 50 DQG &RRNH 7(   7KH
LPSDFWRIFXOWXUHDQGJRYHUQDQFHRQFRUSRUDWH
VRFLDO UHSRUWLQJ -RXUQDO RI $FFRXQWLQJ DQG
3XEOLF3ROLF\±
>@%UDQFR 0 DQG 5RGULJXHV//   &RP
PXQLFDWLRQ RI FRUSRUDWH VRFLDO UHVSRQVLELOLW\
E\3RUWXJXHVHEDQNV$OHJLWLPDF\WKHRU\SHU
VSHFWLYH &RUSRUDWH &RPPXQLFDWLRQV $Q ,Q
WHUQDWLRQDO-RXUQDO  ±
>@2JUL]HN 0   7KH HIIHFW RI FRUSRUDWH
VRFLDO UHVSRQVLELOLW\ RQ WKH EUDQGLQJ RI ILQDQ
FLDO VHUYLFHV -RXUQDO RI )LQDQFLDO 6HUYLFHV
0DUNHWLQJ  ±
>@$]LP 0, $KPHG 6 DQG ,VODP 0  
&RUSRUDWH VRFLDO UHSRUWLQJ SUDFWLFH (YLGHQFH
IURP OLVWHG FRPSDQLHV LQ %DQJODGHVK -RXUQDO
RI$VLD3DFLILF%XVLQHVV  ±
>@)U\QDV-*  &RUSRUDWHVRFLDOUHVSRQVL
ELOLW\ DQG VRFLHWDO JRYHUQDQFH /HVVRQV IURP
WUDQVSDUHQF\ LQ WKH RLO DQG JDV VHFWRU -RXUQDO
RI%XVLQHVV(WKLFV±
>@5DWDQDMRQJNRO 6 'DYH\ + DQG /RZ 0
 &RUSRUDWHVRFLDOUHSRUWLQJLQ7KDLODQG
7KH QHZV LV DOO JRRG DQG LQFUHDVLQJ 4XDOLWD
WLYH5HVHDUFKLQ$FFRXQWLQJDQG0DQDJHPHQW
  ±
>@$PUDQ$DQG'HYL66  7KHLPSDFW
RI JRYHUQPHQW DQG IRUHLJQ DIILOLDWH LQIOXHQFH
RQFRUSRUDWHVRFLDOUHSRUWLQJ7KHFDVHRI0D
OD\VLD 0DQDJHULDO $XGLWLQJ -RXUQDO   
±
>@6QLGHU - +LOO 53 DQG 0DUWLQ '  
&RUSRUDWH VRFLDO UHVSRQVLELOLW\ LQ WKH VW FHQ
WXU\$YLHZIURPWKHZRUOG¶VPRVWVXFFHVVIXO
ILUPV-RXUQDORI%XVLQHVV(WKLFV±
>@*5,   *OREDO 5HSRUWLQJ ,QLWLDWLYH VXV
WDLQDELOLW\ UHSRUW GDWDEDVH KWWSGDWDEDVH
JOREDOUHSRUWLQJRUJVHDUFK $FFHVVHG RQ 
$SULO 
>@2(&'   2(&' 'DWD (QWHUSULVHV E\
EXVLQHVV VL]H KWWSVGDWDRHFGRUJ HQWUHSUH
QHXUHQWHUSULVHVE\EXVLQHVV
VL]HKWPLQGLFDWRUFKDUW $FFHVVHGRQ$SULO
 

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@%UDPPHU 6 DQG 3DYHOLQ 6   )DFWRUV
LQIOXHQFLQJ WKH TXDOLW\ RI FRUSRUDWH HQYLURQ
PHQWDO GLVFORVXUH %XVLQHVV 6WUDWHJ\ DQG WKH
(QYLURQPHQW  ±
>@'RXJODV$'RULV-DQG-RKQVRQ%  
&RUSRUDWHVRFLDOUHSRUWLQJLQ,ULVKILQDQFLDOLQ
VWLWXWLRQV 7KH 740 0DJD]LQH    

>@%UDQFR 0& DQG 5RGULJXHV //  
6RFLDO UHVSRQVLELOLW\ GLVFORVXUH D VWXG\ RI
SUR[LHV IRU WKH SXEOLF YLVLELOLW\ RI 3RUWXJXHVH
EDQNV 7KH %ULWLVK $FFRXQWLQJ 5HYLHZ   

>@6FKROWHQV %   &RUSRUDWH VRFLDO UHVSRQ
VLELOLW\ LQ WKH LQWHUQDWLRQDO EDQNLQJ LQGXVWU\
-RXUQDORI%XVLQHVV(WKLFV  
>@6LPSVRQ : DQG .RKHUV 7   7KH OLQN
EHWZHHQVRFLDODQGILQDQFLDOSHUIRUPDQFHHYL
GHQFH IURP WKH EDQNLQJ LQGXVWU\ -RXUQDO RI
%XVLQHVV(WKLFV  
>@$FKXD-.  &RUSRUDWHVRFLDOUHVSRQVL
ELOLW\LQ1LJHULDQEDQNLQJV\VWHP6RFLHW\DQG
%XVLQHVV5HYLHZ  
>@:X 0: DQG 6KHQ &+   &RUSRUDWH
VRFLDO UHVSRQVLELOLW\ LQ WKH EDQNLQJ LQGXVWU\
PRWLYHV DQG ILQDQFLDO SHUIRUPDQFH -RXUQDO RI
%DQNLQJDQG)LQDQFH  
>@.RQUDG $ 6WHXUHU 5 /DQJHU 0( DQG
0DUWLQX]]L $   (PSLULFDO ILQGLQJV RQ
EXVLQHVVVRFLHW\UHODWLRQVLQ(XURSH-RXUQDORI
%XVLQHVV(WKLFV  

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
'HMDQ-RYDQRYLF
)DFXOW\RI(FRQRPLFV
8QLYHUVLW\RI.UDJXMHYDF
/LFHM.QH]HYLQH6UELMH
.UDJXMHYDF6HUELD
HPDLO GMRYDQRYLF#NJDFUV
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0(&+$1,602)(1+$1&(0(172=21$7,21%<
8/75$6281')25'(*5$'$7,212)
32/<$&5</$0,'(,1$63352'8&(':$7(5

/HL=KDQJ -LD[LQ=KXR<XH0LDR:HLNDL&DR<XHVXR<DQJ




6FKRRORI1HZ(QHUJ\DQG(QYLURQPHQW-LOLQ8QLYHUVLW\&KDQJFKXQ-LOLQ&KLQD
7KH(DUWK6FLHQFHVGHSDUWPHQW1RUWKHDVW3HWUROHXP8QLYHUVLW\H'DTLQJ+HLORQJMLDQJ&KLQD

1R2LO([WUDFWLRQ3ODQW'DTLQJ2LOILHOGRI&13&'DTLQJ+HLORQJMLDQJ&KLQD



$%675$&7

7KH SURGXFHG ZDWHU IURP $63 $ONDOL ˈ
6XUIDFWDQW DQG 3RO\PHU  IORRGLQJ RLO KDV KLJKHU
YLVFRVLW\ EHFDXVH RI WKH SUHVHQFH RI SRO\PHU
UHVLGXHVZKLFKPDGHWKHVHSDUDWLRQRIRLODQGZDWHU
HYHQ KDUGHU 7KH GHJUDGDWLRQ RI SRO\PHU E\ XVLQJ
XOWUDVRQLF HQKDQFHG 2 R[LGDWLRQ ZDV DOVR
SHUIRUPHGLQ  N+]WKUHHRUWKRJRQDOILHOG
ZLWK WKH LQWHQVLW\ RI ZP DQG WKH DGGLWLRQ RI
PJ/2IRUPLQ7KHFKDQJHUDWLRRIG\QDPLF
YLVFRVLW\ FRXOG DWWDLQ  %\ FDOFXODWLQJ
XWLOL]DWLRQUDWHRI2DQGGHWHFWLQJWKHLQWHUPHGLDWH
SURGXFWV RI +2 WKH XOWUDVRQLF HQKDQFHG 2
R[LGDWLRQLQWURGXFHVWKHV\QHUJLVWLFHIIHFWLQFUHDVHV
WKHWUDQVIHUHIILFLHQF\DQGSURPRWHWKHJHQHUDWLRQRI
2+ 7KH SRO\PHU GHJUDGDWLRQ HIILFLHQF\ LQFUHDVHV
WKUHHWLPHVDQGWKHUHDFWLRQWLPHVKRUWVDERXW



WKHUHWHQWLRQRI3$0LQWKHILOWHUPDWHULDOOD\HUOHDGV
WR WKH IRUPDWLRQ RI GHQVH KDUGHQHG OD\HU IDVW
ILOWUDWLRQSUHVVXUHGURSVKRUWHURSHUDWLRQSHULRGRI
ILOWHU WDQN DQG KLJK IUHTXHQF\ RI ILOWHU PDWHULDO
UHSODFHPHQW>@7KHUHIRUHKRZWRGHJUDGH3$0DQG
UHGXFHWKHYLVFRVLW\RIVHZDJHKDVEHFRPHWKHNH\
WHFKQRORJ\ IRU WKH VWDQGDUG WUHDWPHQW RI $63
IORRGLQJ RLO\ VHZDJH $GYDQFHG R[LGDWLRQ
WHFKQRORJ\ DQG ELRGHJUDGDWLRQ WHFKQRORJ\ FDQ
HIIHFWLYHO\GHJUDGH3$0DQGUHGXFHZDWHUYLVFRVLW\
+RZHYHU GXH WR WKH FRPSOH[ ZDWHU TXDOLW\ RI
RLOILHOGVHZDJHDEQRUPDOFKDQJHVLQZDWHUTXDOLW\
DQG TXDQWLW\ RFFXU IUHTXHQWO\ DQG WKH JURZWK RI
PLFURRUJDQLVPV LV OLPLWHG ZKLFK DOVR OLPLWV WKH
DSSOLFDWLRQRIELRGHJUDGDWLRQWHFKQRORJ\$OWKRXJK
FKHPLFDOR[LGDWLRQHVSHFLDOO\R]RQH 2 R[LGDWLRQ
WHFKQRORJ\KDVKLJKFRVWLWKDVVWURQJDGDSWDELOLW\
DQGFHUWDLQDGYDQWDJHV>@2R[LGDWLRQXVHVR]RQH
GHFRPSRVLWLRQWRIRUPKLJKO\DFWLYH2+GHJUDGDWLRQ
SRO\PHUV+RZHYHULQWKHSURFHVVRIWUHDWLQJ$63
IORRGLQJRLO\VHZDJHZLWKFRPSOH[FRPSRQHQWVLWV
ORZPDVVWUDQVIHUHIILFLHQF\DQGVORZGHFRPSRVLWLRQ
UDWH OHDG WR ORZ WUHDWPHQW GHJUDGDWLRQ HIILFLHQF\
ODUJH2FRQVXPSWLRQDQGORQJUHDFWLRQWLPHZKLFK
OLPLW LWV DSSOLFDWLRQ LQ $63 IORRGLQJ RLO\ VHZDJH
WUHDWPHQW7KHUHIRUHKRZWRLPSURYHWKHHIILFLHQF\
RI2R[LGDWLYHGHJUDGDWLRQRI3$0DQGUHDVRQDEO\
FRQWURO WKH FRVW EHFRPH WKH NH\ WR WKH UHVHDUFK RI
$63IORRGLQJRLO\VHZDJHWUHDWPHQW
7KHLQWURGXFWLRQRIXOWUDVRQLFWHFKQRORJ\LQWR
2R[LGDWLRQSURFHVVFDQLPSURYHWKHPDVVWUDQVIHU
UDWH RI 2 LQWR VROXWLRQ WKURXJK WKH PHFKDQLFDO
DFWLRQRIXOWUDVRQLFDFFHOHUDWH2GHFRPSRVLWLRQWR
JHQHUDWHPRUHUDGLFDOVZLWKKLJKHUDFWLYLW\VXFKDV
2+DQGLPSURYHWKHHIILFLHQF\RI2R[LGDWLRQDQG
GHFRPSRVLWLRQ RI 3$0>@ $W WKH VDPH WLPH
XOWUDVRQLFFDYLWDWLRQZLOODFFHOHUDWHWKHGHJUDGDWLRQ
RI RUJDQLF PDWWHU DQG LPSURYH WKH GHFRPSRVLWLRQ
HIILFLHQF\ RI 3$0 ,Q WKLV VWXG\ XOWUDVRQLF
HQKDQFHG2R[LGDWLRQWHFKQRORJ\LVXVHGWRGHJUDGH
3$0 LQ $63 IORRGLQJ RLO\ VHZDJH WR UHGXFH WKH
YLVFRVLW\ RI WKH ZDVWHZDWHU DQG JLYH IXOO SOD\ WR
XOWUDVRQLF FDYLWDWLRQ PHFKDQLFDO RVFLOODWLRQ DQG
KHDWLQJWRHQKDQFH2GHJUDGDWLRQRI3$0LPSURYH
3$0GHJUDGDWLRQHIILFLHQF\>@DQGHQVXUHWKDWWKH
TXDOLW\RIUHLQMHFWLRQZDWHUUHDFKHVWKHVWDQGDUG

.(<:25'6
3RO\PHUR]RQDWLRQXOWUDVRQLFFDWDO\WLFV\QHUJLVWLFHIIHFW



,1752'8&7,21

7KHPDLQZD\RXWLVWRUHLQMHFWWKHSURGXFHG
IOXLG RI $63 IORRGLQJ LQWR WKH JURXQG DIWHU
WUHDWPHQW 3RO\DFU\ODPLGH 3$0  LV D NLQG RI
LPSRUWDQWFRPSRXQGFRQWDLQHGLQWKH$63IORRGLQJ
SURGXFWLRQIOXLGDQGLWVSUHVHQFHFDXVHVWKHLQFUHDVH
RIYLVFRVLW\LQWKHSURGXFHGIOXLG)RUH[DPSOHWKH
YLVFRVLW\RIZDWHUIORRGLQJRLOSURGXFWLRQVHZDJHLQ
'DTLQJ RLOILHOG LV ORZHU WKDQ P3DāV ZKLOH WKH
3$0 FRQWHQW LQ $63 IORRGLQJ RLO\ VHZDJH LV
aPJā/DQGWKHYLVFRVLW\LVaP3DāV
$FFRUGLQJ WR NLQHWLF WKHRU\ WKH LQFUHDVH RI ZDWHU
YLVFRVLW\ ZLOO UHGXFH WKH VHWWOLQJ UDWH RI ZDWHU
SDUWLFOHVDQGSURORQJWKHVHWWOLQJUHVLGHQFHWLPHRI
VHZDJH>a@ %HVLGHV WKH SUHVHQFH RI
PDFURPROHFXODU3$0LQWKHSURGXFHGIOXLGLVDOVR
XQIDYRUDEOH IRU ILOWUDWLRQ WUHDWPHQW )LUVW 3$0 LQ
ZDWHU IRUPV D ZUDS IRU SDUWLFXODWH PDWWHU ZKLFK
FDXVHV WKH LQDGHTXDWH DGVRUSWLRQ HIIHFW RI WKH
SDUWLFXODWHPDWWHUZLWKWKHILOWHUPDWHULDODQGWKHORZ
UHPRYDOHIIHFWRIVXVSHQGHGVROLGV6HFRQG
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'XULQJ WKH H[SHULPHQW YLVFRVLW\ ORVV DIWHU
GHJUDGDWLRQRI3$0LQZDWHUE\XOWUDVRQLFHQKDQFHG
2 LV LQYHVWLJDWHG XQGHU WKH HIIHFWV RI VLQJOHILHOG
ZLWK GLIIHUHQW IUHTXHQFLHV RI N+]  N+] 
N+] NK] FRPELQHG GRXEOHILHOG >FRIUHTXHQF\
$ N+]ˇN+]  % N+]ˇN+]  & N+]
ˇ N+]  DQG GXDOIUHTXHQF\ $ ˇ % N+] ˇ
N+]  $ ˇ & N+] ˇ N+]  %ˇ & N+] ˇ
N+] @ DQG WKUHH ILHOGV >$ ˇ % ˇ &  N+] ˇ
N+] ˇ N+] @ DQG WKH XOWUDVRQLF ILHOG LV
SUHIHUUHG 7KH YLVFRVLW\ ORVV RI 3$0 LQ ZDWHU
GHJUDGHG E\ 2 XQGHU GLIIHUHQW VRXQG LQWHQVLW\ LV
VWXGLHG WR GHWHUPLQH WKH EHVW VRXQG LQWHQVLW\ 7KH
HIIHFWV RI 2 FRQFHQWUDWLRQ DQG WLPH RQ 3$0
GHJUDGDWLRQ ZHUH LQYHVWLJDWHG XQGHU WKH RSWLPDO
VRXQG ILHOG DQG LQWHQVLW\ FRQGLWLRQV DQG WKH
PHFKDQLVPRIXOWUDVRQLFHQKDQFHG2GHJUDGDWLRQRI
3$0LQVHZDJHLVGLVFXVVHG

$QDO\WLFDO 0HWKRG 7KH GHWHUPLQDWLRQ RI
3$0 LQ ZDWHU DGRSWV VWDUFK FDGPLXP LRGLGH
PHWKRG 7KH GHWHUPLQDWLRQ RI 2 LQ ZDWHU DGRSWV
LRGRPHWULF PHWKRG DQG WKHGHWHUPLQDWLRQRI2 LQ
WDLO JDV DGRSWV LQGLJR PHWKRG  32''3' PHWKRG
ZDVXVHGWRGHWHUPLQHK\GURJHQSHUR[LGH7KHS+
YDOXHLVGHWHUPLQHGE\S+PHWHU

'HILQLWLRQRI%HQFKPDUN&RQGLWLRQV,QWKH
H[SHULPHQWWDNHWKHRLOEHDULQJVHZDJHDIWHUVHWWOLQJ
WUHDWPHQWFRQWUROWKH2GRVDJHWREHPJ/WKH
VRXQG LQWHQVLW\ EH  : FP WKH ZDWHU
WHPSHUDWXUH EH ႏ DQG WKH UHDFWLRQ WLPH EH
PLQ 7KH GHJUDGDWLRQ RI 3$0 LQ VHZDJH PD\
UHVXOW LQ WKH FKDQJH RI 3$0 ZLWK PDFURPROHFXODU
FKDLQ LQWR 3$0 ZLWK VPDOO PROHFXOH DQG WKH
GHWHUPLQDWLRQRI3$0FRQWHQWLVPRUHFRPSOLFDWHG
&RQVLGHULQJ WKDW WKH PDLQ IDFWRU DIIHFWLQJ WKH
WUHDWPHQW SURFHVV LV WKH ODUJH YLVFRVLW\ RI ZDWHU
ERG\ DQG WKH UHODWLRQVKLS EHWZHHQ ZDWHU ERG\
YLVFRVLW\DQGSRO\PHUFRQFHQWUDWLRQZDVVWXGLHGDW
WKH EHJLQQLQJ RI WKH H[SHULPHQW WKHUH LV DQ
H[SRQHQWLDOUHODWLRQVKLSEHWZHHQWKHWZR%RWKWKH
SRO\PHU FRQWHQW DQG WKH ZDWHU ERG\ YLVFRVLW\ DUH
LQFUHDVLQJ,QWKLVSDSHULWLVIHDVLEOHWRFKDUDFWHUL]H
WKHFKDQJHRISRO\PHUFRQWHQWE\YLVFRVLW\FKDQJH
UDWHDQGFKDUDFWHUL]HWKHGHJUDGDWLRQHIIHFWRI3$0
LQZDWHUE\WKHIRUPXODYLVFRVLW\FKDQJHUDWH LQOHW
YLVFRVLW\HIIOXHQWYLVFRVLW\LQOHWYLVFRVLW\


5(68/76$1'',6&866,21

,QIOXHQFLQJ)DFWRUVRI8OWUDVRQLF(QKDQFHG
2 'HJUDGDWLRQ 2SWLPL]DWLRQ RI 8OWUDVRQLF
6RXQG)LHOG7KHGHJUDGDWLRQHIIHFWVRI3$0XQGHU
GLIIHUHQWIUHTXHQF\VLQJOHILHOGVDQGFRPELQHGILHOG
FRQGLWLRQV DUH FRPSDUHG 7KH UHVXOWV DUH VKRZQ LQ
)LJXUHDQG)LJXUH
$VFDQEHVHHQIURP)LJXUHXOWUDVRQLFVLQJOH
ILHOGV$%DQG&RIGLIIHUHQWIUHTXHQFLHVDOOSURPRWH

0$7(5,$/6$1'0(7+2'6

([SHULPHQWDO:DWHU'XULQJWKHH[SHULPHQW
WDNH WKH ZDWHU VDPSOHV IURP WKH VHWWOLQJ WDQN RI D
$63IORRGLQJRLO\VHZDJHVWDWLRQLQ'DTLQJRLOILHOG
ZLWK 3$0 FRQFHQWUDWLRQ RI aPJā/
YLVFRVLW\ RI aP3DāV ZDWHU WHPSHUDWXUH RI
ႏDYHUDJHRLOFRQWHQWLQZDWHURIPJā/DQG
S+YDOXHRIa

0DLQ 5HDJHQWV DQG ,QVWUXPHQWV 89
899LVLEOH6SHFWURSKRWRPHWHU6KDQJKDL3UHFLVLRQ
6FLHQWLILF ,QVWUXPHQW &R /WG2 LV SURGXFHG E\
SXUH R[\JHQ VRXUFH 2 JHQHUDWRU 13):
6KDQGRQJ /%2=21( SKRWRHOHFWULFLW\ (TXLSPHQW
&R/7'3+3UHFLVLRQ$FLGLPHWHU3+6'0RGHO
6KDQJKDL3UHFLVLRQ6FLHQWLILF,QVWUXPHQW&R/WG
8OWUDVRQLF SRZHU PHDVXULQJ LQVWUXPHQW +XLKRQJ
EUDQG ++  $OO DQDO\WLFDO UHDJHQWV XVHG DUH
$QDO\WLFDO5HDJHQW

([SHULPHQWDO 'HYLFHV DQG 0HWKRGV 7KH
PDLQ ERG\ RI WKH UHDFWRU LV D FXEH
PPîPPîPP  ZLWK D WRWDO YROXPH RI
PZKLFKLVPDGHRIVWDLQOHVVVWHHODQGDGRSWV
DQ RUWKRJRQDO XOWUDVRQLF V\VWHP 0HWDO SODWHV DUH
LQVWDOOHGDWWKHXSSHUORZHUDQGVLGHSDUWVZLWKWKH
XOWUDVRQLFWUDQVGXFHUVLQVWDOOHG7KHWUDQVGXFHUVDUH
UHVSHFWLYHO\ SURYLGHG E\ WZR XOWUDVRQLF HPLVVLRQ
VRXUFHV ZLWK IUHTXHQFLHV RI N+] N+] DQG
N+] 7KH VWUXFWXUH RI WKH GHYLFH LV VKRZQ LQ
)LJXUH2LVSUHSDUHGIURPSXUHR[\JHQDQGUDZ
ZDWHU LV GULYHQ E\ D PDJQHWLF SXPS WR HQWHU DQ
XOWUDVRQLFGHYLFHWKURXJKDWKHUPRVWDWLFEDWK ZLWK
WKH FRQWUROOHG WHPSHUDWXUH RI ႏ  2 SDVVHV
WKURXJKDUHOHDVHKHDGDWWKHERWWRPRIWKHUHDFWRUWR
IRUPWLQ\EXEEOHVWRFRQWDFW3$0DQG2WDLOJDVLV
DEVRUEHGE\.,


),*85(
([SHULPHQWDODSSDUDWXVIRUXOWUDVRQLF
FDWDO\]HG2R[LGDWLRQ
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7KH UHVXOWV RI )LJXUH  VKRZ WKDW WKH
GHJUDGDWLRQ HIIHFW RI 3$0 E\ GXDOIUHTXHQF\
RUWKRJRQDO GRXEOHILHOG LV EHWWHU WKDQ WKDW E\ WKH
VDPHIUHTXHQF\ RUWKRJRQDO GRXEOHILHOG DQG FDQ
REYLRXVO\ HQKDQFH WKH GHJUDGDWLRQ RI 3$0
0RUHRYHUWKHJUHDWHUWKHIUHTXHQF\GLIIHUHQFHWKH
EHWWHU WKH GHJUDGDWLRQ HIIHFW )URP WKH DFRXVWLFV
SRLQWRIYLHZWKHWRWDOFDYLWDWLRQLQWHQVLW\JHQHUDWHG
E\RUWKRJRQDOXOWUDVRXQGILHOGLVDOZD\VJUHDWHUWKDQ
WKH VXP RI WKH UDGLDWLRQ HIIHFWV RI HDFK EHDP RI
XOWUDVRXQGVHSDUDWHO\DQGWKHJUHDWHUWKHIUHTXHQF\
GLIIHUHQFHWKHOHVVVWDQGLQJZDYHLVJHQHUDWHGWKH
VWURQJHUWKHHQHUJ\SURYLGHGWKHVWURQJHUK\GUR[\O
UDGLFDOV JHQHUDWHG DQG WKH EHWWHU WKH GHJUDGDWLRQ
HIIHFW7KHUHVHDUFKUHVXOWVVKRZWKDWWKHHIILFLHQF\
RIVRXQGLQWHQVLW\DQGHQHUJ\FDQEHLPSURYHGXQGHU
PXOWLSOH ILHOGV 7KHUHIRUH WKUHH RWKHU WHVWV ZHUH
FRQGXFWHGGXULQJWKHWHVW>a@



FKDQJHUDWHRIYLVFRVLW\ 

FKDQJHUDWHRIYLVFRVLW\˄˅

3$0 GHJUDGDWLRQ LQ ZDWHU DQG WKH GHJUDGDWLRQ
HIIHFW LQFUHDVHV ZLWK WKH LQFUHDVH RI VLQJOH ILHOG
IUHTXHQF\ aN+] EXWWKHHIIHFWLVQRWREYLRXV
,W FDQ EH VHHQ WKDW XOWUDVRXQG KDV D FHUWDLQ
VWUHQJWKHQLQJ HIIHFW RQ 3$0 GHJUDGDWLRQ DQG WKH
GHJUDGDWLRQHIILFLHQF\LQFUHDVHVZLWKWKHLQFUHDVHRI
IUHTXHQF\7KLVLVEHFDXVHZLWKLQDFHUWDLQIUHTXHQF\
UDQJHZLWKWKHLQFUHDVHRIXOWUDVRQLFIUHTXHQF\WKH
YLEUDWLRQ PL[LQJ GHJUHH RI ZDWHU ERG\ LQFUHDVHV
WKXV SURPRWLQJ 2 GLVVROXWLRQ DQG PDVV WUDQVIHU
DFFHOHUDWLQJ2+JHQHUDWLRQDQGLWV\LHOGLQFUHDVHV
ZLWK WKH LQFUHDVH RIXOWUDVRQLF IUHTXHQF\3UHYLRXV
VWXGLHV KDYH VKRZQ WKDW KLJKIUHTXHQF\ XOWUDVRQLF
ZDYHLVKHOSIXOWRLPSURYHWKHR[LGDWLYHGHJUDGDWLRQ
UDWHRIR]RQH>@7KHGHJUDGDWLRQRI3$0LQZDWHU
E\XOWUDVRQLFVLQJOHILHOGHQKDQFHG2R[LGDWLRQDW
GLIIHUHQWIUHTXHQFLHVLQYHVWLJDWHGLQWKLVVWXG\VKRZV
WKDW WKH HQKDQFHG HIIHFW VOLJKWO\ LQFUHDVHVZLWK WKH
LQFUHDVH RI VLQJOHILHOG IUHTXHQF\ ZKLFK LV
FRQVLVWHQWZLWKWKHH[LVWLQJUHVHDUFK


.+]
.+]
.+]










:gFP
:gFP
:gFP
:gFP




















WLPH PLQ

















WLPH PLQ

),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQW
VLQJOHIUHTXHQF\LQWKHSURFHVVRIXOWUDVRXQG2
WRGHJUDGHWKHSRO\PHU


N+]
N+]
N+]
N+]
N+]
N+]
N+]

FKDQJHUDWHRIYLVFRVLW\ 































),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQWLQWHQVLW\LQ
WKHSURFHVVRIXOWUDVRXQG2
WRGHJUDGHWKHSRO\PHU

,QIOXHQFHRI8OWUDVRQLF,QWHQVLW\7KHHIIHFW
RIVRXQGLQWHQVLW\RQYLVFRVLW\ORVVDIWHU2R[LGDWLYH
GHJUDGDWLRQ RI 3$0 LQ ZDWHU XQGHU WKH DFWLRQ RI
RUWKRJRQDOWKUHHILHOGV $ˇ%ˇ& ZDVLQYHVWLJDWHG
H[SHULPHQWDOO\7KHUHVXOWVDUHVKRZQLQ)LJXUH
$VFDQEHVHHQIURP)LJXUHZLWKWKHVRXQG
LQWHQVLW\ LQFUHDVLQJ IURP  WR :āFP WKH
YLVFRVLW\ FKDQJH UDWH RI ZDWHU DIWHU XOWUDVRQLF
HQKDQFHG2R[LGDWLRQGHJUDGDWLRQRI3$0LQZDWHU
DOVRLQFUHDVHGIURPWR,WFDQEHVHHQ
WKDW WKH LQFUHDVH RI XOWUDVRQLF VRXQG LQWHQVLW\ LV
EHQHILFLDOWR3$0GHJUDGDWLRQEHFDXVHRQO\ZKHQ
WKH VRXQG LQWHQVLW\ UHDFKHV DERYH WKH FDYLWDWLRQ
WKUHVKROGFDQFDYLWDWLRQHIIHFWEHJHQHUDWHGDQGIRU
WKLV V\VWHP WKH XOWUDVRQLF FDYLWDWLRQ WKUHVKROG LV
:āFPEH\RQGZKLFKFKHPLFDOUHDFWLRQFDQEH
SURPRWHG FDYLWDWLRQ GHJUHH FDQ EH LQFUHDVHG DQG
WKH UDWH RI XOWUDVRQLF GHJUDGDWLRQ UHDFWLRQ FDQ EH
DFFHOHUDWHG>@ ,QFUHDVLQJ VRXQG LQWHQVLW\ LV
EHQHILFLDOWR3$0GHJUDGDWLRQEXWLWVKRXOGQRWEH
WRR KLJK 7KH UHVXOWV VKRZHG WKDW WKH YLVFRVLW\
FKDQJHUDWHEHWZHHQa:āFPUHDFKHG






 

WLPH PLQ


),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQWGXDODQG
WKUHHIUHTXHQFLHVLQWKHSURFHVVRIXOWUDVRXQG2
WRGHJUDGHWKHSRO\PHU
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FKDQJHUDWHRIYLVFRVLW\˄˅





























FRQFHQWUDWLRQRI2˄PJ/˅


),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQWR]RQHFRQFHQWUDWLRQLQWKHSURFHVVRIXOWUDVRXQG2
WRGHJUDGHWKHSRO\PHU


FKDQJHUDWHRIYLVFRVLW\ 























FRQFHQWUDWLRQRI2˄PJg/˅


),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQWR]RQHFRQFHQWUDWLRQXVLQJ2WRGHJUDGHWKHSRO\PHU

DQG WKH YLVFRVLW\ ORVW RQO\  EHWZHHQ
a:āFP7KH GHJUDGDWLRQ VSHHG KDV DQ
RSWLPDO VRXQG SRZHU YDOXH ZLWK WKH LQFUHDVH RI
VRXQGLQWHQVLW\:KHQH[FHHGLQJWKLVH[WUHPHYDOXH
WKHGHJUDGDWLRQVSHHGGHFUHDVHVZLWKWKHLQFUHDVHRI
LQWHQVLW\>@ DQG WKH HQHUJ\ ORVV LV REYLRXV 7KH
RSWLPDOVRXQGLQWHQVLW\RI:āFPLVGHWHUPLQHG
DVWKHRSWLPL]DWLRQUHVXOW

(IIHFWRI2&RQFHQWUDWLRQ7KHHIIHFWRI2
FRQFHQWUDWLRQ RQ 3$0 GHJUDGDWLRQ ZDV VWXGLHG E\
FRQWUROOLQJ RUWKRJRQDO WKUHH ILHOGV $ˇ%ˇ&  ZLWK
VRXQGLQWHQVLW\RI:āFP7KHUHVXOWVDUHVKRZQ
LQ)LJXUHVDQG
)URP)LJXUHDQG)LJXUHLWFDQEHVHHQWKDW
ZKHWKHU2R[LGDWLRQLVHQKDQFHGE\XOWUDVRXQGRU
2R[LGDWLRQDORQHWKHFKDQJHUDWHRIZDWHUYLVFRVLW\
LQFUHDVHV ZLWK WKH LQFUHDVH RI 2 GRVDJH 7KLV LV

EHFDXVH LQFUHDVLQJ 2 GRVDJH LV HTXLYDOHQW WR
LQFUHDVLQJ 2 FRQFHQWUDWLRQ LQ DTXHRXV VROXWLRQ
WKXV JHQHUDWLQJ PRUH 2+ ZKLFK LV EHQHILFLDO WR
3$0 GHJUDGDWLRQ>@ ZKLOH LQFUHDVLQJ 3$0
GHJUDGDWLRQ UDWH LQFUHDVHV YLVFRVLW\ FKDQJH UDWH
&RPSDUHG ZLWK WKH WZR XOWUDVRXQGHQKDQFHG 2
R[LGDWLRQ GHJUDGDWLRQ RI 3$0 LV PRUH HIILFLHQW
UHDFKLQJYLVFRVLW\FKDQJHUDWH7KHIRUPHU2
GRVDJH LV PJ/ ZKLOH WKH ODWWHU 2 SUHGLFWHG
GRVDJH LV  PJ/ ,W FDQ EH VHHQ WKDW WKH
LQWURGXFWLRQ RI XOWUDVRXQG SURPRWHV R]RQH
GLVVROXWLRQ DQG PDVV WUDQVIHU LQFUHDVHV R]RQH
GHFRPSRVLWLRQ UDWH DQG SURPRWHV SRO\PHU
GHJUDGDWLRQ %HVLGHV WKH LQFUHDVH RI YLVFRVLW\
FKDQJHUDWHLQWKHWHVWSURFHVVLVDOVRUHODWHGWRWKH
DONDOLQH S+ YDOXH RI WKH WHUQDU\ ZDWHU 3UHYLRXV
VWXGLHVKDYHVKRZQWKDWXQGHUWKHFRQGLWLRQRIKLJK
S+YDOXH DONDOHVFHQFH 
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2+LRQVH[LVWLQJLQWKHDTXHRXVVROXWLRQSURPRWH2
GHFRPSRVLWLRQWRSURGXFHKLJKO\DFWLYHā2+ZKLOH
IRU WKH $63 IORRGLQJ RLO\ VHZDJH WKH S+ YDOXH LV
VWDEOHEHWZHHQDQGZKLFKLVFRQGXFLYHWR
2GHFRPSRVLWLRQWRSURGXFHKLJKO\DFWLYHā2+$V
FDQ EH VHHQIURP )LJXUH ZKHQ2 FRQFHQWUDWLRQ
H[FHHGV PJ/ WKH FKDQJH UDWH RI YLVFRVLW\
EHFRPHVVPDOOHUDQGWHQGVWREHVWDEOHFRQVLGHULQJ
HFRQRPLFIDFWRUVLWLVUHFRPPHQGHGWRFRQWUROWKH
GRVDJHRI2DWVLWHDWPJ/

(IIHFWRI$FWXDWLRQ7LPH7KHHIIHFWRIDFWXD
WLRQ WLPH RQ 3$0 GHJUDGDWLRQ ZDV VWXGLHG E\
FRQWUROOLQJ RUWKRJRQDO WKUHH ILHOGV $ˇ%ˇ&  ZLWK
VRXQGLQWHQVLW\RI:āFP DQG2FRQFHQWUDWLRQ
RIPJ/7KHUHVXOWVDUHVKRZQLQ)LJXUH
$VFDQEHVHHQIURP)LJXUHWKHHIILFLHQF\RI
XOWUDVRXQGHQKDQFHG 2 GHJUDGDWLRQ RI 3$0
LQFUHDVHV ZLWK WLPH VR WKH YLVFRVLW\ FKDQJH UDWH
GHFUHDVHV ZLWK WLPH LQGLFDWLQJ WKDW WKH ORQJHU WKH
DFWXDWLRQWLPHWKHEHWWHUWKHGHJUDGDWLRQHIIHFWDQG
WKHJUHDWHUWKHYLVFRVLW\FKDQJHUDWH,WFDQEHVHHQ
IURP WKH ILJXUH WKDW WKH GHJUDGDWLRQ HIILFLHQF\ RI
XOWUDVRQLF HQKDQFHG 2 IRU 3$0 ZLWKLQ PLQ RI
UHDFWLRQWLPHLVVXIILFLHQWWRUHIOHFWWKHGHJUDGDWLRQ
UXOHDQGV\QHUJLVWLFHIIHFWDQGWKHYLVFRVLW\FKDQJH
LVQRWREYLRXVEH\RQGPLQVRWKHUHVLGHQFHWLPH
RI XOWUDVRQLF HQKDQFHG 2 R[LGDWLRQ UHDFWRU LV
PLQ


GHJUDGHG3$0LQPLQUHDFWLRQWLPHLVKLJKHUWKDQ
WKDW RI XOWUDVRQLF DORQH DQG 2 DORQH HYHQ 
KLJKHU WKDQ WKH VXP RI WKH WZR LQGLFDWLQJ WKDW
XOWUDVRQLFKDVDVWUHQJWKHQLQJHIIHFWRQ2R[LGDWLRQ
$IWHUPRUHWKDQPLQWKHYLVFRVLW\FKDQJHUDWHRI
WKH WKUHH GHJUDGHG 3$0 VOLJKWO\ LQFUHDVHG 7KH
R[LGDWLYH GHJUDGDWLRQ HIIHFW RI 2 JUDGXDOO\
LQFUHDVHG ZLWK WLPH ZKLOH WKH RWKHU WZR W\SHV RI
R[LGDWLRQ KDG QR REYLRXV HIIHFW RQ WKH YLVFRVLW\
FKDQJH (YHQ VR WKH YLVFRVLW\ FKDQJH DIWHU
GHJUDGDWLRQRI3$0E\2DORQHDIWHUKRXULVVWLOO
WKHVDPHDVWKDWZKHQ2R[LGDWLRQLVHQKDQFHGE\
XOWUDVRXQG IRU PLQ ,W FDQ EH VHHQ WKDW WKH
LQWURGXFWLRQ RI XOWUDVRXQG LQ 2 R[LGDWLRQ SURFHVV
SOD\VDUROHLQHQKDQFLQJ2R[LGDWLRQ


FKDQJHUDWHRIYLVFRVLW\˄˅









2
XOWUDVRQLF
XOWUDVRQLFHQKDQFHG2R[LGDWLRQ







     





















FKDQJHUDWHRIYLVFRVLW\˄˅

WLPH PLQ

),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQWFRPELQHG
XOWUDVRXQG2WRGHJUDGHWKHSRO\PHUSURFHVV






0HFKDQLVP RI 'HJUDGDWLRQ RI 3RO\PHUV E\
8OWUDVRXQG(QKDQFHG27KHUHDFWLRQEHWZHHQ2
DQG SRO\PHU LQ DTXHRXV VROXWLRQ LV YHU\
FRPSOLFDWHGLQYROYLQJWKHGLUHFWR[LGDWLRQEHWZHHQ
2 PROHFXOHV DQG RUJDQLF PDWWHUV DQG WKH LQGLUHFW
UHDFWLRQ EHWZHHQ  2+ JHQHUDWHG DIWHU 2
GHFRPSRVLWLRQ DQG SRO\PHU LQ ZDWHU 5HVHDUFK
VKRZVWKDW  2+ JHQHUDWHGE\2GHFRPSRVLWLRQLQ
DTXHRXVVROXWLRQKDVWKHIROORZLQJUHDFWLRQ>a@

+ 2 o 2+  +   


















WLPH PLQ


),*85(
&KDQJHUDWHRIYLVFRVLW\DWGLIIHUHQWDFWXDWLRQ
WLPHLQWKHSURFHVVRIXOWUDVRXQG2
WRGHJUDGHWKHSRO\PHU

(YDOXDWLRQ RI 6\QHUJLVWLF (IIHFW RI
8OWUDVRQLF (QKDQFHG 3$0 'XULQJ WKH
H[SHULPHQW WKH GRVDJH RI 2 ZDV FRQWUROOHG WR EH
PJ/WKHVRXQGLQWHQVLW\ZDV:āFPDQGWKH
UHDFWLRQWLPHZDVPLQ7KHYLVFRVLW\FKDQJHVRI
3$0ZDWHUGHJUDGHGE\2 DORQHXOWUDVRQLFDORQH
DQG XOWUDVRQLF2 FRPELQHG SURFHVV DW GLIIHUHQW
DFWXDWLRQ WLPHV ZHUH VWXGLHG UHVSHFWLYHO\ 7KH
UHVXOWVDUHVKRZQLQ)LJXUH
$VFDQEHVHHQIURP)LJXUHLQWKHXOWUDVRQLF
2 FRPELQHGSURFHVV WKHYLVFRVLW\ FKDQJH UDWH RI



2   2+  o +2   2    


+2   +  o +  2    




2   +2  o 2+  2   2    

8OWUDVRQLFZDYHLVLQWURGXFHGLQWKHSURFHVVRI
SRO\PHUE\2R[LGDWLYHGHJUDGDWLRQ,QDGGLWLRQWR
WKHDERYHUHDFWLRQWKHIROORZLQJUHDFWLRQZLOORFFXU
LQ WKH DTXHRXV VROXWLRQ 2 XQGHU WKH DFWLRQ RI
XOWUDVRQLFZDYH
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XOWUDVRXQG WR HQKDQFH 2 GHJUDGDWLRQ LV PDLQO\
PDQLIHVWHGLQWKHKLJKHQHUJ\FRQGLWLRQVJHQHUDWHG
E\FDYLWDWLRQHIIHFWRIXOWUDVRXQGZKLFKSURPSW2
WRGHFRPSRVHUDSLGO\DQGJHQHUDWHDODUJHDPRXQWRI
ā2+>@7KHUHIRUHā2+PD\EHWKHPDLQDFWLYH
VXEVWDQFH WR SURPRWH 3$0 GHJUDGDWLRQ FDXVHG E\
2GHFRPSRVLWLRQLQWKHDERYHV\VWHPV
$Vā2+LVYHU\DFWLYHDQGUHDFWVZLWKRUJDQLF
VXEVWDQFHVRURWKHUVXEVWDQFHVDWDYHU\IDVWUDWHLW
GLVDSSHDUV LQVWDQWO\ DIWHU EHLQJ JHQHUDWHG LQ
VROXWLRQ HVSHFLDOO\ ZKHQ WKHUH LV QR LGHDO
PHDVXUHPHQW PHWKRG IRU FRQWLQXRXV PRQLWRULQJ LQ
WKH UHDFWRU 7KHUHIRUH +2 LV PRQLWRUHG LQ WKH
UHDFWLRQSURFHVVLQWKLVSDSHUDQGWKHDFFXPXODWHG
DPRXQW RI +2 LQ WKH OLTXLG SKDVH FDQ LQGLUHFWO\
LQGLFDWH WKH JHQHUDWHG DPRXQW RI ā2+ LQ WKH
FDYLWDWLRQ EXEEOH JDV SKDVH DQG LWV JDVOLTXLG
LQWHUIDFH>@ )LJXUH  VKRZV WKH HYROXWLRQ RI
IRUPDWLRQFRQFHQWUDWLRQRYHUWLPHZLWKLQPLQLQ
GLIIHUHQWR[LGDWLRQSURFHVVHV




2   +  o +2     
2   2+ o +2    2    




2   2  o 2   2    


2   +  2 o 2+  +2   2    
2   +2   o 2+  2    
+2     2+ o +  2  2    
 2+  2+ o +  2    
2   +  2  o 2+  +2    2    

)URP WKH DERYH UHDFWLRQ LW FDQ EH VHHQ WKDW
+2 LV JHQHUDWHG LQ WKH R[LGDWLRQ SURFHVV RI 2
VWUHQJWKHQHG E\ XOWUDVRXQG DQG 2+ LV LQFUHDVHG
ZKLFK LV WKH PDLQ R[LGH RI R[LGDWLYH GHJUDGDWLRQ
SRO\PHU
,QRUGHUWRVWXG\WKHPHFKDQLVPRIGHJUDGDWLRQ
RI3$0E\XOWUDVRXQGHQKDQFHG2WKHUHVLGXDO2
LQ WKH V\VWHP DQG WKH DPRXQW RI WDLO JDV 2 LQ WKH
R[LGDWLRQ UHDFWLRQ RI 2 DORQH DQG XOWUDVRQLF
HQKDQFHG2ZHUH GHWHUPLQHG 7KH2GRVDJHZDV
PJ/WKHWKUHHILHOGVZHUHRUWKRJRQDOWKHVRXQG
LQWHQVLW\ZDV:āFPDQGWKHUHDFWLRQWLPHZDV
PLQ$PRQJWKHPWKH2FRQWHQWRIWDLOJDVZDV
GHWHUPLQHGE\LQGLJRPHWKRGDQGWKHUHPDLQLQJ2
FRQWHQW LQ ZDWHU ZDV GHWHUPLQHG E\ LRGRPHWULF
PHWKRG DQG WKH 2 XWLOL]DWLRQ HIILFLHQF\ ZDV
FDOFXODWHG,WVYDOXHLVHTXDOWR WRWDO2GRVDJH2
WDLO JDV TXDQWLW\UHPDLQLQJ 2 FRQWHQW LQ ZDWHU 
WRWDO2GRVDJH7KHUHVXOWVDUHVKRZQLQ7DEOH

7$%/(
5HVXOWVRIRUWKRJRQDO
WHVWRIFRPSRXQGIORFFXODQW
,WHP

2

7RWDORI2˄PJā/˅
5HVLGXHRI2LQZDWHU
DIWHUWKHHQG˄PJā/˅
5HVLGXHRI2LQDLUDIWHU
WKHHQG˄PJā/˅
8WLOL]DWLRQUDWHRI2˄
˅



XOWUDVRQLF
HQKDQFHG2














FRQFHQWUDWLRQRI+2˄PJg/˅



2
XOWUDVRQLF
XOWUDVRQLFHQKDQFHG2R[LGDWLRQ
























 

WLPH PLQ

),*85(
(YROXWLRQRIWKHFRQFHQWUDWLRQRI+2
IRUPDWLRQZLWKUHDFWLRQWLPHLQWKHGLIIHUHQW
SURFHVVHV

$V FDQ EH VHHQ IURP )LJXUH  XQGHU WKH
FRQGLWLRQVRIUHDFWLRQ WLPH RIPLQ DQG WKHVDPH
2GRVDJHWKHFRQFHQWUDWLRQVRI+2JHQHUDWHGLQ
XOWUDVRQLF 2 2 DORQH DQG XOWUDVRQLF R[LGDWLRQ
DORQH DUH PJ/ PJ/ DQG
PJ/ UHVSHFWLYHO\ DQG WKH FRQFHQWUDWLRQV
JUDGXDOO\ LQFUHDVH ,W FDQ EH VHHQ WKDW XOWUDVRQLF
LQWURGXFWLRQ HQKDQFHV +2 LQFUHDVHV ā2+
SURGXFWLRQ DQG LWV GHJUDGDWLRQ DELOLW\ LV DOVR
JUDGXDOO\ HQKDQFHG DQG WKH YLVFRVLW\ LV UDSLGO\
UHGXFHG7KLVLVFRQVLVWHQWZLWKSUHYLRXVVWXGLHV,Q
WKHXOWUDVRXQGHQKDQFHG2R[LGDWLRQV\VWHPXQGHU
WKHFRQGLWLRQVRIUHDFWLRQWHPSHUDWXUHႏLQLWLDO
S+  DQG LQLWLDO FRQFHQWUDWLRQ RI QLWUREHQ]HQH
UDZ ZDWHU ȝJ/ WKH XOWUDVRXQGHQKDQFHG 2
R[LGDWLRQ GHJUDGDWLRQ IROORZV WKH ā2+ R[LGDWLRQ
PHFKDQLVPLQFUHDVLQJWKHDPRXQWRILQLWLDWRUā2+
SHU XQLW WLPH WKXV DFFHOHUDWLQJ WKH GHJUDGDWLRQ
HIILFLHQF\RIQLWUREHQ]HQH>@


$VFDQEHVHHQIURP7DEOHWKHXWLOL]DWLRQUDWH
RI 2 E\ 2 R[LGDWLRQ DORQH DQG XOWUDVRQLF 2
V\VWHP LV  DQG  UHVSHFWLYHO\ 7KH
XWLOL]DWLRQUDWHRI2KDVLQFUHDVHGE\WLPHV7KH
LQWURGXFWLRQRIXOWUDVRQLFKDVVLJQLILFDQWO\LQFUHDVHG
WKH XWLOL]DWLRQ UDWH RI 2 7KH UHDFWLRQ RI 2 ZLWK
RUJDQLFDQGLQRUJDQLFVXEVWDQFHVLQDTXHRXVVROXWLRQ
LV GLUHFW PROHFXODU 2 UHDFWLRQ RU IUHH UDGLFDO
UHDFWLRQ 7KH IUHH UDGLFDO LV PDLQO\ ā2+ JHQHUDWHG
E\ 2 GHFRPSRVLWLRQ LQ ZDWHU &RPSDUHG ZLWK 2
ā2+KDVYHU\ORZVHOHFWLYLW\DQGFDQUHDFWZLWKPRVW
RUJDQLF PDWWHUV DW D UDWH PXFK KLJKHU WKDQ 2>@
6RPH VWXGLHV KDYH VKRZQ WKDW WKH DELOLW\ RI
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,W FDQ EH VHHQ WKDW WKH HQKDQFHPHQW RI 2
R[LGDWLRQ HIILFLHQF\ E\ XOWUDVRXQG LV ILUVWO\ WKDW
XOWUDVRXQG HQKDQFHV 2 PDVV WUDQVIHU ZKLFK LV
EHQHILFLDO WR WKH LQWHUDFWLRQ EHWZHHQ 2 DQG 3$0
DQG VHFRQGO\ SURPRWHV 2 GHFRPSRVLWLRQ
8OWUDVRXQGQRWRQO\PDNHVWKHV\VWHPEHQHILFLDOWR
+2SURGXFWLRQ EXW DOVR PDNHV WKH FRQFHQWUDWLRQ
RI 2+ LQ WKH ZKROH VROXWLRQ DQG WKH JDVOLTXLG
LQWHUIDFHRIFDYLWDWLRQEXEEOHVSRVVLEO\LQFUHDVHGXH
WRWKHH[LVWHQFHRI2WKXVLPSURYLQJ2XWLOL]DWLRQ
UDWH  7KH VHFRQG LV WKH S\URO\VLV RIZDWHU DQG2
ZKHQXOWUDVRQLFFDYLWDWLRQEXEEOHVEXUVW7KHUDGLFDO
FKDLQUHDFWLRQDWWKLVWLPHPD\DOVRSURYLGHRWKHU2
GHFRPSRVLWLRQ SDWKZD\V DQG D ODUJH DPRXQW RI
HOHFWURQGHILFLHQW VXEVWDQFHV LQ DTXHRXV VROXWLRQ
WKXV FRQWULEXWLQJ WR WKH V\QHUJLVWLF HIIHFW 7KLUGO\
WKUHH ILHOGV RI XOWUDVRXQG DUH DGRSWHG WR IRUP DQ
RUWKRJRQDO WKUHH ILHOGV DQG WKH LQWHUVHFWLRQ RI
DFRXVWLF ZDYHV HQVXUHV WKH IXOO XWLOL]DWLRQ RI
XOWUDVRQLF HQHUJ\ WKXV UHDOL]LQJ WKH HIILFLHQW
GHJUDGDWLRQRI3$0XQGHUWKHDFWLRQRIORZHUVRXQG
HQHUJ\
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 7KH HIIHFW RI XOWUDVRQLF HQKDQFHG 2
R[LGDWLRQRQGHJUDGDWLRQRI3$0LQ$63IORRGLQJ
RLO\ VHZDJH ZDV VWXGLHG 8QGHU WKH DFWLRQ RI
 .+]WKUHHILHOGVWKHXOWUDVRQLFLQWHQVLW\
ZDV FRQWUROOHG WR :āFP WKH 2 GRVDJH ZDV
PJ/ DQG WKH DFWXDWLRQ WLPH ZDV PLQ 7KH
YLVFRVLW\ FKDQJH UDWH DIWHU GHJUDGDWLRQ RI 3$0
FRXOGUHDFK
 8OWUDVRQLF HQKDQFHPHQW LV LQWURGXFHG LQWR
WKH R]RQH R[LGDWLRQ GHJUDGDWLRQ SURFHVV RI 3$0
ZKLFKSURGXFHVV\QHUJLVWLFHIIHFW%\LQFUHDVLQJWKH
QHXWUDOL]DWLRQ\LHOGRIWKHV\VWHP2FRQYHUVLRQUDWH
LQZDWHUERG\LVLQFUHDVHGWLPHVFRPSDUHGZLWK2
R[LGDWLRQDORQHZKLFKSURPRWHV3$0GHJUDGDWLRQ
VROYHV WKH SUREOHPV RI ORZ HIILFLHQF\ DQG KLJK
HQHUJ\ FRQVXPSWLRQ RI 2 DORQH DQG XOWUDVRXQG
DORQHDQGSURYLGHVVXSSRUWIRUWKHWUHDWPHQWRI$63
IORRGLQJRLO\VHZDJH


$&.12:/('*(0(176
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XUDO 6FLHQFH )RXQGDWLRQ RI &KLQD *UDQW 1RV
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help each industrial sector voluntarily reduce GHG
emissions.
In the general industrial sector, there are carbon
footprints under the “Environmental Product Declaration” and “Low Carbon Product Certification”. In the
agricultural sector, the “low carbon agricultural and
livestock product certification system” started a pilot
project in 2012 and has been conducting this project
since 2017. In the forestry sector, the “carbon storage
amount labeling system” began in 2017 [2-4]. In particular, the EPD is a certification system that evaluates the environmental impact of the entire process
to enhance the environmental properties of products
and services, and as of the end of November 2020,
1312 products of 264 companies are maintaining
certification [2]. Certified companies are making efforts to develop eco-friendly products that improve
the environmental quality of products and reduce
greenhouse gas emissions, and use them for marketing to induce consumers to choose eco-friendly
products.
Among them, electrical and electronic products are
representative products that consumers are easily
contacted with, and refrigerators, in particular, are
indispensable and important products in real life,
where the penetration rate reached 104% in 2013 [5].
However, there has been no EPD certification for
large home appliances including refrigerators since
2016 [2].
Although the large home appliance market is
growing steadily [6], there are not many studies that
quantitatively calculate the environmental load
caused by the manufacturing process of home appliances and the use of raw and subsidiary materials or
understand the environmental improvement effect.
In particular, as global warming accelerates, research
on refrigeration/freezer products is insufficient, even
though the products mostly used in daily life are
products of refrigeration/freezer.
Taeyoung Oh et al. [7] calculated the results of the
refrigerator manufacturing process, distribution, use,
and disposal stages, excluding data collection from suppliers, which is the pre-manufacturing stage, to find key
factors related to product design of eco-friendly refrigerators. Jaewoo Jeong et al. [8] conducted a study to
identify items to be considered when performing life
cycle evaluation for refrigerators, not performing LCA
for refrigerators. In addition, Heo Young-chae et al. [9]

ABSTRACT
Recently, the Korean government has announced that it is promoting the Green New Deal
policy aiming at carbon neutrality in 2050. Accordingly, studies on reducing GHG emissions are being
conducted for various products to reduce GHG emissions. However, it is difficult to find studies on
greenhouse gas emissions from large home appliances in Korea, especially refrigerator products.
In order to calculate the GHG emissions from
refrigerator products, the numbers have calculated
by applying the certification guideline for EPD of the
Ministry of Environment and UK's PAS 2050 methodology.
GHG emissions in the entire refrigerator process, according to the certification guideline for
EPD, were 17.2% in the pre-manufacturing stage
and 77.3% in the use stage, which were identified as
major issue stages. When comparing the results of
the GHG emission calculation, using the EPD guideline and the PAS 2050, a difference of about 20%
occurred due to the differences in the power emission and characterization factors.
In this study, GHG emissions from refrigerator
products have been calculated, and the results of analyzing the difference in GHG emissions, according
to two GHG emission methodologies, can be used as
data for achieving the GHG reduction and carbon
neutral goals of companies and products.
KEYWORDS:
Refrigerator, LCA, Carbon Footprint

INTRODUCTION
The world's major advanced countries are reinforcing efforts to respond to the climate crisis by declaring carbon neutrality and presenting the Green New
Deal as a low-carbon economy leading strategy, and the
Korean government recently announced that it will pursue the Green New Deal policy, aiming at carbon neutrality in 2050 [1]. Accordingly, many Korean companies are making efforts to reduce GHG emissions, and
the government is implementing various systems to
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conducted an environmental and cost-effective analysis
of the refrigerator disposal. Likewise, Shin Yujin [10]
applied the refrigerator case by utilizing the simplified
LCA methodology for evaluating the environmental
and economic feasibility of products.
In this study, for representative domestic refrigerator products, GHG emissions were calculated throughout the entire process, and furthermore, representative
domestic and overseas certification standards related to
GHG emissions were applied. We analyzed the results
arising from the difference in the GHG emission calculation criteria between the certification criteria and confirmed the direction of improvement of major issues
parts and materials.
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mass contribution' and '95% of the expected total
greenhouse gas emissions'.
TABLE 1
Product Specification
Category

Target product of LCA study

Product
(model)

refrigerator(J822SN35),

release date

April 2019

Dimension
(WxHxD)

912 x 1802 x 924 mm

Total capacity
MATERIALS AND METHODS

Weight

In this study, the GHG emissions in the entire process of refrigerator products were calculated using the
certification guideline for EPD of the Ministry of environment in Korea and the PAS2050 guidelines of the
British BSI [11-12] following the ISO 14040 and
14044 guidelines [13-14].
The LCI calculation tool used Total and ezEPD
developed by the Korea Environmental Industry &
Technology Institute to minimize the results arising
from differences in the LCI calculation tool [2].

824 L (refrigeration 457L,
freezing 367L)
172kg (Product 159kg, Packaging 13kg)

TABLE 2
Data collection
Coverage

Internal
Data

Goal and Scope of the Study. In this study, for
the entire process of refrigerators, GHG emissions
were calculated based on the certification guideline
for EPD of the Ministry of environment and the
PAS2050 guidelines of the British BSI.
First of all, as shown in Table 1, the product selection was chosen by a model that has been recently
produced, implements many functions, and has a
large sales volume. And the functional unit is a 7year use of a refrigerator that provides food storage
and drinking water and ice.
As shown in Table 2, Data quality requirements
were set in temporal, technical and spatial ranges,
and the LCI database of the Ministry of Environment
and Ministry of Trade, Industry and Energy was used
as a basic database for upstream and downstream
[15-16]. If there is no DB of Ministry of Environment
and Ministry of Trade, Industry and Energy, DB, such
as Ecoinvent, was used.
The system boundary is shown in Figure 1. The
difference between the certification guideline for
EPD of the Ministry of environment and BSI's
PAS2050 guideline is whether on-site data is collected for primary suppliers at the pre-manufacturing
stage and transportation data for each stage. The second difference is that the criteria for collecting data
on raw and subsidiary materials are '95% cumulative

External
Data

Description
Time

2019

Geology

Korea

Technology

Best available assembly
process technology

Time

Recent LCI database

Geology
Technology

LCI DB developed by
ecoinvent (International
average)
Data from similar technology

Data collection and calculation. Pre-manufacturing stage. In the pre-manufacturing stage, data
collection and calculation, according to the certification guideline for EPD of the Ministry of environment, collected material information on parts were
corresponding to 95% of the cumulative mass contribution of the product. And the data collection of
primary suppliers and transport from suppliers to the
manufacturing stage were excluded.
On the other hand, as shown in Table 3, data
collection and calculation, according to the
PAS2050 guidelines of BSI, collected on-site data
for primary suppliers with a contribution of 10% or
more of the expected greenhouse gas emissions at
the pre-manufacturing and manufacturing stages,
and transportation from the corresponding primary
suppliers to the manufacturing stage have been collected.
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FIGURE 1
System Boundary for Refrigerator
TABLE 3
Contribution of greenhouse gas emissions by PAS2050
Stages
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg
Pre-Mfg

Parts
Plate Assembly,Cabinet
Door Assembly,Refrigerator
Door Assembly,Freezer
Parts Assembly,Case Foam
Compressor,Set Assembly
Case,Refrigerator(Inner)
Case,Freezer(Inner)
Plate Assembly,Lower
Tray Assembly,Drawer
Grille Assembly,Fan
PCB Assembly,Main
Case Assembly,Home Bar
Motor,AC
Plate Assembly,Bottom
Plate Assembly,Rear
Tank Assembly,Water
Cycle Assembly,Semi
Tray Assembly,Magic Room
Basket Assembly,Door
Bucket Assembly,Ice
Cover Assembly,TV
Evaporator Assembly
Base Assembly,Compressor
Shelf Assembly,Refrigerator
Duct Assembly,Multi
Plate,Center
Cover Assembly,Machinery(Rear)
Cover Assembly,Tray
Filter Assembly,Water
Tray Assembly,Vegetable
Case Assembly,PCB
Basket,Door
Cover Assembly,PCB
Damper,Noise
Base,Plate
Box,Graphic
Manual Assembly,Owners
Packing,Sheet
Packing,Shelf
Packing,Upper
Mfg
Total

3498

Contribution (%)
13.0%
11.8%
9.4%
7.0%
6.1%
5.8%
4.5%
4.3%
2.2%
1.7%
1.7%
1.5%
1.5%
1.5%
1.5%
1.3%
1.2%
1.2%
1.1%
1.1%
1.1%
1.1%
1.0%
0.9%
0.8%
0.8%
0.7%
0.7%
0.7%
0.7%
0.4%
0.3%
0.3%
0.1%
0.1%
0.1%
0.0%
0.0%
0.0%
0.0%
11.0%
100.0%
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FIGURE 2
Manufacturing Process for Refrigerator.
Manufacturing stage. The Manufacturing Process for Refrigerator is shown in Figure 2. The manufacturing stage included the process of pre-assembling
the parts produced in the pre-manufacturing stage, the
process of foaming the polyurethane foam, and the process of assembling the rest of the parts, product inspection, and packing and shipping the final product.

entire process of a product or system. In this study,
the GHG emissions in the entire process were calculated by applying the certification guideline for EPD
of the Ministry of Environment and the PAS 2050
standard of the BSI.
The selection of a characterization factor (CF)
is important for the calculation of GHG emissions in
the entire process of a product. The certification
guideline for EPD of the Ministry of Environment
used the GWP 100a value announced in 1996 by the
IPCC, and the PAS 2050 standard of the BSI used
the GWP 100a value published in 2006 by the IPCC
[17-18].
In addition, in the use stage, the certification
guideline for EPD of the Ministry of Environment
applied the carbon emission factor of 0.495
kgCO2eq/kWh from the national LCI database, and
the PAS2050 standard used 0.608 kgCO2eq/kWh of
the national electricity emission factor published in
IAEA.
As shown in Table 4, GHG emissions in the entire refrigerator process according to the certification
guideline for EPD by the Ministry of Environment
were 17.2% in the pre-manufacturing stage and
77.3% in the use stage, and both stages were identified as major issue stages.
As such, the difference in total GHG emissions
between the two cases is 379.1 kgCO2eq/ea, showing a difference of about 20%. This is the result of
reflecting all the differences between on-site data
collection and transportation data collection for primary suppliers in the pre-manufacturing stage, as
confirmed earlier in the data collection section.

Distribution Stage. Distribution was calculated
based on the distance by region (EPD, 2019), including
land transportation by truck and sea transportation to
Jeju Island, based on the region where the delivered
product is sold to consumers.
Use stage. As for the use stage, since there is
no separate scenario related to the use stage of the
PAS2050 standard, the use scenario of the certification guideline for EPD of the Ministry of environment was applied, and the total electricity consumed
by the consumer during the life of the product was
calculated.
Disposal stage. The disposal stage was calculated by considering the items to be recycled, incinerated or landfilled by material, by applying the disposal
scenario and disposal data of the certification guideline
for EPD of the Ministry of environment.
RESULTS
Life cycle impact assessment (LCIA). Life
cycle impact assessment is for quantifing the magnitude of the environmental impact that occurs in the

Type
KEITI Certification
Guideline for
EPD
BSI PAS 2050

TABLE 4
Comparison of Carbon footprint of this study with the past models
Mfg
(including DisUse
unit
Total
Pre-Mfg
tribution)
1872.02
322.41
24.24
1447.30
kgCO2eq/ea
kgCO2eq/ea

EoL
78.08

100%

17.2%

1.3%

77.3%

4.2%

2251.15
100%

356.85
15.9%

41.67
1.9%

1783.06
79.2%

69.56
3.1%
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TABLE 5
Comparison of Carbon footprint of this study with the past models
Mfg
Use
(including Disunit
Total
Pre-Mfg
tribution)
1872.02
322.41
24.24
1447.30
kgCO2eq/ea
100%
17.2%
1.3%
77.3%
1831.11
375.38
34.48
1351.49
kgCO2eq/ea
100%
20.5%
1.9%
73.8%

In detail, the difference between GHG emissions using the certification guideline for EPD by
Ministry of Environment and the British BSI's PAS
2050 is 17.9% at the stage of use, due to the difference in the power emission factor whereas the difference by the IPCC coefficient is 2.6%. Finally, the
difference in field data collection and transportation
in the pre-manufacturing stage was analyzed to be
0.3%.

EoL
78.08
4.2%
69.76
3.8%

CONCLUSIONS
In this study, the GHG emissions of refrigerator
products were calculated using the life cycle evaluation technique, and the following conclusions were
drawn.
As a result of calculating the GHG emissions of
refrigerator products, the total GHG emission, according to the certification guidelines for EPD of the
Ministry of Environment, was found out to be
1872.02 kgCO2/ea. In addition, the total GHG emissions according to the BSI's PAS 2050 standard was
2251.15 kgCO2/ea, which was about 20% difference.
It was confirmed that the main cause was the difference in the power emission factor and the characterization factor (CF).
As a result of comparative analysis with past
certification cases to confirm the adequacy of this
study, the total GHG emission was 1872.02
kgCO2/ea, according to the certification guideline
for EPD by the Ministry of Environment, and the average value of past certification cases was 1831.11
kgCO2/ea. The difference was shown to be about
2.2% and confirmed that the calculation result of this
study was appropriate.
It was found out that 77.3 ~ 79.2% of greenhouse gas emissions from refrigerators are generated
in the use stage. This has a very important effect on
the GHG emissions, which are caused by electricity
and generated by consumers using refrigerator products. Research on GHG emissions in the entire process, due to differences in power emission factors
and characterization factors (CF) will be the main issue. In the future, it will be helpful to stay in accordance with the increase requirements for calculation
of GHG emissions of products and certification requirements in the international community, and it is
expected to contribute to research to reduce GHG
emissions.

Checking the appropriateness of the calculation results. To confirm the appropriateness of the
results of this study, we compared/analyzed the results of this study with cases that were certified by
LG Electronics, Samsung Electronics and Daewoo
Electronics from 2012 to 2016 in relation to refrigerators which got EPD certification. As shown in Table 5, When the average value certified from 2012 to
2016 was compared with the result of calculating the
GHG emissions of this study, the difference was
about 2.2% different from the average value of this
study result and past certification models.
Also, in both cases, the environmental impact
at the use stage accounts for 77.3% and 73.8% of the
total environmental impact, indicating that the environmental impact at the use stage is the greatest.
Compared with the average value of past certification models, the results of this study showed less
environmental impact at the pre-production stage.
The reason is that the environmental impact is reduced compared to previous models because the
amount of plastic used has increased by replacing
metal. In addition, in the manufacturing stage, reduction in power consumption due to improved process
efficiency, compared to previous models is identified as the main reason for reducing environmental
impact.
However, the environmental impact of the use
stage was slightly increased in the results of this
study compared to the past model. It is believed that
the product of this study contains various functions
(beverage and ice provision) compared to existing
models, resulting in poor results in terms of power
consumption. Finally, the disposal stage replaced
metal as the cause identified in the pre-manufacturing stage, and as the use of plastic increased, the recycling rate of plastic was rather lower than that of
metal, resulting in poor environmental impact.
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678'<217+(,1),/75$7,21$1'35$&7,&(2)
(19,5210(17$/3527(&7,21,1(1*/,6+7($&+,1* 

=KHQ=HQJ 

&ROOHJHRI)RUHLJQ/DQJXDJHV&LYLO$YLDWLRQ)OLJKW8QLYHUVLW\RI&KLQD*XDQJKDQ&KLQD



$%675$&7

7KLVVWXG\DGRSWVERWKTXDOLWDWLYHDQGTXDQWL
WDWLYHPHDQVIRUGDWDFROOHFWLRQDQGFRQWHQWDQDO\VLV
RIFXUUHQWHQYLURQPHQWDOSURWHFWLRQGHYHORSPHQWVLQ
WKLV UHJDUGV 7KHUHIRUH WKH VWXG\ DLPV WR GLVFXVV
SUDFWLFHVDQGFRQWULEXWLRQV&KLQDKDVPDGHFRQFHUQ
LQJWKHHQYLURQPHQWDOSURWHFWLRQ,WSXWVIRUZDUGWKH
DQDO\VLVRIHQYLURQPHQWDOSURWHFWLRQDQGJRYHUQDQFH
LQWKHFRQWH[WRIHFRORJLFDOFLYLOL]DWLRQFRQVWUXFWLRQ
PDLQO\HODERUDWLQJIURPWKHIROORZLQJDVSHFWVLP
SURYLQJWKHFLW\¶VHQYLURQPHQWDOPDQDJHPHQWPHFK
DQLVP LPSURYLQJ WKH FLW\ V HQYLURQPHQWDO VXSHUYL
VLRQ PHFKDQLVP DQG LPSURYLQJ WKH HQYLURQPHQWDO
SURWHFWLRQ RI FROOHJH VWXGHQWV DZDUHQHVV DQG LQ
FUHDVHLQYHVWPHQWLQHQYLURQPHQWDOSURWHFWLRQZRUN
VWUHQJWKHQDLUSROOXWLRQFRQWUROZDWHUSROOXWLRQFRQ
WURO QRLVH SROOXWLRQ FRQWURO DQG VROLG ZDVWH WUHDW
PHQW7KHSDSHUFRQFOXGHVE\VXJJHVWLQJWKDW&KLQD
VKRXOGDFWLYHO\SDUWLFLSDWHLQHQYLURQPHQWDOSURWHF
WLRQZRUNWRLPSURYHODZVJRYHUQLQJWKHHFRORJLFDO
HQYLURQPHQWSURWHFWLRQREOLJDWLRQVRQ&KLQHVHDQG
IRUHLJQHQWHUSULVHVLQRUGHUWRSURYLGHDOHJDOEDVLV
IRUWKHHFRORJLFDOHQYLURQPHQWSURWHFWLRQRI&KLQD 



$W SUHVHQW HQYLURQPHQWDO SROOXWLRQ LV PDLQO\
UHIOHFWHGLQWKHIROORZLQJDVSHFWV)LUVWDWPRVSKHULF
SROOXWLRQ HVSHFLDOO\ LQ ILUVWWLHU FLWLHV VXFK DV %HL
MLQJ LV YHU\ VHULRXV PDLQO\ FDXVHG E\ DXWRPRELOH
H[KDXVWVHFRQGZDWHUSROOXWLRQWKHHVWDEOLVKPHQW
RI PRUH DQG PRUH IDFWRULHV $V D UHVXOW WKH GLV
FKDUJHG ZDVWHZDWHU KDV LQFUHDVHG VKDUSO\ DQG WKH
GLVFKDUJHRIZDVWHZDWHUIURPVRPHIDFWRULHVKDVQRW
UHDFKHGWKHVWDQGDUGFDXVLQJVHULRXVSROOXWLRQWRWKH
ZDWHUERG\7KLUGQRLVHSROOXWLRQWKHQRLVHJHQHU
DWHG E\ SHRSOH LQ FRQVWUXFWLRQ WUDQVSRUWDWLRQ DQG
RWKHU DFWLYLWLHV WR KXPDQ DQG DQLPDO KHDULQJ 7KH
QHUYRXVV\VWHPDQGRWKHUDVSHFWVKDYHFDXVHGFHU
WDLQGDPDJHIRXUWKWKHUHVRXUFHDOORFDWLRQDQGXWL
OL]DWLRQRIVROLGZDVWHDUHXQUHDVRQDEOHWKHGHPDQG
IRUQRQUHQHZDEOHUHVRXUFHVVXFKDVRLOLVKXJHVH
ULRXV ORVVHV KDYH RFFXUUHG ODQG UHVRXUFHV DUH DOVR
YHU\WLJKWDQGWKHVROLGZDVWHJHQHUDWHGLVQRWUHD
VRQDEOH7KHXVHRIKDVFDXVHGDFHUWDLQZDVWHRIUH
VRXUFHV>@
&KLQD¶V GHYHORSPHQW SDWWHUQ FKDUDFWHUL]HGE\
³WUHDWPHQW DIWHU SROOXWLRQ´ DQG ³KLJK FDSLWDO LQSXW
DQGUHVRXUFHFRQVXPSWLRQ´KDVFDXVHG&KLQDWRSD\
D KHDY\ HQYLURQPHQW DQG UHVRXUFH FRVW >@
&KLQD¶VWK)LYH<HDU3ODQIRU(FRORJLFDO(QYLURQ
PHQWDO 3URWHFWLRQ LQ  DQG WKH WK 1DWLRQDO
&RQJUHVV 5HSRUWV LQ  KDYH UHSHDWHGO\ HPSKD
VL]HGWKHLPSOHPHQWDWLRQRIWKHPRVWVWULQJHQWHFR
ORJLFDO HQYLURQPHQWDO SURWHFWLRQ LQVWLWXWLRQ WR SUH
YHQWDQGFRQWUROWKHLQFUHDVLQJO\VHULRXVHFRORJLFDO
DQGHQYLURQPHQWDOSUREOHPV>@$VHULHVRIOHJ
LVODWLRQV UHJXODWLRQV SODQV DQG SROLFLHV UHODWHG WR
HQYLURQPHQWDOSURWHFWLRQKDYHEHHQHQDFWHGZLWKD
FRPELQDWLRQRIYDULRXVW\SHVRIHQYLURQPHQWDOPDQ
DJHPHQW WRROV LQFOXGLQJ FRPPDQG FRQWURO PDUNHW
LQFHQWLYH DQG SXEOLF SDUWLFLSDWLRQ >@ ZKLFK
JUDGXDOO\IRUPVDUHODWLYHO\FRPSOHWHHQYLURQPHQWDO
SURWHFWLRQLQVWLWXWLRQDOV\VWHP (3,6 >@


0$7(5,$/6$1'0(7+2'6

5HVHDUFK PHWKRGV 5HVHDUFK DQG DQDO\VLV LV
FRQGXFWHG WKURXJK TXHVWLRQQDLUHV WKH WHOHRORJLFDO
PHWKRGDQGWKHV\VWHPDWLFPHWKRG





.(<:25'6
&KLQD (FRORJLFDO (QYLURQPHQWDO SURWHFWLRQ 5HVRXUFHV
H[SORUDWLRQ 



,1752'8&7,21

$WSUHVHQWLQRUGHUWRSXUVXHHFRQRPLFGHYHO
RSPHQWKXPDQVKDYHFDXVHGJUHDWGDPDJHWRWKHHQ
YLURQPHQWZKLFKKDVIDUH[FHHGHGWKHQDWXUDOUHJX
ODWLRQDELOLW\$WPRVSKHULFSROOXWLRQZDWHUSROOXWLRQ
VRLOSROOXWLRQDQGQRLVHSROOXWLRQDUHPRUHDQGPRUH
SKHQRPHQDDQGXUEDQHQYLURQPHQWDOSUREOHPVJHW
WLQJ PRUH VHULRXV 7KHUHIRUH SHRSOH LQFUHDVLQJO\
UHFRJQL]H WKH LPSRUWDQFH RI HFRORJLFDO FLYLOL]DWLRQ
FRQVWUXFWLRQ(FRORJLFDOFLYLOL]DWLRQZKLFKZDVSUR
SRVHGE\WKHSDUW\LQWKHUHSRUWRIWKHWK1DWLRQDO
&RQJUHVVRIWKH&RPPXQLVW3DUW\RI&KLQDUHIHUVWR
WKHVXPRIWKHDFKLHYHPHQWVRIVSLULWXDOFLYLOL]DWLRQ
PDWHULDO FLYLOL]DWLRQ DQG V\VWHP DFKLHYHG E\ PDQ
NLQGLQRUGHUWRSURWHFWDQGEXLOGDEHDXWLIXOHFRORJ
LFDOHQYLURQPHQW,WFDQUHIOHFWWKHSURJUHVVRIFLYL
OL]DWLRQLQKXPDQVRFLHW\>@
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:LWKWKHFRQWLQXRXVGHYHORSPHQWRIXUEDQWUDQVSRU
WDWLRQWKHIORZRIYHKLFOHVLVJHWWLQJODUJHUDQGODUJHU
DQGWKHH[KDXVWJDVHPLWWHGE\YHKLFOHVKDVFDXVHG
VHULRXVSROOXWLRQWRWKHDWPRVSKHUH,QDGGLWLRQWKH
JDVHPLWWHGE\VRPHFRDOSODQWVDQGFKHPLFDOSODQWV
KDVFDXVHGDODUJHDPRXQWRIVXVSHQGHGSDUWLFOHVLQ
WKH DWPRVSKHUH DQG FDXVHG WKH RFFXUUHQFH RI DFLG
UDLQ7KHVHSROOXWLRQVKDYHVHULRXVO\DIIHFWHGWKHDLU
TXDOLW\RIFLWLHV7RVROYHWKHVHSUREOHPVLWLVQHFHV
VDU\ WR FKDQJH WKH WUDGLWLRQDO FRPEXVWLRQ PHWKRG
DQGXVHFOHDQHQHUJ\VXFKDVVRODUHQHUJ\DQGQDWXUDO
JDV,QWKLVZD\WKHJHQHUDWLRQRIVXVSHQGHGSDUWL
FOHVDQG62LQWKHDLUFDQEHUHGXFHG,QDGGLWLRQ
IRUHQWHUSULVHVHQJDJHGLQLQGXVWULDOSURGXFWLRQLWLV
QHFHVVDU\WRDFFHOHUDWHWKHWUDQVIRUPDWLRQDQGXS

5(68/76 

6WUHQJWKHQWKHWUHDWPHQWRIDLUSROOXWLRQ$W
SUHVHQW DPRQJ XUEDQ HQYLURQPHQWDO SROOXWLRQ DLU
SROOXWLRQLVYHU\SURPLQHQW7KHUHIRUHLI\RXZDQW
WR GR D JRRG MRE LQ HQYLURQPHQWDO SURWHFWLRQ DQG
JRYHUQDQFHRIWKHFLW\\RXPXVWVROYHWKHSUREOHP
RIDLUSROOXWLRQLQDWDUJHWHGPDQQHUDFFRUGLQJWRWKH
DFWXDOVLWXDWLRQRIWKHFLW\LQRUGHUWRDFKLHYHVXV
WDLQDEOHGHYHORSPHQWRIWKHFLW\)URPWKHDQDO\VLV
UHVXOWVRIDWPRVSKHULFSROOXWLRQVRXUFHVRQWKHRQH
KDQG WKHUH DUH PDQ\ IDFWRULHV LQ VRPH UHODWLYHO\
EDFNZDUG XUEDQ DUHDV 7KHUHIRUH WKHVH DUHDV DUH
PDLQO\FDXVHGE\WKHH[KDXVWJDVHPLWWHGE\IDFWR
ULHVWKDWFDXVHVHULRXVSROOXWLRQWRWKHDWPRVSKHUH


),*85(
&RQWRXU3ORWRI:3 ELOOLRQW YV&% 


),*85(
&RQWRXU3ORWRI:3 ELOOLRQW YV'% 
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),*85(
'LVWULEXWLRQ3ORW

JUDGLQJ DGMXVW WKH OD\RXW RI WKH HQWHUSULVH DGRSW
YDULRXV DGYDQFHG WUHDWPHQW WHFKQRORJLHV DQG FRQ
YHUW WKH JHQHUDWHG ZDVWH JDV LQWR XVDEOH UHVRXUFHV
$WWKHVDPHWLPHZHPXVWFRQWUROWKHHPLVVLRQVRI
DXWRPRELOH H[KDXVW DQG LQFUHDVH WKH JUHHQ DUHD RI
WKHFLW\

6WUHQJWKHQWKHWUHDWPHQWRIZDWHUSROOXWLRQ
&KLQD V ZDWHU SROOXWLRQ LV YHU\ VHULRXV ZKLFK ZLOO
GLUHFWO\DIIHFWWKHTXDOLW\RIFLWL]HQV GRPHVWLFZDWHU
$FFRUGLQJWRWKHGDWDLVWKH\HDUZLWKWKHKLJK
HVWZDVWHZDWHUSURGXFWLRQ :3 LQ&KLQDLQUHFHQW
\HDUVUHDFKLQJELOOLRQWRQV,WEHJDQWRGHFOLQH
LQ  ,Q  WKH ZDVWHZDWHU GLVFKDUJH ZDV
 ELOOLRQ WRQV )LJ WR   RI ZKLFK LQGXVWULDO
ZDVWHZDWHU GLVFKDUJH ZDV  ELOOLRQ WRQV DF
FRXQWLQJIRUWKHWRWDOGLVFKDUJH7KHDPRXQWRIXUEDQ
VHZDJHLVELOOLRQWRQVDFFRXQWLQJIRU
RIWKHWRWDOGLVFKDUJH,QWKHWRWDOZDVWHZDWHU
GLVFKDUJH ZLOO UHDFK  ELOOLRQ WRQV$W SUHVHQW
WKHSURSRUWLRQRIXUEDQGRPHVWLFVHZDJHLQ&KLQDLV
LQFUHDVLQJ \HDU E\ \HDU DQG KDV EHFRPH WKH PDLQ
VRXUFHRIVHZDJH
7KHUHIRUHWKHWUHDWPHQWRIXUEDQVHZDJHLVLP
PLQHQW 7KLV UHTXLUHV UHYLHZLQJ DQG DQDO\]LQJ WKH
VRXUFHRIXUEDQVHZDJHDQGJUDVSLQJWKHSROOXWLRQRI
ZDWHUUHVRXUFHVLQWKHFLW\VRWKDWVFLHQWLILFDQGUHD
VRQDEOHFRQWUROPHDVXUHVFDQEHIRUPXODWHGLQDWDU
JHWHG PDQQHU$W WKH VDPH WLPH LW LV QHFHVVDU\ WR
FKDQJH WKH WUDGLWLRQDO ZDWHU SROOXWLRQ WUHDWPHQW
PHWKRGVDGRSWDGYDQFHGWHFKQLFDOPHDQVLPSURYH
WKHOHYHORIVHZDJHWUHDWPHQWDQGGRDJRRGMRERI
SURWHFWLRQDQGXWLOL]DWLRQRIZDWHUUHVRXUFHV



$VRIWKHQXPEHURIXUEDQVHZDJHWUHDW
PHQWSODQWVLQWKHFRXQWU\ZDVZLWKDVHZDJH
WUHDWPHQW FDSDFLW\ RI  PLOOLRQ FXELF PHWHUV
SHUGD\ )LJDQG WKHQXPEHURIFRXQW\VHZDJH
WUHDWPHQW SODQWV LQ WKH FRXQWU\ ZDV  DQG WKH
VHZDJHWUHDWPHQWFDSDFLW\ZDVPLOOLRQFXELF
PHWHUVSHUGD\,QWKHQDWLRQDOXUEDQVHZDJH
GLVFKDUJHDPRXQWHGWRPLOOLRQFXELFPH
WHUV WKH DQQXDO VHZDJH WUHDWPHQW DPRXQW ZDV
PLOOLRQFXELFPHWHUVDQGWKHVHZDJHWUHDW
PHQWUDWHZDVWKHQDWLRQDOFRXQW\VHZDJH
GLVFKDUJHDPRXQWZDVPLOOLRQFXELFPHWHUV
DQG WKH DQQXDO VHZDJH WUHDWPHQW DPRXQW ZDV
PLOOLRQFXELFPHWHUV7KHVHZDJHWUHDWPHQW
UDWHLV,QWKHIL[HGDVVHWLQYHVWPHQWRI
XUEDQVHZDJHWUHDWPHQWDQGUHF\FOLQJLQ&KLQDZDV
 ELOOLRQ \XDQ DQG WKH WUHDWPHQW FDSDFLW\ RI
VHZDJHWUHDWPHQWSODQWVZDVLQFUHDVHGE\PLO
OLRQFXELFPHWHUVSHUGD\WKHIL[HGDVVHWLQYHVWPHQW
RIVHZDJHWUHDWPHQWDQGUHF\FOLQJLQFRXQWLHVLQWKH
FRXQWU\ZDVELOOLRQ\XDQWKHWUHDWPHQWFDSDF
LW\RIWKHVHZDJHWUHDWPHQWSODQWLQFUHDVHGE\
PLOOLRQFXELFPHWHUVSHUGD\
:LWKWKHFRQWLQXRXVDGYDQFHPHQWRIXUEDQLQ
WHJUDWLRQ QRLVH SROOXWLRQ LV EHFRPLQJ PRUH DQG
PRUH VHULRXV ,QGXVWULDO QRLVH FRQVWUXFWLRQ QRLVH
DQGVRFLDOQRLVHDOOKDYHDQHJDWLYHLPSDFWRQSHR
SOH VOLYHV)RUH[DPSOHQRLVHSROOXWLRQZLOOGDPDJH
SHRSOH V KHDULQJ PHPRU\ DQG LQWHUQDO RUJDQV DQG
HYHQFDXVHDVHULHVRISK\VLRORJLFDODQGSDWKRORJLFDO
FKDQJHVLQWKHKXPDQERG\,QDGGLWLRQDQLPDOVLQ
VWUXPHQWVDQGEXLOGLQJVDUHDOVRDIIHFWHGE\QRLVH
7KHUHIRUH WR H[SDQG WKH SODQWLQJ DUHD RI JUHHQ
SODQWVQRWRQO\FDQWKHDLUEHSXULILHGEXWDOVRLWLV
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YHU\HIIHFWLYHIRUUHGXFLQJWKHSURSDJDWLRQRIQRLVH
$WWKHVDPHWLPHDODUJHQXPEHURIQRLVHLVRODWLRQ
EHOWVFDQEHVHWRQWKHURDGVLGHWRUHGXFHWKHLPSDFW
RIQRLVHRQSHRSOH

6WUHQJWKHQWKHWUHDWPHQWRIVROLGZDVWH7KH
FLW\ VVROLGZDVWHVPDLQO\LQFOXGHGRPHVWLFJDUEDJH
XUEDQ FRQVWUXFWLRQ UHVLGXHV DQG FRPPHUFLDO VROLG
ZDVWHV7KHVHVROLGZDVWHVFDXVHVHULRXVKDUPWRWKH
DWPRVSKHUH VRLO DQG ZDWHU 7KHUHIRUH ZH PXVW
VWUHQJWKHQ WKH WUHDWPHQW RI VROLG ZDVWH UHGXFH WKH

JHQHUDWLRQ RI ERG\ ZDVWH IURP WKH VRXUFH DQG
DFKLHYHFOHDQHUSURGXFWLRQ)RUWKHVROLGZDVWHWKDW
FDQQRW EH DYRLGHG WKH XVH RI YDULRXV WHFKQRORJLHV
VKRXOGEH VWUHQJWKHQHG WRUHGXFH WKH SROOXWLRQ DQG
KD]DUGV RI WKH VROLG ZDVWH WR WKH HQYLURQPHQW )RU
VRPHVROLGZDVWHUHVRXUFHVXVHUHVRXUFHWUHDWPHQW
WHFKQRORJ\ WR UHFRYHU XVHIXO PDWHULDOV DQG HQHUJ\
IURPVROLGZDVWH6HSDUDWHDQGUHF\FOHGRPHVWLFJDU
EDJHDQGUHDOL]HFRPSUHKHQVLYHXWLOL]DWLRQRILQGXV
WULDOZDVWHUHVLGXHV



),*85(
,QWHUDFWLRQ3ORWIRU:3 ELOOLRQW 


),*85(
)LWWHG/LQH3ORW
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>@7RPD$&ULúDQ2  $FWLYLWLHVUHODWHGWR
KXPDQ PHGLFLQHV LQ 5RPDQLD /HJDO HQYLURQ
PHQWDO SURWHFWLRQ LVVXHV (QYLURQPHQWDO 6FL
HQFH 3ROLF\
>@%R;%)HQJ-  2QWKHFRQFHSWRILQ
WHJUDWHG HFRV\VWHP PDQDJHPHQW RI WKH ODZ -
.XQPLQJ8QLY6FL7HFKQRO 6FL7HFKQRO 

>@5RPDQLXN : %RUHN . %RUXVLHZLF] $
 'HYHORSLQJRIVXVWDLQDEOHWHFKQRORJ\LQ
DQLPDOSURGXFWLRQLQFOXGLQJHQYLURQPHQWDOSUR
WHFWLRQ)UHVHQ(QYLURQ%XOO
>@=KDQJ<<X+;LD*  6WULFWHVWHQYL
URQPHQWDOSURWHFWLRQLQVWLWXWLRQVWDWXVH[SHUL
HQFHV DQG SROLF\ UHFRPPHQGDWLRQV &KLQD
3RSXO5HVRXU(QYLURQ
>@6RQJ 0 3HQJ -:DQJ - =KDR -  
(QYLURQPHQWDOHIILFLHQF\DQGHFRQRPLFJURZWK
RI&KLQDD5D\VODFNEDVHGPRGHODQDO\VLV(XU
-2SHU5HV
>@=KDQJ/+H*0RO$3-=KX;  
3RZHUSROLWLFVLQWKHUHYLVLRQRI&KLQD¶VHQYL
URQPHQWDOSURWHFWLRQODZ(QYLURQ3RO  

>@=KDQJ <0 +XDQJ * /X +: +HP /
 3ODQQLQJRIZDWHUUHVRXUFHVPDQDJHPHQW
DQG SROOXWLRQ FRQWURO IRU +HVKXL 5LYHU ZDWHU
VKHG &KLQD D IXOO FUHGLELOLW\FRQVWUDLQHG SUR
JUDPPLQJ DSSURDFK 6FL 7RWDO (QYLURQ 

>@*XR;0DULQRYD'+RQJ-  &KLQD¶V
VKLIWLQJ SROLFLHV WRZDUGV VXVWDLQDELOLW\ D ORZ
FDUERQHFRQRP\DQGHQYLURQPHQWDOSURWHFWLRQ
-&RQWHPS&KLQD
>@)X&/L:  $QDO\VLVRIWKHFXUUHQWVLW
XDWLRQRIHQYLURQPHQWDOSROLF\RI&KLQDDQGHV
WDEOLVKPHQWRIGLVWULEXWHGHQYLURQPHQWDOSROLF\
IUDPHZRUN )URQW (QYLURQ 6FL (QJ  

>@7UDQ1+*LQ.<1JR++  )HFDO
SROOXWLRQVRXUFHWUDFNLQJWRROER[IRULGHQWLILFD
WLRQ HYDOXDWLRQ DQG FKDUDFWHUL]DWLRQ RI IHFDO
FRQWDPLQDWLRQLQUHFHLYLQJXUEDQVXUIDFHZDWHUV
DQGJURXQGZDWHU6FL7RWDO(QYLURQ
>@&DVHUWD 6 5XVVR $3   0RUH PHDQV
ZRUVH $V\PPHWULF LQIRUPDWLRQ VSDWLDO GLV
SODFHPHQW DQG VXVWDLQDEOH KHULWDJH WRXULVP
-RXUQDORI&XOWXUDO(FRQRPLFV













&21&/86,216

7KLVVWXG\DLPVWRGLVFXVVSUDFWLFHVDQGFRQWUL
EXWLRQV&KLQDKDVPDGHFRQFHUQLQJWKHHQYLURQPHQ
WDO SURWHFWLRQ,W SXWV IRUZDUG WKH DQDO\VLVRI HQYL
URQPHQWDOSURWHFWLRQDQGJRYHUQDQFHLQWKHFRQWH[W
RIHFRORJLFDOFLYLOL]DWLRQFRQVWUXFWLRQPDLQO\HODE
RUDWLQJ IURP WKH IROORZLQJ DVSHFWV LPSURYLQJ WKH
FLW\ V HQYLURQPHQWDO PDQDJHPHQW PHFKDQLVP LP
SURYLQJWKHFLW\ VHQYLURQPHQWDOVXSHUYLVLRQPHFKD
QLVPDQGLPSURYLQJWKHHQYLURQPHQWDOSURWHFWLRQRI
FROOHJHVWXGHQWVDZDUHQHVVDQGLQFUHDVHLQYHVWPHQW
LQHQYLURQPHQWDOSURWHFWLRQZRUNVWUHQJWKHQDLUSRO
OXWLRQFRQWUROZDWHUSROOXWLRQFRQWUROQRLVHSROOX
WLRQ FRQWURO DQG VROLG ZDVWH WUHDWPHQW 7KH SDSHU
FRQFOXGHVE\VXJJHVWLQJWKDW&KLQDVKRXOGDFWLYHO\
SDUWLFLSDWHLQHQYLURQPHQWDOSURWHFWLRQZRUNVWRLP
SURYH ODZV JRYHUQLQJ WKH HFRORJLFDO HQYLURQPHQW
SURWHFWLRQREOLJDWLRQVRQ&KLQHVHDQGIRUHLJQHQWHU
SULVHVLQRUGHUWRSURYLGHDOHJDOEDVLVIRUWKHHFR
ORJLFDOHQYLURQPHQWSURWHFWLRQRI&KLQD 


5()(5(1&(6

>@:DQJ:&KHQ53=KRX</  6WXG\
RQ HQYLURQPHQWDO SURWHFWLRQ LQ WRXULVW WRZQV
EDVHG RQ HFRORJLFDO WKHRU\ )UHVHQ (QYLURQ
%XOO
>@6KDR<<=KRX-:/L;04XDQ;/L
<)  8UEDQZHWODQGVFKDQJHVRQWKHVWD
WXVRIFLW\GHYHORSPHQWLQ&KLQD)UHVHQ(QYL
URQ%XOO
>@:DQJ4</L0<DQJ</  6WXG\RQ
WKHLVVXHVRIUXUDOWRXULVPHFRHQYLURQPHQWDQG
JRYHUQDQFHVWUDWHJ\)UHVHQ(QYLURQ%XOO

>@'DL+%:DQJ3<H.  'HYHORSPHQW
RIDQRYHOVHZDJHPRQLWRULQJV\VWHPEDVHGRQ
ORUDPXOWLVHQVRUIXVLRQXVLQJIRULPSURYLQJHQ
YLURQPHQWDOSURWHFWLRQHIILFLHQF\)UHVHQ(QYL
URQ%XOO
>@:DQJ-/LX3  6WXG\RQHQYLURQPHQWDO
SROOXWLRQDQGJRYHUQDQFHLQUXUDOGHYHORSPHQW
)UHVHQ(QYLURQ%XOO
>@&KDQJ<&  &KLQHVHOHJLVODWLRQLQWKHH[
SORUDWLRQ RI PDULQH PLQHUDO UHVRXUFHV DQG LWV
DGRSWLRQ LQ WKH $UFWLF 2FHDQ 2FHDQ &RDVW
0DQDJ
>@.XYDQ<$NDQ 3   5HVLGHQWV  DWWLWXGHV
WRZDUG JHQHUDO DQG IRUHVWUHODWHG LPSDFWV RI
WRXULVP WKH FDVH RI %HOHN $QWDO\D 7RXULVP
0DQDJHPHQW
>@/L-*XL+54LX+/*XDQ/6'LQJ3)
  (YDOXDWLRQ RI HQYLURQPHQW TXDOLW\ LQ
JRDIZDWHURI<XQJDQJPLQLQJDUHDLQ'DWRQJ
6KDQ[L&KLQD)UHVHQ(QYLURQ%XOO
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&255(6321',1*$87+25
=KHQ=HQJ
&ROOHJHRI)RUHLJQ/DQJXDJHV
&LYLO$YLDWLRQ 
)OLJKW8QLYHUVLW\ 
*XDQJKDQ±&KLQD 
HPDLO  ODLFKDRJXR#KRWPDLOFRP
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


&203$5$7,9(())(&72)62,/$1')2/,$5$33/,('
)H62$1'=Q62)250$,=(*52:7+
81'(56$/,1(&21',7,216

0XQD]D%DWRRO 0XKDPPDG$EGXO4D\\RXP$KODP.KDORIDK$ULI+XVVDLQ
0XKDPPDG$PMDG%DVKLU$KPDG.DPUDQ.KDQ.KDOLG$OL.KDQ6\HGD$PEHU+DPHHG
+DLID$$OKDLWKORXO6XODPDQ$*KDQHP0XKDPPDG6DGLT+DVKPL
)DUKDW%DVKLU,UXP$]L]7D\\DED1D]



'HSDUWPHQWRI6RLODQG(QYLURQPHQW6FLHQFH)DFXOW\RI$JULFXOWXUDO6FLHQFHV*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3XQMDE3DNLVWDQ

5HVHDUFK&HQWUHIRU$GYDQFH0DWHULDO6FLHQFH 5&$06 .LQJ.KDOLG8QLYHUVLW\32%R[$EKD6DXGL$UDELD

8QLWRI%HH5HVHDUFKDQG+RQH\3URGXFWLRQ)DFXOW\RI6FLHQFH.LQJ.KDOLG8QLYHUVLW\32%R[$EKD6DXGL$UDELD

'HSDUWPHQWRI3ODQW3URWHFWLRQ)DFXOW\RI$JULFXOWXUDO6FLHQFH*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3XQMDE3DNLVWDQ

%LRORJ\'HSDUWPHQW)DFXOW\RI6FLHQFH.LQJ.KDOLG8QLYHUVLW\32%R[$EKD6DXGL$UDELD

'HSDUWPHQWRI=RRORJ\)DFXOW\RI6FLHQFHV*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3XQMDE3DNLVWDQ

%LRORJ\'HSDUWPHQW&ROOHJHRI6FLHQFH-RXI8QLYHUVLW\6$NDND6DXGL$UDELD

%LRORJ\'HSDUWPHQWIDFXOW\RI6FLHQFH7DEXN8QLYHUVLW\7DEXN6DXGL$UDELD

,QVWLWXWHRI6RXWKHUQ3XQMDE0XOWDQ3XQMDE3DNLVWDQ

6ROYDN8QLYHUVLW\RI$JULFXOWXUHLQ1LWUD6ROYDN5HSXEOLF

6RLODQG:DWHUWHVWLQJODERUDWRU\'HUD*KD]L.KDQ

'HSDUWPHQWRI)RUHVWU\)DFXOW\RI$JULFXOWXUDO6FLHQFH*KD]L8QLYHUVLW\'HUD*KD]L.KDQ3XQMDE3DNLVWDQ

'HSDUWPHQWRI6RLODQG(QYLURQPHQW6FLHQFH8QLYHUVLW\RI$JULFXOWXUH)DLVDODEDG3XQMDE3DNLVWDQ



$%675$&7

0DL]HLVWKHHVVHQWLDOFHUHDOFURSDQGZKLFKLV
WKHEDVLFQHFHVVLW\RIIRRGDQGRLOIRUKXPDQFRQ
VXPSWLRQ 7KURXJKRXW WKH ZRUOG LW LV DOVR XVHG DV
IHHGIRUOLYHVWRFNEXWWKLVFURSLVXVXDOO\VXVFHSWLEOH
WRVDOLQLW\*URZWKDQGSURGXFWLYLW\RIFURSLQKLELW
E\ WKH VDOLQLW\ WKDW LV WKH PRVW LPSRUWDQW DELRWLF
VWUHVV DQG LW LV RQH RI WKH ZRUOG¶V ROGHVW DQG PRVW
FRPPRQO\ GLVWULEXWHG HQYLURQPHQWDO FKDOOHQJHV
:LWKWKHREMHFWLYHWRFRPEDWVDOLQLW\VWUHVVLQPDL]H
DSRWFXOWXUHVWXG\ZDVFRQGXFWHGWRLQYHVWLJDWHWKH
\LHOG SHUIRUPDQFH RI WKH VHOHFWHG PDL]H JHQRW\SHV
DJDLQVWVDOLQLW\XVLQJGLIIHUHQWVRLODQGIROLDUDSSOL
FDWLRQRI)H62DQG=Q627UHDWPHQWVLQFOXGHGRI
DOO SRVVLEOH FRPELQDWLRQV RI VRLO DSSOLFDWLRQ RI =Q
DQGJ=Q62SHUSRW DQG)HDSSOLFDWLRQRI
DQGJ)H62 SHUSRW DQGIROLDUDSSOLFD
WLRQRI=Q DQGJ/DV=Q62 DQG)H DQG
J/DV)H62 7KHIROLDUDSSOLFDWLRQRI)H62
DQG=Q62ZDVDSSOLHGRQPDL]HIROLDJHDWWKOHDI
VWDJH)ROLDUVSUD\LQJRIPLFURQXWULHQWVXQGHUWKHVH
FRQGLWLRQVFRXOGEHPXFKPRUHHIILFLHQWWKDQVRLODS
SOLFDWLRQRIQXWULHQWVWRWKHFURSV%\WKH8VHRIIR
OLDUVSUD\LQJRIPLFURQXWULHQWVSODQWWROHUDQFHWRVD
OLQLW\E\DOOHYLDWLQJ1DDQG&OLQMXU\WRSODQWVFDQEH
LQFUHDVHG,WZDVFRQFOXGHGWKDWLQVDOLQHVRLOPDL]H
\LHOGPD\LPSURYHE\WKHDSSOLFDWLRQRI=Q62DQG
)H62 DQG LQFUHDVH RI WKH FRQFHQWUDWLRQ LQ PDL]H
JUDLQVFDQLPSURYHKXPDQQRXULVKPHQW



,1752'8&7,21

6RLOVDOLQL]DWLRQLVDNH\LVVXHFRQWULEXWLQJWR
KDUPWKHSURGXFWLYLW\RIFXOWLYDWHGVRLOV7KHDUHD
RIVDOLQL]HGVRLOVLVLQFUHDVLQJDQGWKLVSKHQRPHQRQ
LVHVSHFLDOO\LQWHQVHLQLUULJDWHGVRLOVVRLWZDVGLIIL
FXOW WR HVWLPDWH WKHP DFFXUDWHO\ 3UREDEO\ DERXW
  PLOOLRQ KD  RI LUULJDWHG ODQG JHQHUDWLQJ
RQHWKLUG RI WKH ZRUOG¶V IRRG LV DIIHFWHG E\ VDOWV
$FFXPXODWLRQ RI VDOWV GHVWUR\HG DJULFXOWXUDO ODQG
HDFK\HDUHVWLPDWHGWREHDPLOOLRQKD>@7KHVRLO
VDOLQLW\EDGO\DIIHFWLQJWKHIXQFWLRQLQJDQGKRPHR
VWDVLVSODQWPRUSKRORJ\DQGGHFUHDVHWKHSODQWELR
PDVV>@+LJKOHYHOVRIVDOLQLW\FDQVLJQLILFDQWO\LQ
KLELW VHHGOLQJ JURZWK DQG VHHG JHUPLQDWLRQ GXH WR
WKHFRPELQHGHIIHFWVRIKLJKVSHFLILFLRQWR[LFLW\DQG
RVPRWLFSRWHQWLDO6DOLQLW\KDGDGYHUVHHIIHFWVRQWKH
IXQFWLRQLQJ DQG PHWDEROLVP RI SODQWV FRQVLGHUDEO\
GHOD\VWKHSURGXFWLYLW\>@6DOLQLW\KDVDQDQWDJR
QLVWLFHIIHFWRQVHHGJHUPLQDWLRQRIPDQ\FURSVE\
FUHDWLQJWKHWR[LFHIIHFWRI1DDQG&ODQGDQHIIHFW
RIRVPRWLFSRWHQWLDORXWVLGHWKHVHHGLQKLELWLQJWKH
DEVRUSWLRQRIZDWHU>@
$PRQJWKHPLFURQXWULHQWV]LQFLVDIXQGDPHQ
WDOVXSSOHPHQWIRUWKHVWDQGDUGDQGVRXQGGHYHORS
PHQWDQGLPSURYHPHQWRISODQWV%\DQGODUJH]LQF
LQIOXHQFHVWKHXQLRQRISURWHLQLQSODQWVKHQFHIRUWK
LVYLHZHGDVWKHPRVWEDVLFPLFURQXWULHQW>@=QLV
DOVRHVVHQWLDOLQSODQWGHYHORSPHQWSURFHVVHVGXHWR
LWVFDWDO\WLFDFWLRQLQPHWDEROLVPIRUDOOFURSVHVSH
FLDOO\PDL]H>@:KHUHDV=QLVXVHGE\WKHSODQWLQ
PDQ\ RI LWV YLWDO SURFHVVHV VXFK DV VWUXFWXUH DQG
IXQFWLRQVRIPHPEUDQHV\QWKHVHVRISURWHLQR[LGD
WLYHVWUHVVWROHUDQFHDQGH[SUHVVLRQRIJHQHV>@)RU

.(<:25'6
)H6R)ROLDU$SSOLFDWLRQ0DL]H*URZWK6DOLQH&RQGL
WLRQ6RLODSSOLFDWLRQ=Q6R
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),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQSODQWKHLJKWRIPDL]HJHQRW\SHV
XQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQ

PDQ\ DJULFXOWXUDO FURSV ]LQF GHILFLHQF\ LV DQ LQ
FUHDVLQJO\VLJQLILFDQWLVVXH7KLVLVGXHWRWKHFDXVH
WKDW=QLVDVLJQLILFDQWPLFURQXWULHQWZKLFKLVHVVHQ
WLDOIRUDOOIRUPVRIOLIHLHKXPDQEHLQJVIORUDDQG
IDXQD>@
1HDUO\  ELOOLRQ SHRSOH DUH IDFLQJ =Q GHIL
FLHQF\ ZRUOGZLGH >@ =Q IHUWLOL]HU DSSOLFDWLRQ WR
PDL]HFURSQRWRQO\HQKDQFHVLWV\LHOGEXWDOVRHQ
KDQFHVLWV=QFRQWHQWLQWKHJUDLQDQGDOOHYLDWHV=Q
GHILFLHQF\LQKXPDQEHLQJV)ROLDUDSSOLFDWLRQLVRQH
RIWKHPRVWLPSRUWDQWPHWKRGRIDSSO\LQJ=QIHUWL
OL]HUWRPDNHXSWKH=QGHILFLHQF\LQSODQWV=QDS
SOLHGE\IROLDUDSSOLFDWLRQFDQLQFUHDVHDOOJURZWKSD
UDPHWHUVRIPLOOHW>@DQGPXQJEHDQV>@VWDUFK
FRQWHQW RI IRUDJH DW KDUYHVW VLJQLILFDQWO\ LQFUHDVHG
E\ IROLDU DSSOLFDWLRQ RI =Q LQ PDL]H DQG DOVR LQ
FUHDVHGWKH=QFRQFHQWUDWLRQRIJUDLQLQPDL]H>@
,URQLVDQLPSRUWDQWPLFURQXWULHQWIRUSODQWVDV
LW SOD\V DQ LPSRUWDQW UROH LQ WKH HOHFWURQWUDQVSRUW
FKDLQ >@ ,Q VHD ZDWHU SKRWRV\QWKHVLV UHODWLYH
JURZWKRIVWUHVVHGULFHDQGQHWDVVLPLODWLRQUDWHLQ
FUHDVHGGXHWRIROLDUDSSOLFDWLRQRI)H>@7KLVLV
H[FOXVLYHO\WUXHIRUVRLOVRIKLJKS+ZKLFKIDYRUWKH
R[LGDWLRQRISODQWDYDLODEOH)HWRXQDYDLODEOH)H
)ROLDU DSSOLFDWLRQRI )HKDVH[SUHVVLYHO\ LQFUHDVHG
WKHSRVLWLYHHIIHFWVRQJURZWKRIVR\EHDQ>@EDU
OH\>@DQGZKHDW>@'XHWRVWURQJHUFRPSHWLWLRQ
XSWDNHRIPLFURQXWULHQWVIRUVDOWFDWLRQVDWWKHURRW
VXUIDFHLVGHFUHDVHG>@8QGHU]LQFGHILFLHQF\URRW
FHOO PHPEUDQH SHUPHDELOLW\ LV LQFUHDVHG DV VXJ
JHVWHGE\>@/LWWOHLVNQRZQDERXWVDOWVWUHVVLQ
WHUDFWLRQZLWK]LQFDQGLURQGHSULYDWLRQ,Q3DNLVWDQ
RQKHFWDUHEDVLV0DL]H Zea mays / UDQNVWKHWKLUG
ODUJHVWFHUHDOFURSDIWHUULFHDQGZKHDW,WVJUDLQLVD
ULFKVRXUFHRIPDQ\LPSRUWDQWQXWULHQWVDQGXVHGIRU
PXOWLSXUSRVH'XHWRGHILFLHQF\RISODQWQXWULHQWVLQ
3DNLVWDQ\LHOGRIPDL]HFURSLVDODUPLQJO\DIIHFWHG
7KH DSSOLFDWLRQRI HVVHQWLDOSODQWQXWULHQWV LQ RSWL
PXP TXDQWLW\ DQG ULJKW SURSRUWLRQ LV D NH\ WR HQ
KDQFHDQGVXVWDLQFURSSURGXFWLYLW\>@7KHUHIRUH
SUHVHQWVWXG\ZDVFRQGXFWHGWRH[SORUHU&RPSDUD
WLYHSHUIRUPDQFHRIPDL]HJHQRW\SHVLQVDOLQHVRLOLQ



UHVSRQVHWRIROLDUDQGVRLODSSOLFDWLRQRI=Q62DQG
)H62

0$7(5,$/6$1'0(7+2'6

$SRWFXOWXUHVWXG\ZDVFRQGXFWHGWRLQYHVWL
JDWHWKH\LHOGSHUIRUPDQFHRIWKHVHOHFWHGPDL]HJHQ
RW\SHVDJDLQVWVDOLQLW\XVLQJGLIIHUHQWVRLODQGIROLDU
DSSOLFDWLRQ RI )H62 DQG =Q62 7KH H[SHULPHQW
ZDVFRQGXFWHGDW&ROOHJHRI$JULFXOWXUH'HUD*KD]L
.KDQ6XEFDPSXV8QLYHUVLW\RI$JULFXOWXUH)DLVDO
DEDG0DL]HJHQRW\SHV RQHVHQVLWLYHRQHWROHUDQW 
VHOHFWHG IURP VWXG\,,ZHUH XVHG 1RUPDO VRLO ZDV
FROOHFWHGIURPDQDJULFXOWXUHILHOGDQGDQDO\]HGIRU
SK\VLFRFKHPLFDOSURSHUWLHV6RLOZDVSDVVHGWKURXJK
PPVLHYHDQGILOOHGLQSRWV#NJSHUSRW7KH
UHTXLUHG VDOLQLW\ OHYHO               G6 P  ZDV
GHYHORSHGLQWKHUHVSHFWLYHWUHDWPHQWSRWVE\DGGLQJ
DQGWKRURXJKO\PL[LQJFDOFXODWHGDPRXQWRI1D&O
7UHDWPHQWFRPSULVHGRIDOOSRVVLEOHFRPELQDWLRQVRI
VRLODSSOLFDWLRQRI=Q DQGJ=Q62SHUSRW 
DQG)HDSSOLFDWLRQRI DQGJ)H62SHUSRW DQG
IROLDUDSSOLFDWLRQRI=Q DQGJ/DV=Q62 
DQG)H DQGJ/DV)H62 7KHIROLDUDSSOL
FDWLRQ RI )H62 DQG =Q62 ZDV DSSOLHG RQ PDL]H
IROLDJHDWWKOHDIVWDJH6RLODSSOLFDWLRQRI)HDQG=Q
ZDVGRQHEHIRUHVRZLQJ7KHUHFRPPHQGHGGRVHVRI
13DQG.ZHUHDOVRDSSOLHGWRWKHVRLO)LYHVHHGV
RIHDFKJHQRW\SHZHUHVRZQLQHDFKSRW$IWHUJHU
PLQDWLRQWKLQQLQJZHUHGRQHWRPDLQWDLQWKUHHSODQWV
SHUSRW7KHSODQWSURWHFWLRQPHDVXUHVZHUHXVHGDV
UHTXLUHG7KHSODQWVZHUHKDUYHVWHGDWPDWXULW\


5(68/76$1'',6&866,21

3ODQW +HLJKW 7KH SODQW KHLJKW LQ ERWK JHQR
W\SHVRIPDL]HGHFUHDVHGVLJQLILFDQWO\ZLWKVDOLQLW\
G6P  )LJ ZKLOHDSSOLFDWLRQRIPLFURQXWUL
HQWVSOD\HGLPSRUWDQWUROHLQDPHOLRUDWLQJWKHHIIHFW
RI VDOLQLW\ ,Q QRQVDOLQH FRQGLWLRQV WKH PD[LPXP
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P  )LJ  ZKLOH DSSOLFDWLRQ RI PLFURQXWULHQWV
SOD\HG LPSRUWDQW UROH LQ DPHOLRUDWLQJ WKH HIIHFW RI
VDOLQLW\ ,Q QRQVDOLQH FRQGLWLRQV WKH PD[LPXP
JUDLQ\LHOGZDVREVHUYHGLQ(9 J XQGHU
IROLDUDSSOLFDWLRQRI)H=QIROORZHGE\=QDQG)H
DORQH 7KH PLQLPXP JUDLQ \LHOG  J  ZDV RE
VHUYHG LQ 3DNDIJRHH ZKHUH QR PLFURQXWULHQW ZDV
DSSOLHG$WG6POHYHORIVDOLQLW\WKHPD[LPXP
JUDLQ\LHOGZDVSURGXFHGE\(9 J XQGHU
IROLDUDSSOLFDWLRQRI)H=QDQGIROORZHGE\=QDQG
)HDORQHLQDGHVFHQGLQJRUGHU%RWKJHQRW\SHGLIIHU
VLJQLILFDQWO\ XQGHU VDOLQH FRQGLWLRQZLWK IROLDU DQG
VRLODSSOLFDWLRQRIPLFURQXWULHQW

)HFRQFHQWUDWLRQLQOHDIDQGJUDLQ7KHOHDI
DQG JUDLQ )H FRQFHQWUDWLRQ LQ ERWK JHQRW\SHV RI
PDL]HZDVGHFUHDVHGVLJQLILFDQWO\ZLWKVDOLQLW\ 
GVP  )LJ ZKLOHDSSOLFDWLRQRI)HLPSURYHVWKLV
VLWXDWLRQ ,Q VDOLQH FRQGLWLRQV WKH PD[LPXP OHDI
ȝPROJGZW DQGJUDLQ ȝPROJGZW )H
FRQFHQWUDWLRQZDVREVHUYHGLQ(9XQGHUIROLDU
DSSOLFDWLRQRI)HDORQHIROORZHGE\3DNDIJRHH$W
G6POHYHORIVDOLQLW\WKHPD[LPXP)HFRQFHQ
WUDWLRQ LQ OHDI DQG JUDLQ ZDV REVHUYHG LQ (9
DQGȝPROJGZW XQGHUIROLDUDSSOLFDWLRQ
RI)HDORQHUHVSHFWLYHO\DQGIROORZHGE\)HDORQH
XQGHUVRLODSSOLFDWLRQLQDGHVFHQGLQJRUGHU

=QFRQFHQWUDWLRQLQOHDIDQGJUDLQ7KHOHDI
DQG JUDLQ =Q FRQFHQWUDWLRQ LQ ERWK JHQRW\SHV RI
PDL]HZDVGHFUHDVHGVLJQLILFDQWO\ZLWKVDOLQLW\ 
G6P  )LJ ZKLOHDSSOLFDWLRQRIZKLOHDSSOLFD
WLRQRI=QLPSURYHVWKLVVLWXDWLRQ,QQRQVDOLQHFRQ
GLWLRQVWKHPD[LPXPOHDI ȝPROJGZW DQG
JUDLQ ȝPROJGZW =QFRQFHQWUDWLRQZDVRE
VHUYHG LQ (9 XQGHU IROLDU DSSOLFDWLRQ RI =Q
DORQHIROORZHGE\3DNDIJRHH

SODQWKHLJKWZDVREVHUYHGLQ(9 FP 
XQGHUVRLODSSOLFDWLRQRI)H=QIROORZHGE\3DNDI
JRHH  FP  7KH PLQLPXP SODQW KHLJKW 
FP  ZDV REVHUYHG LQ 3DNDIJRHH XQGHU QRQVDOLQH
FRQGLWLRQV ZKHUH QR PLFURQXWULHQW ZDV DSSOLHG
WKURXJKVRLORUIROLDUDSSOLFDWLRQ$WG6POHYHO
RIVDOLQLW\WKHPD[LPXPSODQWKHLJKWZDVSURGXFHG
E\ (9  FP  XQGHU VRLO DSSOLFDWLRQ RI
)H=QDQGIROORZHGE\IROLDUDSSOLFDWLRQRI)H=Q
LQDGHVFHQGLQJRUGHU%RWKJHQRW\SHVGLIIHUVLJQLIL
FDQWO\XQGHUVDOLQHFRQGLWLRQZLWKIROLDUDQGVRLODS
SOLFDWLRQ RI PLFURQXWULHQW 7KH PLQLPXP SODQW
KHLJKWZDVSURGXFHGE\3DNDIJRHH FP XQ
GHU VDOLQH FRQGLWLRQ ZLWKRXW PLFURQXWULHQW DSSOLFD
WLRQDQGLWZDVVWDWLVWLFDOO\VLJQLILFDQWIURP(Y
ZKLFK SURGXFHG  FP SODQW KHLJKW XQGHU WKLV
WUHDWPHQW

6WDON ZHLJKW 7KH VWDON ZHLJKW LQ ERWK JHQR
W\SHVRIPDL]HZDVGHFUHDVHGVLJQLILFDQWO\ZLWKVD
OLQLW\ GVP  )LJ ZKLOHDSSOLFDWLRQRIPLFUR
QXWULHQWV SOD\HG LPSRUWDQW UROH LQ DPHOLRUDWLQJ WKH
HIIHFWRIVDOLQLW\,QQRQVDOLQHFRQGLWLRQVWKHPD[
LPXP VWDON ZHLJKW ZDV REVHUYHG LQ (9
 J  XQGHU IROLDU DSSOLFDWLRQ RI )H=Q IRO
ORZHGE\3DNDIJRHH J 7KHPLQLPXPVWDON
ZHLJKW J ZDVREVHUYHGLQ3DNDIJRHHXQGHU
FRQWUROZKHUHQRPLFURQXWULHQWZDVDSSOLHGWKURXJK
VRLO DSSOLFDWLRQ$W  G6 P OHYHO RI VDOLQLW\ WKH
PD[LPXP VWDON ZHLJKW ZDV SURGXFHG E\ (9
J XQGHUIROLDUDSSOLFDWLRQRI)H=QDQGIRO
ORZHGE\IROLDUDSSOLFDWLRQRI=QDQG)HDORQHLQD
GHVFHQGLQJRUGHU%RWKJHQRW\SHGLIIHUVLJQLILFDQWO\
XQGHU VDOLQH FRQGLWLRQZLWKIROLDU DQG VRLODSSOLFD
WLRQRIPLFURQXWULHQW

*UDLQ\LHOG7KHJUDLQ\LHOGLQERWKJHQRW\SHV
RIPDL]HGHFUHDVHGVLJQLILFDQWO\ZLWKVDOLQLW\ G6

),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQVWDONZHLJKWRIPDL]HJHQRW\SHV
XQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV
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),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQJUDLQ\LHOGRIPDL]HJHQRW\SHV
XQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQ


),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQOHDILURQFRQFHQWUDWLRQRI
PDL]HJHQRW\SHVXQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV


),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQJUDLQLURQFRQFHQWUDWLRQRI
PDL]HJHQRW\SHVXQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV
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),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQOHDI]LQFFRQFHQWUDWLRQRI
PDL]HJHQRW\SHVXQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV


),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQJUDLQ]LQFFRQFHQWUDWLRQRI
PDL]HJHQRW\SHVXQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV






$WG6POHYHORIVDOLQLW\WKHPD[LPXP=Q
FRQFHQWUDWLRQLQOHDIDQGJUDLQZDVREVHUYHGLQ(9
 DQGȝPROJGZW XQGHUIROLDUDS
SOLFDWLRQRI)H=QDQG=QDORQHUHVSHFWLYHO\%RWK
JHQRW\SHVGLIIHUVLJQLILFDQWO\IRUOHDIDQGJUDLQ=Q
FRQFHQWUDWLRQXQGHUVDOLQHFRQGLWLRQV

.FRQFHQWUDWLRQLQOHDI7KHOHDI.FRQFHQ
WUDWLRQLQERWKJHQRW\SHVRIPDL]HGHFUHDVHGVLJQLI
LFDQWO\ZLWKVDOLQLW\ GVP  )LJ ZKLOHDSSOL
FDWLRQ RI PLFURQXWULHQWV )H DQG =Q  SOD\HG LP
SRUWDQW UROH LQ DPHOLRUDWLQJ WKH HIIHFW RI VDOLQLW\
(9 VKRZHG PD[LPXP OHDI . FRQFHQWUDWLRQ
 PPRO J GZW  XQGHU IROLDU DSSOLFDWLRQ RI
)H=QFRPELQHIROORZHGE\3DNDIJRHH PPRO

JGZW $WG6POHYHORIVDOLQLW\WKHPD[LPXP
. FRQFHQWUDWLRQ LQ OHDI ZDV REVHUYHG LQ (9
PPROJGZW XQGHUFRPELQHIROLDUDSSOLFD
WLRQ RI )H=Q %RWK JHQRW\SHV GLIIHU VLJQLILFDQWO\
IRUOHDI.FRQFHQWUDWLRQXQGHUVDOLQHFRQGLWLRQZLWK
IROLDUDQGVRLODSSOLFDWLRQRIPLFURQXWULHQWZKLOHXQ
GHU QRUPDO FRQGLWLRQ WKH\ GLG QRW GLIIHU VLJQLIL
FDQWO\

1DFRQFHQWUDWLRQLQOHDI7KHOHDI1DFRQ
FHQWUDWLRQLQERWKJHQRW\SHVRIPDL]HZDVLQFUHDVHG
VLJQLILFDQWO\ZLWKVDOLQLW\ GVP  )LJ ZKLOH
DSSOLFDWLRQRIPLFURQXWULHQWV )HDQG=Q SOD\HGLP
SRUWDQWUROHLQDPHOLRUDWLQJWKHHIIHFWRIVDOLQLW\
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),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQOHDISRWDVVLXPFRQFHQWUDWLRQRI
PDL]HJHQRW\SHVXQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV


),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQOHDIVRGLXPFRQFHQWUDWLRQRI
PDL]HJHQRW\SHVXQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV






$WG6POHYHORIVDOLQLW\WKHPLQLPXP1D
FRQFHQWUDWLRQ LQ OHDI ZDV REVHUYHG LQ (9
PPROJGZW XQGHUFRPELQHIROLDUDSSOLFD
WLRQRI)H=QDQGLWZDVVWDWLVWLFDOO\DWSDUZLWKFRP
ELQH VRLO DSSOLFDWLRQ RI )H=Q XQGHU VDOLQH FRQGL
WLRQ %RWKJHQRW\SHVGLIIHUVLJQLILFDQWO\ IRU OHDI .
FRQFHQWUDWLRQXQGHUVDOLQHFRQGLWLRQZLWKIROLDUDQG
VRLODSSOLFDWLRQRIPLFURQXWULHQW

=QDQG)HXVHHIILFLHQF\LQPDL]H,WZDVRE
VHUYHGIURPGDWD )LJ WKDWWKHKLJKHVWXVHHIIL
FLHQF\ RI ERWK PLFURQXWULHQWV =Q DQG )H ZDV RE
VHUYHGZLWKFRPELQHDSSOLFDWLRQRI=Q)H7KH=Q

DQG)HXVHHIILFLHQF\LQERWKJHQRW\SHVRIPDL]HGH
FUHDVHG VLJQLILFDQWO\ ZLWK VDOLQLW\  GV P  7KH
ERWKPHWKRGRIDSSOLFDWLRQZDVVWDWLVWLFDOO\DWSDULQ
FDVHRIPLFURQXWULHQWXVHHIILFLHQF\,QFRQWUROFRQ
GLWLRQVWKHPD[LPXP=QDQG)HXVHHIILFLHQF\ZDV
REVHUYHG LQ (9  DQG   XQGHU
IROLDUDSSOLFDWLRQRI=Q)HIROORZHGE\3DNDIJRHH
DQG $WG6POHYHORIVDOLQLW\
WKHPD[LPXP=QDQG)HXVHHIILFLHQF\ZDVREVHUYHG
LQ(9 DQG XQGHUIROLDUDSSOL
FDWLRQRI)H=Q
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),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQ=QXVHHIILFLHQF\RIPDL]HJHQRW\SHV
XQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV


),*85(
(IIHFWRIVRLODQGIROLDUDSSOLFDWLRQRI)H62DQG=Q62RQ)HXVHHIILFLHQF\RIPDL]HJHQRW\SHV
XQGHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV


',6&866,21

$SRW H[SHULPHQW ZDV FRQGXFWHG WR VWXG\ WKH
HIIHFW RI PLFURQXWULHQWV =Q DQG )H  RQ WZR PDL]H
JHQRW\SH RQHLVVDOWVHQVLWLYHDQGRWKHULVVDOWWROHU
DQW XQGHUQRQVDOLQHDQGGVPOHYHORIVDOLQLW\
7KHPLFURQXWULHQWVZHUHDSSOLHGWKURXJKIROLDUDQG
VRLODSSOLFDWLRQ7KHUHVXOWVRIWKLVVWXG\VKRZHGWKDW
PLQLPXPUHGXFWLRQLQSODQWKHLJKWVWDONZHLJKWDQG
JUDLQ\LHOGZDVREVHUYHGZLWKFRPELQHDSSOLFDWLRQ
RI=Q)HDWGVPVDOLQLW\OHYHO7KHUHVXOWVRI
WKH SUHVHQW VWXG\ DUH DOVR LQ DJUHHPHQW ZLWK >@





7KH\ DOVR REVHUYHG GLIIHUHQWLDO =Q UHTXLUHPHQW RI
PDL]H K\EULG DQG YDULHW\ +RZHYHU LQ WKH SUHVHQW
VWXG\JUDLQ\LHOGRIERWKJHQRW\SHVZDVUHGXFHGXQ
GHUVDOLQLW\%XWPRUHGHFUHDVHZDVREYLRXVLQJUDLQ
\LHOG RI 3DNDIJRHH VDOW VHQVLWLYH  DV FRPSDUHG WR
(Y VDOWWROHUDQW 8QGHUGLIIHUHQWHQYLURQPHQ
WDOVWUHVVHVWKHLPSURYHPHQWRIWKHQXWULWLRQVWDWXV
RISODQWPD\UHGXFHWKHHIIHFWVRIVWUHVVRQWKHSODQW
7KHDYDLODELOLW\RIQXWULHQWVLQWKHVRLOVROXWLRQLQVD
OLQHFRQGLWLRQVGHFUHDVHVEHFDXVHRIKLJKFRQFHQWUD
WLRQRI&ODQG1DWKDWOHDGVWRGLVRUGHUDQGLP
EDODQFHIRUQXWULHQWXSWDNHE\WKHSODQW>@FRQ
FOXGHGWKDWLQWKHVDOWDIIHFWHGDUHDV]LQFDSSOLFDWLRQ
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FRXOGLPSURYHSRVVLEOH1DDQG&OLQMXU\LQSODQWV
)HDQG=QDUHWKHLPSRUWDQWPLFURQXWULHQWVDQGWKHVH
DUH HVVHQWLDO IRU SODQW JURZWK DQG GHYHORSPHQW ,Q
VDOLQH VRLOV WKH DYDLODELOLW\ RI PLFURQXWULHQWV GH
SHQGVRQWKHVROXELOLW\RIPLFURQXWULHQWVWKHQDWXUH
RIELQGLQJVLWHVRQWKHRUJDQLFDQGLQRUJDQLFSDUWLFOH
VXUIDFHVDQGWKHS+UHGR[SRWHQWLDORIWKHVRLOVROX
WLRQ >@ 0LFURQXWULHQW GHILFLHQFLHV DUH FRPPRQ
XQGHUVDOLQLW\>@
6RLQVDOLQLW\FRQGLWLRQVSURSHUIHUWLOL]LQJDQG
SODQWQXWULWLRQLVYHU\LPSRUWDQWEHFDXVHRIWKHVKRUW
DJHRIPLFURQXWULHQWVVXFKDV)HDQG=QLQWKHVRLO
)ROLDUDSSOLFDWLRQRIWKHVHHOHPHQWVFDQUHGXFHWKH
HIIHFWVRIVDOLQLW\RQSODQWVDQGHYHQFDQFRPSHQVDWH
WKRVH>@>@IRXQGWKDWLQWKHVDOLQHFRQGLWLRQV
IROLDUDSSOLFDWLRQRI=QLVXVHIXOIRULQFUHDVLQJRIQL
WURJHQDEVRUSWLRQDQG\LHOGLQFUHDVLQJ,QWKHVHFRQ
GLWLRQV H[FHSWRIVDOLQLW\RIG6P WKHXVHRI
=Q LQFUHDVHG WKH VHHG \LHOG DQG VWUDZ  ,Q DQRWKHU
H[SHULPHQW>@VKRZHGWKDWLQKLJKVDOLQLW\OHYHOV
WKHXVHRI]LQFLPSURYHGWKHJURZWKRIWRPDWR%XW
LQQRQVDOLQHVRLOWKHSODQWGLGQRWVKRZDQ\UHDF
WLRQWRLW7KLVVLWXDWLRQRFFXUUHGLQWKHVRLOEHFDXVH
LWKDGDSSURSULDWHDPRXQWVRI=Q
)ROLDU VSUD\LQJ RI PLFURQXWULHQWV XQGHU WKHVH
FRQGLWLRQVFRXOGEHPXFKPRUHHIILFLHQWWKDQVRLODS
SOLFDWLRQRIQXWULHQWVWRWKHFURSV>@%\WKH8VHRI
IROLDU VSUD\LQJ RI PLFURQXWULHQWV SODQW WROHUDQFH WR
VDOLQLW\E\DOOHYLDWLQJ1DDQG&OLQMXU\WRSODQWVFDQ
EH LQFUHDVHG (O)RXO\ >@ ,Q WKLV UHVSHFW WKH\
VWDWHGWKDWIROLDUVSUD\VRIIHUURXVVXOSKDWHRUFKH
ODWHVDUHIRXQGWREHPRUHHIILFLHQWWKDQVRLODSSOLFD
WLRQLQFRUUHFWLQJ)HFKORURVLVLQZKHDW0DFURDQG
PLFURQXWULHQWVXSWDNHLVLQFUHDVLQJGXHWRPLFURQX
WULHQWV VSUD\LQJ DQG DV D UHVXOW URRW JURZWK LV LP
SURYLQJ ZKLFK DFFRUGLQJO\ LQFUHDVH DEVRUELQJ VXU
IDFHDUHD>@7KHUHIRUHLQVDOLQHVRLOVWKHH[WUDDS
SOLFDWLRQRIPLFURQXWULHQWVLVUHFRPPHQGHGDVFRP
SDUHGWRQRUPDOFRQGLWLRQ:HFRQFOXGHWKDWLQVD
OLQHVRLOPDL]H\LHOGPD\LPSURYHE\WKHDSSOLFDWLRQ
RI=Q62DQG)H62DQGLQFUHDVHRIWKHFRQFHQWUD
WLRQ LQ PDL]H JUDLQV FDQ LPSURYH KXPDQ QRXULVK
PHQW


&21&/86,21

,QWKHSUHVHQWVWXG\LWZDVFRQFOXGHGWKDWEHWWHU
UHVSRQVH LQ JURZWK DQG \LHOGZDVQRWHG LQ WKH VDOW
WROHUDQW JHQRW\SH (9 XQGHU VDOLQH FRQGLWLRQ
ZLWKFRPELQHDSSOLFDWLRQRI)H=Q,QVDOLQHFRQGL
WLRQVJUDLQ\LHOGSHUSODQWLQFUHDVHGDORQJZLWKFRP
ELQHDSSOLFDWLRQRI)H=QLQVDOWWROHUDQWJHQRW\SH
3RWDVVLXPFRQFHQWUDWLRQZDVOHVVXQGHUVDOLQHFRQ
GLWLRQVZKLOHVRGLXPFRQFHQWUDWLRQLQFUHDVHGXQGHU
VDOLQHFRQGLWLRQ DORQH ,QOHDIPRUHDFFXPXODWLRQ
RISRWDVVLXPDQGOHVVDFFXPXODWLRQRIVRGLXPZDV
IRXQGLQWKHVDOWWROHUDQWJHQRW\SH6DOWWROHUDQWJHQ
RW\SH (9  PDLQWDLQHG KLJKHU JURZWK DQG



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

\LHOGFRPSDUHGWRVDOWVHQVLWLYHJHQRW\SH 3DN$I
JRHH XQGHUVDOWVWUHVVHGFRQGLWLRQV)ROLDUDSSOLFD
WLRQRI=QDQG)HJDYHKLJKHULQFUHDVHLQWKHSODQW
JURZWKDQG\LHOGDVFRPSDUHGWRVRLODSSOLFDWLRQXQ
GHUQRQVDOLQHDQGVDOLQHFRQGLWLRQV7KHPDL]HJHQ
RW\SH(9SHUIRUPHGEHWWHUZKLOHSRRUSHUIRU
PDQFHZDVVKRZHGE\3DN$IJRHH7KHDSSOLFDWLRQ
RI=QDQG)HLPSURYHGWKHSODQWJURZWK\LHOGDQG
=QDQG)HXVHHIILFLHQF\XQGHUVDOLQHFRQGLWLRQV


$&.12:/('*(0(176

$XWKRUVZRXOGOLNHWRDFNQRZOHGJHWKHVXSSRUW
RIWKH5HVHDUFK&HQWHUIRU$GYDQFHG0DWHULDOV6FL
HQFH 5&$06  .LQJ .KDOLG 8QLYHUVLW\ $EKD
6DXGL$UDELDIRUIXQGLQJWKLVZRUNWKURXJKUHVHDUFK
SURJUDP5&$06..8


5()(5(1&(6

>@ &DNPDN,7RUXQ%(UHQRJOX%2]WXUN/
0DUVFKQHU+ .DOD\FL0(NL]+<LOPD]
$  0RUSKRORJLFDODQG3K\VLRORJLFDOGLI
IHUHQFHV LQ UHVSRQVH RI FHUHDOV WR ]LQF GHIL
FLHQF\(XSK\WLFD
>@ +RUHVK,DQG/HY\<  5HVSRQVHRI)H
GHILFLHQWFLWUXVWUHHVWRIROLDU)HVSUD\VZLWKD
ORZVXUIDFHWHQVLRQ VXUIDFWDQW 6FL +RUWL 

>@ .DQZDO 6 5DKPDWXOODK 0DTVRRG 0$
%DNKDW +)6*   =LQF UHTXLUHPHQW RI
PDL]HK\EULGVDQGLQGLJHQRXVYDULHWLHVRQUdic
Haplustalf-3ODQW1XWU±
>@ .DXVDU5%DVKLU0$1LVDU65HKDPDQL
0,$ +DVKDPL 6$ $WWD 6   (FR
)ULHQGO\ 0DQDJHPHQW RI 3XOVH %HHWOH Callosobruchus Chinensis E\8VLQJ'LIIHUHQW3ODQW
0DWHULDOV$VLDQ-$JULDQG%LRO  
>@ &DNPDN ,   3RVVLEOH 5ROHV RI =LQF LQ
3URWHFWLQJ 3ODQW &HOOV IURP 'DPDJH E\ 5HDF
WLYH2[\JHQ6SHFLHV1HZ3K\WRORJLVW

>@ 0DODNRRWL0-.HVKDYDU]3  7KHUROH
RI]LQFLQUHGXFWLRQRIVDOLQLW\7HFKQLFDO3XEOL
FDWLRQ1R6RLODQG:DWHU5HVHDUFK,QVWL
WXWH7HKUDQ,UDQ
>@ &DNPDN 2 2]WXUN / .DUDQOLN 6  
7ROHUDQFH RI  'XUXP :KHDW *HQRW\SHV 7R
]LQF'HILFLHQF\LQD&DOFDUHRXV6RLO-RXUQDORI
3ODQW1XWULWLRQ
>@ 0DUVFKQHU + 5RPKHOG 9   6WUDWHJLHV
RISODQWVIRUDFTXLVLWLRQRILURQ3ODQW6RLO

>@ $OORZD\%-  =LQFLQ6RLOVDQG&URS1X
WULWLRQ,QWHUQDWLRQDO=LQF$VVRFLDWLRQ%UXVVHOV
DIIHFWHGE\VRGLXPFKORULGHVDOLQLW\DQGVXSSOH
PHQWHGFDOFLXP-. 3ODQW1XWU 
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>@0XOOHU2.UDZLQNHO0  0DOQXWULWLRQ
DQG KHDOWK LQ GHYHORSLQJ FRXQWULHV 5HYLHZ
&DQDGL -0HG$VVRF
>@$OORZD\%-  =LQFLQVRLOVDQGSODQWQX
WULWLRQ %UXVVHOV %HOJLXP DQG 3DULV )UDQFH
,=$DQG,)$
>@2HUWOL --   1XWULHQW PDQDJHPHQW XQGHU
ZDWHUDQGVDOLQLW\VWUHVV,Q3URFHHGLQJVRIWKH
V\PSRVLXP RQ QXWULHQW PDQDJHPHQW IRU VXV
WDLQHG 3URGXFWLYLW\ 'HSW 6RLOV 3XQMDE $JULF
8QLY/XGKLDQD,QGLD
>@3HFN $: 0F'RQDOG *. *UDKDP 5'
  =LQF QXWULWLRQ LQÀXHQFHV WKH SURWHLQ
FRPSRVLWLRQ RI ÀRXU LQ EUHDG ZKHDW Triticum
aestivum / -&HUHDO6FL
>@6XOWDQD1,NHGD7.DVKHP0$  (I
IHFWRIIROLDUVSUD\RIQXWULHQWVROXWLRQVRQSKR
WRV\QWKHVLVGU\PDWWHUDFFXPXODWLRQDQG\LHOG
LQVHDZDWHUVWUHVVHGULFH(QYLURQ([S%RW

>@3DUNHU '5 $JXLOHUD -- 7KRPDVRQ '1
 =LQFSKRVSKRUXVLQWHUDFWLRQVLQWZRFXO
WLYDUV RI WRPDWR Lycopersicon esculentum / 
JURZQ LQ FKHODWRUEXIIHUHG QXWULHQW VROXWLRQV
3ODQW6RLO
>@=RQJ ;) :DQJ + 6RQJ =: /LX '/
=KDQJ $-   )ROLDU =Q IHUWLOL]DWLRQ LP
SDFWVRQ\LHOGDQGTXDOLW\LQSHDUOPLOOHW Pennisetum glaucum))URQW$JULF&KLQD

>@/X6/LX;/L/=KDQJ)=HQJ;DQG
7DQJ&  (IIHFWRIPDQJDQHVHVSDWLDOGLV
WULEXWLRQLQWKHVRLOSURILOHRQZKHDWJURZWKLQ
ULFH±ZKHDWURWDWLRQ3ODQWDQG6RLO
>@(O)RXO\000REDUDN=06DODPD=$
 ,PSURYLQJWROHUDQFHRIIDEDEHDQGXULQJ
HDUO\JURZWKVWDJHVWRVDOLQLW\WKURXJKPLFURQX
WULHQWVIROLDUVSUD\1RW6FL%LRO
>@=KX=:HL*/L-4LDQ4<X-  
6LOLFRQDOOHYLDWHVVDOWVWUHVVDQGLQFUHDVHVDQWL
R[LGDQW HQ]\PHV DFWLYLW\ LQ OHDYHV RI VDOW
VWUHVVHG FXFXPEHU Cucumis sativus /  3ODQW
6FL
>@$EGDOOD )( =HLQDE 00 (O6D\HG $
  (IIHFW RI PLFURQXWULHQWV IROLDU DSSOLFD
WLRQRQXSWDNHRIPDFURQXWULHQWVE\ZKHDWDQG
IDEDEHDQ$IU-$JULF6FL  
>@)DWPD 6 6KDODE\ 00 5DWDE.$  
:KHDW UHVSRQVH WR QLWURJHQ DQG ]LQF IHUWLOL]D
WLRQ XQGHU VDOLQH FRQGLWLRQ LQ FDOFDUHRXV VRLO
6RLO 6FLHQFH .HPHW *URXS  ZZZZL]XQL
NDVVHOGHJHDUV\PSSURFHHG(O6KD
ILHB6KDODE\SGI
>@$OSDVODQ0*XQHV$&LNLOL$2VFDQ+
  (IIHFW RI ]LQF WUHDWPHQW RQ WKH DOOHYLD
WLRQ RI VRGLXP DQG FKORULGH LQMXU\ LQ WRPDWR
Lycopersicon esculentum / JURZQXQGHUVD
OLQLW\7U-%RW

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@5DWDE.$  :KHDWUHVSRQVHWRQLWURJHQ
DQG ]LQF IHUWLOL]DWLRQ XQGHU VDOLQH FRQGLWLRQ LQ
FDOFDUHRXV VRLO 6RLO 6FLHQFH .HPHW *URXS 
ZZZZL]XQLNDVVHOGHJHDUV\PSSURFHH
G(O6KDILHB6KDODE\SGI
>@$VK ) 'LQJNXKQ 0 'RUIILQJ .  
3K\VLRORJLFDOVWUHVVHVRILUULJDWHGULFHFDXVHGE\
VRLO VDOLQLW\ LQ WKH 6DKHO ,Q 0LH]DQ .0
:RSHUHLV 0&6 5DQGROSK 7) HGV  ,UUL
JDWHGULFHLQWKH6DKHO3URVSHFWIRU6XVWDLQDEOH
'HYHORSPHQW,QGLD
>@$OORZD\%-  =LQFLQ6RLOVDQG&URS1X
WULWLRQ,QWHUQDWLRQDO=LQF$VVRFLDWLRQ%UXVVHOV
DIIHFWHGE\VRGLXPFKORULGHVDOLQLW\DQGVXSSOH
PHQWHGFDOFLXP-. 3ODQW1XWU 
>@*RII 6 5LFNH $ /DQ ' 3UHVWLQJ 7+
:DQJ * 'XQQ 5 *OD]HEURRN 0 DQG
9DUPD+  $GUDIWVHTXHQFHRIWKHULFH
JHQRPH Oryza sativa / VVS japonica  6FL
HQFH±
>@%DVKLU 0$$OYL$01D] +  (I
IHFWLYHQHVVRI6WLFN\7UDSVLQ0RQLWRULQJRI,Q
VHFWV -RXUQDO RI (QYLURQPHQWDO DQG $JULFXO
WXUDO6FLHQFHV$UWLFOH1R
>@+HEEHUQ&3HGDV$6FKMRHUULQJ3.QXG
VHQ -. +XVWHG 6   *HQRW\SLF GLIIHU
HQFHV LQ PDQJDQHVH HIILFLHQF\ )LHOG H[SHUL
PHQWVZLWKZLQWHUEDUOH\ Hordeum vulgare/ 
3ODQW6RLO
>@%DVKLU 0$ $OYL $0 1D] +  
6FUHHQLQJRI/HJXPHVDQG&HUHDOVDJDLQVWCallosobruchus maculatus RQ WKH %DVLVRI )HFXQ
GLW\ DQG /RQJHYLW\ -RXUQDO RI (QYLURQPHQWDO
DQG$JULFXOWXUDO6FLHQFHV
>@+HLWKROW -- 6ORDQ & 0DF.RZQ 7  
&RSSHU PDQJDQHVH DQG ]LQF IHUWLOL]DWLRQ HI
IHFWVRQJURZWKRIVR\EHDQRQDFDOFDUHRXVVRLO
-3ODQW1XWU
>@%DVKLU 0$ 6DHHG 6 6DMMDG $ $OL 0
 6HDVRQDO9DULDWLRQLQDEXQGDQFHDQGGL
YHUVLW\RILQVHFWV3ROOLQDWRULQ)RUHVW(FRV\VWHP
RI 6RXWKHUQ 3XQMDE 3DNLVWDQ 3XUH $SSO %LRO
  

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
0XQD]D%DWRRO
6RLO6DOLQW\/DE
*KD]L8QLYHUVLW\'HUD*KD]L.KDQ
3XQMDE±3DNLVWDQ
HPDLOPEDWRRO#JXGJNHGXSN
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())(&72)*5((16<17+(6,=('=,1&2;,'(
1$123$57,&/(6$6327$72*52:7+%2267(5
81'(5IN VITRO&21',7,21

$ULID.KDQ 1DYHHGD5LD]6KD]LD(UXP$EGXOODK,NUDP
,PUDQ+XVVDLQ0XKDPPDG4DVLP0XKDPPDG$UVKDG




,QWHUQDWLRQDO,VODPLF8QLYHUVLW\,VODPDEDG3DNLVWDQ
%LR5HVRXUFHV&RQVHUYDWLRQ,QVWLWXWH1$5&,VODPDEDG3DNLVWDQ



$%675$&7

7RIHHGWKHLQFUHDVLQJSRSXODWLRQRIWKHZRUOG
ZH VKRXOG DGRSW WKH HIILFLHQW WHFKQRORJLHV WR SUR
GXFHPRUHIRRGRQVXVWDLQDEOHEDVLV1DQRWHFKQRO
RJ\KDVKLJKSRWHQWLDOWRLQFUHDVHWKHSURGXFWLYLW\RI
DJULFXOWXUH VHFWRU 3ODQW QXWULHQWV LQ IRUP RI QDQR
SDUWLFOHVRUQDQRIHUWLOL]HUVKDYHPRUHDYDLODELOLW\WR
SODQWVDQGLQFUHDVHWKHJURZWKDQG\LHOGRIFURSV,Q
WKLVUHJDUGVDQin vitroH[SHULPHQWZDVFDUULHGRXW
WR GHWHUPLQH WKH HIIHFW RI ]LQF R[LGH QDQRSDUWLFOHV
=Q213V RQJURZWKRISRWDWRH[SODQWV7KHVH=Q2
13VZHUHV\QWKHVL]HGIURPPRULQJDOHDYHVDQGDS
SOLHGZLWKGLIIHUHQWFRQFHQWUDWLRQV 
DQGSSP DORQJZLWK06PH
GLD'DWDSHUWDLQLQJWRSODQWKHLJKWQXPEHURIOHDYHV
DQGVKRRWUHFRUGHGDWGLIIHUHQWWLPHLQWHUYDOVH[KLE
LWHGWKDW=Q213VLQFUHDVHGSODQWKHLJKWQXPEHURI
VKRRWDQGOHDYHVLQSRWDWRH[SODQWV=Q213VDW
 DQGSSP LQFUHDVHGQXPEHU RI OHDYHV ZKLOH
SODQWKHLJKWZDVPD[LPXPDWDQGSSPDORQJ
ZLWK06PHGLD7KLVLQGLFDWHVWKDW=Q213VKDYH
SRWHQWLDOWRVWLPXODWHWKHJURZWKRISODQWVLQin vitro
FRQGLWLRQ ,Q VKRUW DSSURSULDWH FRQFHQWUDWLRQ DQG
SK\VLFRFKHPLFDOSURSHUWLHVRIWKH=QQDQRSDUWLFOHV
FRXOGVLJQLILFDQWO\LPSURYHSRWDWRJURZWKXQGHUin
vitroFRQGLWLRQ



IURPFXUUHQWOHYHORIELOOLRQWRELOOLRQE\LV
H[SHFWHG6RZHVKRXOGIROORZRUDGRSWPRUHHIIHF
WLYHUHVRXUFHIXOWHFKQRORJLHVWRLQFUHDVHWKHSURGXF
WLRQRIIRRGFURSV>@,QWKLVUHJDUGQDQRWHFKQRORJ\
KDV D NH\ SRVLWLRQ LQ WUDQVIRUPLQJ DJULFXOWXUH DQG
IRRG SURGXFWLRQ ,W LV VXFFHVVIXOO\ XVHG RQ D ODUJH
VFDOHWRLPSURYHWKHSURGXFWLYLW\RIYDULRXVFURSVE\
JLYLQJQRYHODJURFKHPLFDOV>@1DQRSHVWLFLGHVDQG
QDQRIHUWLOL]HUVDUHEHLQJDSSOLHGLQVHYHUDOFRXQWULHV
RIWKHZRUOG>@,QPRGHUQHUDRIDJULFXOWXUHWKH
GHPDQGRIQDQRIHUWLOL]HUVLVLQFUHDVLQJGD\E\GD\
DQGLWVEHQHILFLDOHIIHFWVKDYHEHHQGRFXPHQWHGE\
UHVHDUFKHUV>@,QFRQYHQWLRQDODJULFXOWXUHPDMRULW\
RIPLQHUDOQXWULHQWVDQGFKHPLFDOVXVHGIRUFURSSUR
GXFWLRQDUHORVWDQGGRQRWUHDFKWKHLUWDUJHWSRLQWV
EHFDXVHRIYDULRXVIDFWRUVVXFKDVPLFURELDOGHJUD
GDWLRQK\GURO\VLVOHDFKLQJSKRWRO\VLVDQGGULIWLQJ
1DQRSDUWLFOHV RIIHU DQ HIIHFWLYH PHDQV WR GLVSHQVH
IHUWLOL]HUVDQGSHVWLFLGHVLQDFRQWUROOHGIDVKLRQZLWK
KLJKHUVLWHVSHFLILFLW\FRQVHTXHQWO\GHFUHDVLQJFRO
ODWHUDOORVVHV7KXVXVHRIQDQRWHFKQRORJ\DWIDUP
OHYHO LV DOVR JDLQLQJ SRSXODULW\ DPRQJ DJULFXOWXUDO
UHVHDUFKHUVWRJLYHSUHFLVHTXDQWLW\RIIHUWLOL]HUVDQG
SHVWLFLGHV>@
=LQF =Q  LV DQ LPSRUWDQW PLFURQXWULHQW IRU
SODQWVDQGDQLPDOVDQGLWVGHILFLHQF\OHDGVWRUHGXF
WLRQLQJURZWKDQGGHYHORSPHQW>@=QWDNHV
SDUWDQLPSRUWDQWUROHGXULQJ'1$UHSOLFDWLRQFHOO
GLYLVLRQ FKORURSK\OO V\QWKHVLV DQG LW LPSURYHV WKH
LPPXQHV\VWHPRISODQWV>@=QIHUWLOL]DWLRQVLJ
QLILFDQWO\ LQFUHDVHG JURZWK DQG \LHOG RI GLIIHUHQW
FURSSODQWVVXFKDVULFHZKHDWEDUOH\PDL]HDOIDOID
FRWWRQ SRWDWR HWF >@ =LQF GHILFLHQF\ FDXVHV UH
GXFWLRQ LQ SKRWRV\QWKHVLV DPLQR DFLG DQG SURWHLQ
DFFXPXODWLRQ LQ SODQWV WLVVXHV >@ =LQF R[LGH
=Q2 QDQRSDUWLFOHV 13V SRVVHVVDSRWHQWLDOWRLQ
FUHDVHWKHJURZWKDQG\LHOGRIIRRGFURSV=Q213V
LVEHLQJXVHGDVIHUWLOL]HULQWKHZRUOGDQGVXFKW\SHV
RIQDQRIHUWLOL]HUV SOD\ D VLJQLILFDQW UROH LQDJULFXO
WXUH>@3HDQXWVHHGVWUHDWHGZLWKGLIIHUHQWFRQFHQ
WUDWLRQVRI=Q213V SSP VKRZHGVLJQLIL
FDQWPRUHVHHGJHUPLQDWLRQKLJKYLJRURIVHHGOLQJV

.(<:25'6
0RULQJD=Q213V1DQRIHUWLOL]HU3RWDWRIn vitro



,1752'8&7,21

1DQRWHFKQRORJ\ LV VW FHQWXU\ VFLHQFH DQG
GHDOVZLWKPDQLSXODWLRQRIPROHFXOHVDQGDWRPVDWD
QDQRVFDOH UDQJLQJ IURP  QP WR  QP > @
1DQRWHFKQRORJ\KDVEHHQDSSOLHGLQGLIIHUHQWILHOGV
HJDJULFXOWXUHELRORJ\DQGFKHPLVWU\,Q$JULFXO
WXUHLWKDVKXJHSRWHQWLDOWRFKDQJHFRQYHQWLRQDODJ
ULFXOWXUHSUDFWLFHV>@$VWKHSRSXODWLRQRIWKHZRUOG
LVLQFUHDVLQJTXLFNO\DQGHVWLPDWHGSRSXODWLRQULVH
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),*85(
*URZWKRISRWDWRH[SODQWVVXSSOHPHQWHGZLWK=Q213VDORQJZLWK06PHGLD


),*85(
&KDUDFWHUL]DWLRQRIELRV\QWKHVL]HG=Q213VIURP0RULQJDH[WUDFWVE\;5'SDWWHUQRI=Q213V $ 
6(0DQDO\VLVRI=Q213VDQG % (';VSHFWURVFRS\ & DQDO\VLVRI=Q213V

DQG SODQW JURZWK 7KHVH =Q2 13V DOVR LQFUHDVHG
URRW DQG VWHP JURZWK RI SHDQXWV >@ 6LPLODUO\
6LQJKHWDO  GRFXPHQWHGDQLQFUHDVHLQJHUPLQD
WLRQJURZWKSLJPHQWVVXJDUFRQWHQWDQGUHGXFWDVH
DFWLYLW\LQSODQWVLQILHOGFRQGLWLRQ1DQRIHUWLOL]HULV
PRUHHIIHFWLYHWKDQFRQYHQWLRQDOIHUWLOL]HUEHFDXVHLW
QRWRQO\JLYHVQXWULHQWWRSODQWEXWDOVRUHYLYHVVRLO
WRDQRUJDQLFVWDWHZLWKRXWKDUPIXOHIIHFWV7KH\LHOG
RI ZKHDW FURS LQFUHDVHG ± ZKHQ VHHG VHHGV
ZHUH WUHDWHG ZLWK PHWDO QDQRSDUWLFOHV >@ /RSH]
0RUHQRHWDO>@QRWHGWKDW=Q13VHQKDQFHGSODQW
JURZWKDQGLQFUHDVHGURRWELRPDVVLQVR\EHDQ=Q2
13VKDGSRVLWLYHHIIHFWVRQVHHGJHUPLQDWLRQLQSHDUO
PLOOHWDQGLQFUHDVHGLWVJURZWK6LQJKHWDO>@DQG
5L]ZDQHWDO>@DOVRUHFRUGHGWKHSRVLWLYHHIIHFWV
RI =Q2 13V RQ SK\VLRORJLFDO WUDLWV RI ZKHDW DQG
PDL]H SODQWV XQGHU ILHOG FRQGLWLRQV 'X HW DO >@

UHSUHVHQWHGWKDWWKH=Q213VKDGVLJQLILFDQWHIIHFWV
RQVHHGJHUPLQDWLRQDQGJURZWKRIZKHDWFRPSDUHG
WR=Q62-DQPRKDPPDGLHWDO>@DSSOLHG=Q13V
LQ SRWDWR FURSV XQGHU ILHOG FRQGLWLRQ DQG UHFRUGHG
KLJKHUWXEHUZHLJKWGLDPHWHUIUHVKZHLJKWQXPEHU
RIWXEHUVOHDYHVGU\ZHLJKWGU\PDWWHUFRQWHQWDQG
ILQDO WXEHU \LHOG $OLNH DSSOLFDWLRQV RI =Q 13V
VKRZHGVLJQLILFDQWSRVLWLYHHIIHFWVRQWRPDWRSODQWV
ZKLFKH[KLELWHGKLJKJHUPLQDWLRQJURZWKDQG\LHOG
>@
3RWDWRLVWKHODUJHVWFRQVXPDEOHYHJHWDEOHIRRG
FURSLQWKHZRUOGDQGPLOOLRQWRQVRISRWDWR
WXEHUV ZHUH SURGXFHG GXULQJ  >@ +RZHYHU
GLIIHUHQWGLVHDVHVDIIHFWWKHSRWDWRFURSLQILHOGDQG
WKHVH GLVHDVHV WUDQVPLWWHG PRVWO\ WKURXJK LQIHFWHG
WXEHUV 7LVVXH FXOWXUH LV DQ LPSRUWDQW WHFKQLTXH WR
VFUHHQWKHSODQWOHWVDQGLWJLYHVDQLPSRUWDQW
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),*85(
;5'SDWWHUQRI=Q2QDQRSDUWLFOHVV\QWKHVL]HGIURP0RULQJDH[WUDFW

RSSRUWXQLW\WRVWXG\YDULRXVFKDUDFWHULVWLFVRISODQW
JURZWK DQG GHYHORSPHQW XQGHU FRQWUROOHG HQYLURQ
PHQWDOFRQGLWLRQ>@,QUHFHQWGHFDGHXVHRI
QDQRSDUWLFOHV KDV HIIHFWLYHO\ OHG WR HUDGLFDWLRQ RI
GLVHDVHFRQWDPLQDQWVIURPH[SODQWVDQGVKRZHGSRV
LWLYHUROHRI13VLQRUJDQRJHQHVLVVRPDWLFHPEU\R
JHQHVLVFDOOXVLQGXFWLRQJHQHWLFWUDQVIRUPDWLRQDQG
VHFRQGDU\PHWDEROLWHSURGXFWLRQ>@'LIIHUHQWUH
VHDUFKHVKDYHUHYHDOHGWKDW13VKDYHSRVLWLYHHIIHFWV
RQ UHJHQHUDWLRQ RI VKRRWV DQG JURZWK RI SODQW ,Q
Tecomella undulataWKHUDWHRIVKRRWLQGXFWLRQDQG
VKRRWVSODQW ZHUH PRUH ZKHQ VWHP H[SODQWV ZHUH
FXOWXUHGRQ06PHGLDSOXVPJ/VLOYHUQDQRSDU
WLFOHV >@ .RXKL HW DO >@ DQG .RXKL HW DO >@
UHFRUGHGSRVLWLYHHIIHFWRI=Q213VRQJHUPLQDWLRQ
RI UDSHVHHG $OLNH .RXKL DQG /DKRXWL >@ XVHG
=Q213VLQin vitroFRQGLWLRQDQGUHSRUWHGEHQHIL
FLDO HIIHFWV RQ FDOOXV DQGRU VKRRW UHJHQHUDWLRQ LQ
UDSHVHHG$SSOLFDWLRQRI=Q213VVLJQLILFDQWO\LQ
FUHDVHGFKORURSK\OOFRQWHQWSODQWKHLJKWSODQWELR
PDVVRIWRPDWRSODQW>@
.HHSLQJ LQ YLHZ WKH DERYH LPSRUWDQFH RI =Q
DQG 13V DQG ZLGH DSSOLFDWLRQ RI GLIIHUHQW 13V LQ
DJULFXOWXUHXQGHUILHOGDQGin vitroFRQGLWLRQWKHSUH
VHQWH[SHULPHQWZDVFDUULHGRXWWRVWXG\WKHHIIHFWV
RIJUHHQV\QWKHVL]HG=Q13VRQDJURQRPLFWUDLWVRI
SRWDWRH[SODQWVLQin vitroFRQGLWLRQ


0$7(5,$/6$1'0(7+2'6

=Q213VZHUHV\QWKHVL]HGE\JUHHQV\QWKHVLV
PHWKRG 0RULQJD Moringa oleifera /  ZDV WDNHQ
IURP SODQW SUHVHUYDWLRQ UHVRXUFH FHQWHU DW QDWLRQDO
DJULFXOWXUHUHVHDUFKFRXQFLO3ODQWOHDYHV J ZHUH



FKRSSHGLQWRVPDOOSLHFHVZDVKHGZLWKGLVWLOOHGZD
WHUDQGZDVSODFHGDWKRWSODWHDW&E\FRQWLQXRXV
VWLUULQJ ZLWK PDJQHWLF VWLUUHU 6ROXWLRQ ZDV KHDWHG
XQWLOLWEHFRPHVGHHS\HOORZFRORUHGDWR&ZKLFK
LQGLFDWHG WKH V\QWKHVLV RI ]LQF QDQRSDUWLFOHV 7KHQ
H[WUDFWZDVILOWHUHGXVLQJ:KDWPDQILOWHUSDSHUIRO
ORZHGE\GU\LQJDQGFDOFLQDWLRQE\WUDQVIHUULQJLWLQ
DFHUDPLFFUXFLEOHFXSKHDWHGXSWRR&LQDWXEH
IXUQDFHIRUWZRKRXUVZKLFKWKHQUHIULJHUDWHGDW&
IRUIXUWKHUXVH
6\QWKHVL]HG]LQFR[LGHQDQRSDUWLFOHVZHUHWKHQ
VXEMHFWHG WR GLIIHUHQW FKDUDFWHUL]DWLRQ WHFKQLTXHV
VXFKDV;UD\VGLIIUDFWLRQVFDQQLQJHOHFWURQPLFURV
FRS\DQGHQHUJ\GLVSHUVLYH;UD\VSHFWURVFRS\7KH
FU\VWDOVWUXFWXUHVL]HSHDNSRVLWLRQZDVGHWHUPLQHG
YLD;UD\VGLIIUDFWLRQWHFKQLTXH7KHHOHFWULFDODQG
RSWLFDOWKLFNDQGWKLQILOPVGHSHQGXSRQWKHLUFU\V
WDOORJUDSKLFQDWXUH7KHVDPSOH¶VSDWWHUQVREWDLQHG
H[SHULPHQWDOO\DUHFRPSDUHGZLWKVWDQGDUGSRZGHU
GLIIUDFWLRQ >@ $OLNH VDPSOHV ZHUH VHQW WR VFDQ
QLQJHOHFWURQPLFURVFRS\ 6(0 WRGHYHORSWKHLP
DJH:KHQEHDPRIHOHFWURQVLQWHUDFWZLWKWKHVDP
SOHLWSURGXFHVWKHGLIIHUHQWVLJQDOVWKDWFDQEHXVHG
WRWDNHLQIRUPDWLRQDERXWWKHFRPSRVLWLRQDQGVXU
IDFHWRSRJUDSK\RISDUWLFOHV
3RWDWRH[SODQWFXOWXUHZDVSUHSDUHGXVLQJDVHS
WLF WHFKQLTXHV 7KH EDVLF PHGLD ZKLFK FRPPRQO\
XVHG 0RULVKLJHDQG6NRRJ ZDVXVHGLQWKLVH[SHU
LPHQW >@ 7KH H[SHULPHQW FRPSULVHG RI PRULQJD
=Q213VDWFRQFHQWUDWLRQRI
SSP'DWDUHJDUGLQJSODQWKHLJKW
QXPEHU RI OHDYHV DQG VKRRWV ZHUH UHFRUGHG IRUW
QLJKWO\LQWHUYDOXSWRGD\V$OOWKHFROOHFWHGGDWD
ZHUH DQDO\]HG XVLQJ VWDWLVWL[  DQG PHDQV ZHUH
FRPSDUHGE\/6'YDOXHDWSUREDELOLW\OHYHO
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E\DQGSSP 7DEOH ([SODQWVVXSSOHPHQWHG
ZLWKDORQH06PHGLDVKRZHGOHVVQXPEHURIOHDYHV
KRZHYHULWZDVDWSDUZLWK06PHGLDSOXVDQG
SSP=Q213V$W'$7H[SODQWVSURGXFHGPRUH
QXPEHURIOHDYHVZKLFKUHFHLYHGSPRI=Q2
13VEXWLWZDVVWDWLVWLFDOO\HTXDOWRDQGSSP
ZKHUHDVFRQWUROWUHDWPHQW DORQH06PHGLD 

5(68/76

5HVXOWVVKRZHGWKDW=Q213VDIIHFWHGQXPEHU
RIOHDYHVLQSRWDWRH[SODQWVin vitroFRQGLWLRQ$IWHU
 GD\V RI WUHDWPHQW PRUH QXPEHU RI OHDYHV ZDV
QRWHGIRU06PHGLDSOXVSSP=Q213VIROORZHG


7$%/(
(IIHFWRI=Q213VRQQXPEHURIOHDYHVLQSRWDWRXQGHUin vitroFRQGLWLRQ
GD\V
GD\V
GD\V
7UHDWPHQWV
GD\V

I
I
G
I
SSP
HI
FG
F
GH
SSP
GH
HI
G
I
SSP
E
EF
EF
FG
SSP
FG
GHI
DE
EF
SSP
GH
FGH
G
HI
SSP
D
D
D
DE
SSP
E
D
D
DE
SSP
GH
FG
F
FG
SSP
I
FG
EF
EF
SSP
EF
DE
DE
D
/6'





7$%/(
(IIHFWRI=Q213VRQQXPEHURIVKRRWVLQSRWDWRXQGHUin vitroFRQGLWLRQ
GD\V
GD\V
GD\V
7UHDWPHQWV
GD\V

DE
DE
DEFG
D
SSP
DE
FG
DEF
D
SSP
DE
G
GH
E
SSP
E
FG
FGH
DE
SSP
DE
D
DE
D
SSP
E
G
H
E
SSP
DE
G
EFGH
DE
SSP
DE
DEF
DEFGH
D
SSP
DE
EFG
FGH
DE
SSP
DE
FG
EFGH
DE
SSP
D
DE
D
D
/6'





7$%/(
(IIHFWRI=Q213VRQSODQWKHLJKW FP RISRWDWRXQGHUin vitroFRQGLWLRQ
GD\V
GD\V
GD\V
7UHDWPHQWV
GD\V

G
F
G
H
SSP
G
D
DE
DE
SSP
G
EF
FG
FGH
SSP
DE
D
D
D
SSP
D
EF
FG
FGH
SSP
FG
EF
FG
FGH
SSP
DEFG
EF
EF
EFG
SSP
DEF
E
FG
DEF
SSP
G
F
FG
FGH
SSP
G
F
FG
GH
SSP
EFG
EF
FG
EFGH
/6'
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H[KLELWHGOHDVWQXPEHURIOHDYHVZKLFKZDVDOVRDW
SDUZLWKDQGSSPRI=Q213V6LPLODUWUHQG
ZDV UHFRUGHG DW  DQG  '$7 +RZHYHU DW 
'$7H[SODQWVVXSSOHPHQWHGZLWKSSPRI=Q2
13V VKRZHG PD[LPXP QXPEHU RI OHDYHV ZKLFK
ZHUHDWSDUZLWKDQGSSPRI=Q213V
5HVXOWVSHUWDLQLQJWRQXPEHURIVKRRWH[KLELWHG
WKDWDIWHUGD\VRIDSSOLFDWLRQRI=Q213VPD[L
PXPVKRRWVSODQWZDVGHSLFWHGIRUSSPRI=Q2
13V ZKLFK ZDV DW SDU ZLWK DOO OHYHOV RI =Q2 13V
H[FHSWSSP 7DEOH +RZHYHUDQG'$7
PD[LPXPVKRRWSODQWZDVQRWHGIRUH[SODQWVVXSSOH
PHQWHG ZLWK  SSP RI =Q2 13V ZKLFK ZDV DOVR
VLPLODUWRFRQWURO DORQH06PHGLD SSPDQG
SSPRI=Q213V$W'$7SSPRI=Q213V
HQKDQFHGWKHQXPEHURIVKRRWLQH[SODQWVKRZHYHULW
ZDVHTXDOWRDOOWUHDWPHQWVH[FHSWDQGSSP
=Q213VDOVRLQFUHDVHGWKHSODQWKHLJKWRISR
WDWRH[SODQWXQGHUin vitroFRQGLWLRQ0D[LPXPSODQW
KHLJKWZDVQRWHGZKHUHSSPRI=Q213VZDVDS
SOLHGZKLFKZDVVWDWLVWLFDOO\HTXDOWRDQG
SSPRI=Q213VZKLOHPLQLPXPKHLJKWZDVQRWHG
IRUDQGSSPRI=Q213V 7DEOH 
+RZHYHUDQG'$7H[SODQWVSURYLGHGZLWK
DQGSSPRI=Q213VVKRZHGPD[LPXPSODQW
KHLJKWFRPSDUHGWRRWKHUOHYHOVRI13V+RZHYHUDW
'$7SODQWKHLJKWRIH[SODQWVVXSSOHPHQWHGZLWK
SSPRI=Q213VZDVDOVRDWSDUZLWKH[SODQWVRI
 DQG  SSP ZKLOH FRQWURO WUHDWPHQW DORQH 06
PHGLD  H[KLELWHG PLQLPXP SODQW KHLJKW EXW LW ZDV
DOVRDWSDUZLWKDQGSSPRI
=Q213V


',6&866,21

5HVXOWV UHYHDOHG WKDW DSSOLFDWLRQ RI =Q2 13V
 QP  V\QWKHVLV IURP PRULQJD OHDYHV LQ
FUHDVHGQXPEHURIOHDYHVVKRRWDQGKHLJKWRISRWDWR
H[SODQWVLQin vitroFRQGLWLRQ,QFDVHRIQXPEHURI
OHDYHVDQGSSPRI=Q213VHQKDQFHG
QXPEHURIOHDYHV%XWWKLVWUHQGZDVQRWREVHUYHGLQ
FDVHRIQXPEHURIVKRRWVDW'$7ZKLOHLQSODQW
KHLJKWRIH[SODQWVDQGSSPVKRZHGPRUHEHQ
HILFLDOHIIHFWVDQGUHFRUGHGPRUHSODQWKHLJKWFRP
SDUHG WR RWKHU WUHDWPHQWV 7KHVH UHVXOWV LQGLFDWHG
WKDW=Q213VKDGSRVLWLYHHIIHFWVRQSRWDWRH[SODQWV
LQGXFHGPRUHJURZWKDQGLQFUHDVHGVKRRWUHJHQHUD
WLRQWUDLWVRISRWDWR*UHHQRUELRV\QWKHVLVRIQDQR
SDUWLFOHV FDQ EH XVHG WR GHWHUPLQH WKH VLJQLILFDQFH
DQG KDUPIXOQHVV LQ OLYLQJ V\VWHPV >@ 0DQ\ UH
VHDUFKHUV UHSRUWHG D QXPEHU H[WUDFW IURP GLIIHUHQW
SODQWVZHUHXVHGIRUWKHV\QWKHVLVRI=QQDQRSDUWL
FOHV VXFK DV Andrographis paniculate >@ albizia
saman >@ 1\FWDQWKHV flower, *DUFLQLD mangostana >@DQGUlva lactuca >@2XUUHVXOWV
FRUURERUDWHZLWK>@ZKRDSSOLHG=Q213VRQUDSH
VHHGin vitroFRQGLWLRQDQGQRWHGWKDW=Q213VVLJ
QLILFDQWO\LQGXFHGFDOOXVIRUPDWLRQLPSURYHGVKRRW
UHJHQHUDWLRQ LQ UDSHVHHG $OLNH 5DOL\D HW DO >@



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

XVHG=Q213VLQWRPDWRSODQWV7KH\UHSRUWHGWKDW
=Q213VSURJUHVVLYHO\HQKDQFHGSODQWKHLJKWIUHVK
ELRPDVV DQG FKORURSK\OO FRQWHQW RI WRPDWR SODQWV
FRPSDUHGWRFRQWUROWUHDWPHQWV$JKGDHLHWDO>@
DSSOLHG  PJ/ $J 13V SOXV 06 PHGLD DQG 
PJ/,$$DQGPJ/%$3RQTecomella undulata LQ in vitro FRQGLWLRQ 7KH\ REVHUYHG PRUH
VKRRWVSODQWDQGWKHLULQGXFWLRQUDWHZDVDOVRKLJK
)XUWKHUPRUH =Q2 13V LPSURYHG FDOOXV IRUPDWLRQ
SURFHVVZKHQVWHPH[SODQWVZHUHFXOWXUHG.RXKLHW
DO>@DQG.RXKLHWDO>@GRFXPHQWHGWKDWUDSH
VHHG JHUPLQDWLRQ ZDV PD[LPXP ZKHUH =Q2 13V
ZDV DSSOLHG 13V KDYH VLJQLILFDQW SRWHQWLDO WR LP
SURYHSODQWJURZWKXQGHULQYLWURDQGILHOGFRQGLWLRQ
FRPSDUHG WR RUGLQDU\ QXWULHQWV EHFDXVH WKH DYDLOD
ELOLW\RIQDQRSDUWLFOHVLQVRLOLVPRUHDQGWKH\DOVR
KHOSWKHVRLOWRUHYLYHWRLWVDQRUJDQLFVWDWHZLWKRXW
FUHDWLQJDQ\KD]DUGRXVHIIHFWVDVLQFDVHRIQXWULHQWV
DSSOLHG WKURXJK FKHPLFDO IHUWLOL]HUV RU SHVWLFLGHV
%DWVPDQRYDHWDO>@FRPSDUHGWKH\LHOGRIZKHDW
E\ DSSO\LQJ QDQRIHUWLOL]HU DQG FRQYHQWLRQDO IHUWL
OL]HU 7KH\ UHSRUWHG WKDW ZKHDW SURGXFHG ±
H[WUD JUDLQV ZKHUH QDQRIHUWLOL]HU ZDV DSSOLHG WKDQ
FRQYHQWLRQDOIHUWLOL]HULQILHOGFRQGLWLRQ5DLNRYDHW
DO>@UHFRGHGDQLPSURYHPHQWLQFURS\LHOGZKHQ
=Q213VZHUHDSSOLHG7KH\IXUWKHUVXJJHVWHGWKDW
DSSOLFDWLRQ RI QDQRIHUWLOL]HUV ZLOO LQFUHDVH WKH
SURGXFWLYLW\RIDJULFXOWXUHVHFWRUDV13VORVVHVDUH
OHVVWKDQWKHLUDYDLODELOLW\7KXVPD[LPXPQXWULHQWV
ZLOO EH DYDLODEOH WR FURS SODQWV 3UDVDG HW DO >@
WUHDWHG SHDQXW VHHGV ZLWK =Q2 13V  SSP 
DQGUHFRUGHGPD[LPXPJHUPLQDWLRQPRUHVHHGOLQJ
YLJRU DQG SODQW JURZWK -DQPRKDPPDGL HW DO >@
XVHG=Q13VRQSRWDWRHVXQGHUILHOGFRQGLWLRQDQG
GRFXPHQWHG PRUH \LHOG GXH WR PRUH WXEHUVSODQW
KLJKIUHVKDQGGU\ZHLJKWRIWXEHUV
,QFRQFOXVLRQ=Q213VKDVVLJQLILFDQWSRWHQ
WLDOWRLPSURYHWKHJURZWKRISRWDWRH[SODQWVXQGHU
in vitroFRQGLWLRQ


5()(5(1&(6

>@ *DUGHD7RUUHVGH\-/5LFR&0:KLWH-&
 7URSKLFWUDQVIHUWUDQVIRUPDWLRQDQGLP
SDFW RI HQJLQHHUHG QDQRPDWHULDOV LQ WHUUHVWULDO
HQYLURQPHQWV (QYLURQPHQWDO 6FLHQFH DQG
7HFKQRORJ\ ±
>@ -HHYDQDQGDP - &KDQ <6 'XIUHVQH $
'DQTXDK0.  5HYLHZRQQDQRSDUWLFOHV
DQGQDQRVWUXFWXUHGPDWHULDOV+LVWRU\VRXUFHV
WR[LFLW\ DQG UHJXODWLRQV %HLOVWHLQ -RXUQDO RI
1DQRWHFKQRORJ\
>@ 3UDVDG 5 %KDWWDFKDU\\D $ 1JX\HQ 4'
  1DQRWHFKQRORJ\ LQ VXVWDLQDEOH DJULFXO
WXUHUHFHQWGHYHORSPHQWVFKDOOHQJHVDQGSHU
VSHFWLYHV)URQWLHUVLQ0LFURELRORJ\ 
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>@ &KHQ+DQG<DGD5  1DQRWHFKQRORJLHV
LQDJULFXOWXUHQHZWRROVIRUVXVWDLQDEOHGHYHO
RSPHQW7UHQGVLQ)RRG6FLHQFH 7HFKQRORJ\
  ±
>@ .DUU\5**RXGD6'DV*9LVKQXSUDVDG
&13DWUD-.  $JULFXOWXUDOQDQRWHFK
QRORJLHV &XUUHQW DSSOLFDWLRQV DQG IXWXUH SUR
VSHFWV ,Q0LFURELDO %LRWHFKQRORJ\ 6SULQJHU
6LQJDSRUH
>@ 6DIDUL - =DUQHJDU =   $GYDQFHG GUXJ
GHOLYHU\V\VWHPV1DQRWHFKQRORJ\RIKHDOWKGH
VLJQ$UHYLHZ-RXUQDORI6DXGL&KHPLFDO6RFL
HW\  
>@ -\RWKL 79 +HEVXU 16   (IIHFW RI
QDQRIHUWLOL]HUVRQJURZWKDQG\LHOGRIVHOHFWHG
FHUHDOV$UHYLHZ$JULFXOWXUDO5HYLHZV  

>@ 0DUVFKQHU+  =LQFXSWDNHIURPVRLOVZ
=LQF LQ VRLOV DQG SODQWV HG 5REVRQ $' 
6SULQJHU'RUGUHFKW
>@ =KX++DQ-;LDR-4-LQ<  8S
WDNHWUDQVORFDWLRQDQGDFFXPXODWLRQRIPDQX
IDFWXUHG LURQ R[LGH QDQRSDUWLFOHV E\ SXPSNLQ
SODQWV -RXUQDO RI (QYLURQPHQWDO 0RQLWRULQJ
  
>@5RRKDQL1+XUUHOO5.HOLVKDGL56FKXOLQ
5   =LQF DQG LWV LPSRUWDQFH IRU KXPDQ
KHDOWK $Q LQWHJUDWLYH UHYLHZ -RXUQDO RI 5H
VHDUFK,Q0HGLFDO6FLHQFHV7KH2IILFLDO-RXU
QDO2I,VIDKDQ8QLYHUVLW\2I0HGLFDO6FLHQFHV
  
>@><UXHOD ,   7UDQVLWLRQ PHWDOV LQ SODQW
SKRWRV\QWKHVLV0HWDOORPLFV  
>@*DODYL0<RVHIL.5DPURGL00RXVDYL
65  (IIHFWRIELRSKRVSKDWHDQGFKHP
LFDOSKRVSKRUXVIHUWLOL]HUDFFRPSDQLHGZLWKIR
OLDUDSSOLFDWLRQRIPLFURQXWULHQWVRQ\LHOGTXDO
LW\ DQG SKRVSKRUXV DQG ]LQF FRQFHQWUDWLRQ RI
PDL]H-RXUQDORI$JULFXOWXUDO6FLHQFH  

>@$OORZD\%-  =LQFLQVRLOVDQGFURSQX
WULWLRQ ,QWHUQDWLRQDO ]LQF DVVRFLDWLRQ ,=$ DQG
,)$%UXVVHOV%HOJLXPDQG3DULV
>@5DLNRYD 23 3DQLFKNLQ /$ 5DLNRYD 11
 6WXGLHVRQWKHHIIHFWRIXOWUDILQHPHWDO
SRZGHUVSURGXFHGE\GLIIHUHQWPHWKRGVRQSODQW
JURZWKDQGGHYHORSPHQW1DQRWHFKQRORJLHVDQG
LQIRUPDWLRQWHFKQRORJLHVLQWKHVWFHQWXU\,Q
3URFHHGLQJV RI WKH ,QWHUQDWLRQDO 6FLHQWLILF DQG
3UDFWLFDO&RQIHUHQFH0RVFRZ5XVVLD
>@3UDVDG 71 6XGKDNDU 3 6UHHQLYDVXOX <
 (IIHFWRIQDQRVFDOH]LQFR[LGHSDUWLFOHV
RQWKHJHUPLQDWLRQJURZWKDQG\LHOGRISHDQXW
-RXUQDORI3ODQW1XWULWLRQ  ±
>@6LQJK1$PLVW1<DGDY.6LQJK'3DQ
GH\-6LQJK6  =LQFR[LGHQDQRSDUWL
FOHVDVIHUWLOL]HUIRUWKHJHUPLQDWLRQJURZWKDQG
PHWDEROLVP RI YHJHWDEOH FURSV -RXUQDO RI
1DQRHQJLQHHULQJDQG1DQRPDQXIDFWXULQJ  




)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@%DWVPDQRYD/0*RQFKDU/07DUDQ1<
2NDQHQNR$$  8VLQJDFROORLGDOVROX
WLRQRIPHWDOQDQRSDUWLFOHVDVPLFURQXWULHQWIHU
WLOL]HU IRU FHUHDOV 3URFHHGLQJV RI WKH ,QWHUQD
WLRQDO &RQIHUHQFH 1DQRPDWHULDOV   
1$%0 SS 
>@/ySH]0RUHQR 0/ GH OD 5RVD * +HUQiQ
GH]9LH]FDV - $ &DVWLOOR0LFKHO + %RWH]
&( 3HUDOWD9LGHD -5 *DUGHD7RUUHVGH\
-/   (YLGHQFH RI WKH GLIIHUHQWLDO ELR
WUDQVIRUPDWLRQ DQG JHQRWR[LFLW\ RI =Q2 DQG
&H2QDQRSDUWLFOHVRQVR\EHDQ Glycine max 
SODQWV(QYLURQPHQWDO6FLHQFHDQG7HFKQRORJ\
  
>@6LQJK-.XPDU6$ORN$8SDGK\D\6.
5DZDW 0 7VDQJ '&: %RODQ 1 .LP
.+  7KHSRWHQWLDORIJUHHQV\QWKHVL]HG
]LQF R[LGH QDQRSDUWLFOHV DV QXWULHQW VRXUFH IRU
SODQW JURZWK -RXUQDO RI &OHDQHU 3URGXFWLRQ
±
>@5L]ZDQ0$OL6$OL%$GUHHV0$UVKDG
0 +XVVDLQ $ =LD XU 5HKPDQ 0 :DULV
$$  =LQFDQGLURQR[LGHQDQRSDUWLFOHV
LPSURYHGWKHSODQWJURZWKDQGUHGXFHGWKHR[L
GDWLYH VWUHVV DQG FDGPLXP FRQFHQWUDWLRQ LQ
ZKHDW&KHPRVSKHUH±
>@'X:<DQJ-3HQJ4/LDQJ;DQG0DR
+  &RPSDULVRQVWXG\RI]LQFQDQRSDUWL
FOHV DQG ]LQF VXOSKDWH RQ ZKHDW JURZWK IURP
WR[LFLW\DQG]LQFELRIRUWLILFDWLRQ&KHPRVSKHUH
±
>@-DQPRKDPPDGL 0 1DVHU 6 0RMWDED 1
6KDK\DU'  5HVSRQVHVRISRWDWR 6ROD
QXPWXEHURVXP/ YDU$JULDWRDSSOLFDWLRQRI
ELREXONDQGQDQRIHUWLOL]HUV$QQDOVRI%LROR
JLD  
>@5DOL\D57DUDIGDU-&  =Q2QDQRSDU
WLFOHV ELRV\QWKHVLV DQG LWV HIIHFW RQ SKRVSKR
URXVPRELOL]LQJHQ]\PHVHFUHWLRQDQGJXPFRQ
WHQWVLQ&OXVWHUEHDQ Cyamopsis tetragonoloba
/ $JULFXOWXUDO5HVHDUFK  
>@)$267$7  'DWDEDVH3URGXFWLRQ&URSV
>,QWHUQHW@ )RRG DQG $JULFXOWXUH 2UJDQL]DWLRQ
RI WKH 8QLWHG 1DWLRQV  >FLWHG  -XQ
@ $YDLODEOH IURP KWWSIDRVWDWIDR RUJ
EURZVH44&(
>@.KDODIDOOD$0  (IIHFWRISODQWGHQVLW\
DQG VHHG VL]H RQ JURZWK DQG \LHOG RI VRODQXP
SRWDWRLQ.KDUWRXP6WDWH6XGDQ$IULFDQ&URS
6FLHQFH-RXUQDO  
>@6KDWQDZL0-RKQVRQ.7RUS\)  In
vitroSURSDJDWLRQDQGFU\RVWRUDJHRISyzygium
francisii 0\UWDFHDH  E\ HQFDSVXODWLRQGHK\
GUDWLRQPHWKRGIn vitro&HOOXODUDQG'HYHORS
PHQWDO%LRORJ\3ODQW  
>@.LP-.%DVNDU7%3DUN68  6LO
YHUQLWUDWHDQGSXWUHVFLQHHQKDQFHLQYLWURVKRRW
RUJDQRJHQHVLVLQPolygonum tinctorium%LRVFL
HQFHV%LRWHFKQRORJ\5HVHDUFK$VLD±
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>@$JKGDHL06DUPDVW0.6DOHKL+  
(IIHFWVRIVLOYHUQDQRSDUWLFOHVRQTecomella undulata 5R[E  6HHP PLFURSURSDJDWLRQ $G
YDQFHVLQ+RUWLFXOWXUDO6FLHQFHV±
>@.RXKL600/DKRXWL0*DQMHDOL$(QWH
]DUL0+  &RPSDUDWLYHSK\WRWR[LFLW\RI
=Q2 QDQRSDUWLFOHV =Q2 PLFURSDUWLFOHV DQG
=QRQUDSHVHHG Brassica napus/ ,QYHVWL
JDWLQJDZLGHUDQJHRIFRQFHQWUDWLRQV7R[LFR
ORJLFDO DQG (QYLURQPHQWDO &KHPLVWU\   

>@.RXKL600/DKRXWL0*DQMHDOL$(QWH
]DUL 0+   &RPSDUDWLYH HIIHFWV RI =Q2
QDQRSDUWLFOHV=Q2EXONSDUWLFOHVDQG=QRQ
%UDVVLFD QDSXV DIWHU ORQJWHUP H[SRVXUH
&KDQJHV LQ JURZWK ELRFKHPLFDO FRPSRXQGV
DQWLR[LGDQWHQ]\PHDFWLYLWLHVDQG=QELRDFFX
PXODWLRQ :DWHU $LU DQG 6RLO 3ROOXWLRQ 

>@.RXKL600/DKRXWL0  $SSOLFDWLRQ
RI=Q2QDQRSDUWLFOHVIRULQGXFLQJFDOOXVLQWLV
VXHFXOWXUHRIUDSHVHHG,QWHUQDWLRQDO-RXUQDORI
1DQRVFLHQFHDQG1DQRWHFKQRORJ\
>@5DOL\D 5 1DLU 5 &KDYDOPDQH 6 :DQJ
:1 %LVZDV 3   0HFKDQLVWLF HYDOXD
WLRQRIWUDQVORFDWLRQDQGSK\VLRORJLFDOLPSDFWRI
WLWDQLXPGLR[LGHDQG]LQFR[LGHQDQRSDUWLFOHVRQ
WKH WRPDWR Solanum lycopersicum /  SODQW
0HWDOORPLFV  
>@&DOOLVWHU :'   0DWHULDOV 6FLHQFH DQG
(QJLQHHULQJ $Q ,QWURGXFWLRQ 1HZ <RUN
:LOH\,6%1
>@>@:KHHOHU9(YDQV1)RXOJHU':HEE
. .DUS $ )UDQNOLQ - %ULJKW 6  
6KRRWIRUPDWLRQIURPH[SODQWFXOWXUHVRIIRXU
WHHQSRWDWRFXOWLYDUVDQGVWXGLHVRIWKHF\WRORJ\
DQG PRUSKRORJ\ RI UHJHQHUDWHG SODQWV $QQDOV
RI%RWDQ\  
>@+XVHQ$6LGGLTL.6  3K\WRV\QWKHVLV
RI QDQRSDUWLFOHV FRQFHSW FRQWURYHUV\ DQG DS
SOLFDWLRQ 1DQRVFDOH 5HVHDUFK /HWWHUV   

>@5DMDNXPDU * 7KLUXYHQJDGDP 0 0\GKLOL
**RPDWKL7&KXQJ,0  *UHHQDS
SURDFKIRUV\QWKHVLVRI]LQFR[LGHQDQRSDUWLFOHV
IURPAndrographis paniculata OHDIH[WUDFWDQG
HYDOXDWLRQ RI WKHLU DQWLR[LGDQW DQWLGLDEHWLF
DQG DQWLLQIODPPDWRU\ DFWLYLWLHV %LRSURFHVV
DQG%LRV\VWHPV(QJLQHHULQJ  
>@'DSKHGDU $ 7DUDQDWK 7&   *UHHQ
V\QWKHVLVRI]LQFQDQRSDUWLFOHVXVLQJOHDIH[WUDFW
RIAlbizia saman DQGWKHLUHIIHFWRQURRWPHUL
VWHPVRIDrimia indica&DU\RORJLD  


)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@$PLQX]]DPDQ 0 <LQJ /3 *RK :6
:DWDQDEH $   *UHHQ V\QWKHVLV RI ]LQF
R[LGH QDQRSDUWLFOHV XVLQJ DTXHRXV H[WUDFW RI
Garcinia mangostana IUXLW SHULFDUS DQG WKHLU
SKRWRFDWDO\WLF DFWLYLW\ %XOOHWLQ RI 0DWHULDOV
6FLHQFH
>@-DPGDJQL 3 .KDWUL 3 5DQD - 6  
*UHHQV\QWKHVLVRI]LQFR[LGHQDQRSDUWLFOHVXV
LQJ IORZHU H[WUDFW RI Nyctanthes arbor-tristis
DQG WKHLU DQWLIXQJDO DFWLYLW\ -RXUQDO RI .LQJ
6DXG8QLYHUVLW\6FLHQFH  
>@,VKZDU\D 5 9DVHHKDUDQ % .DO\DQL 6
%DQXPDWKL % *RYLQGDUDMDQ 0 $OKDUEL
16%HQHOOL*  )DFLOHJUHHQV\QWKHVLV
RI]LQFR[LGHQDQRSDUWLFOHVXVLQJUlva lactuca
VHDZHHG H[WUDFW DQG HYDOXDWLRQ RI WKHLU SKRWR
FDWDO\WLF DQWLELRILOP DQG LQVHFWLFLGDO DFWLYLW\
-RXUQDORI3KRWRFKHPLVWU\DQG3KRWRELRORJ\%L
RORJ\  

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25

$ULID.KDQ
$SSOLHG%LRWHFKQRORJ\/DERUDWRU\
'HSDUWPHQWRI%LRORJLFDO6FLHQFHV,,8,VODPDEDG
,VODPDEDG±3DNLVWDQ
(PDLO DULIDSKGEW#LLXHGXSN
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*,6$1'5(027(6(16,1*$5(86('%<
08/7,&5,7(5,$'(&,6,21$1$/<6,60(7+2'
72'(7(50,1(7+(/$1'6/,'(6(16,7,9($5($6
2)0$/$7<$3529,1&(

0(UHQ2]WHNLQ 0LUDF.RVDU




9RFDWLRQDO6FKRRORI7HFKQLFDO6FLHQFHV8QLYHUVLW\RI&XNXURYD$GDQD7XUNH\
*HQHUDO'LUHFWRUDWHRI.D\VHUL:DWHUDQG6HZHUDJH$GPLQLVWUDWLRQ*HRJUDSKLFDO,QIRUPDWLRQ6\VWHPV%UDQFK2IILFH.D\VHUL7XUNH\

$%675$&7

5HPRWH 6HQVLQJ 56  WHFKQLTXHV DQG *HR
JUDSKLFDO,QIRUPDWLRQ6\VWHPV *,6 EDVHGDQDO\VLV
PHWKRGV KDYH EHHQ HVWDEOLVKHG IRU ODQGVOLGH ULVN
]RQHVLQ0DODW\D,QWKHSODQQLQJZRUNVWREHFDUULHG
RXW LQ WKH DUHDV DIIHFWHG E\ ODQGVOLGHV VHQVLWLYLW\
PDSVVKRZLQJZKHUHODQGVOLGHVPD\RFFXUFDQFRQ
WULEXWHVLJQLILFDQWO\WRUHGXFLQJODQGVOLGHORVVHV,Q
WKHIRUPDWLRQRIVHQVLWLYLW\PDS*,6EDVHG0XOWL
&ULWHULD 'HFLVLRQ $QDO\VLV */&$  PHWKRG ZDV
XVHGZLWKWKH4XDQWXP*,6SURJUDPZKLFKLV
RQHRIWKH*,6SURJUDPV7KHDQDO\VLVRIWKHOD\HUV
SDUDPHWHUV 6ORSH$VSHFW/LWKRORJ\1'9,(OH
YDWLRQ 7RSRJUDSKLFDO DQG 7RSRJUDSKLFDO :HWQHVV
,QGH[ XVHGLQWKHVWXG\DUHDZLWKWKLVPHWKRGZHUH
SHUIRUPHG7KHUHODWLYHVLJQLILFDQFHRIWKHSDUDPH
WHUVZDVGHWHUPLQHGE\$QDO\WLF+LHUDUFK\0HWKRG
:HLJKWHG/LQHDU0HUJHPHWKRGZDVXVHGWRJDWKHU
WKHGDWD&ULWHULDXVHGLQWKHVWXG\ZHUHVRUWHGDF
FRUGLQJWRWKHLUGHJUHHRILPSRUWDQFHDQGWKH\ZHUH
GLYLGHG LQWR  GLIIHUHQW GHJUHHV ZLWK D YHU\ KLJK
KLJKPLGGOHDQGOLWWOHDQGYHU\OLWWOHODQGVOLGHVXV
FHSWLELOLW\PDS$FFRUGLQJWRWKHUHVXOWPDSWKHH[
DPLQDWLRQ DUHD   KDYH YHU\ OLWWOH  
KDYHDORZKDYHDPRGHUDWHKDYH
DKLJKDQGKDYHDYHU\KLJKODQGVOLGHVXV
FHSWLELOLW\ :LWK WKH KHOS RI WKH VXVFHSWLELOLW\ PDS
SURGXFHG LW ZDV GHWHUPLQHG WKH URDG URXWHV WKDW
FRXOGEHGDPDJHGRUEHFRPHXQXVDEOHLQWKHSRVVL
EOH ODQGVOLGHV $V D UHVXOW RI WKH ILQGLQJV WDNLQJ
PHDVXUHV RU SURGXFLQJ DOWHUQDWLYH URXWHV WR WKHVH
URXWHVZLOOVLJQLILFDQWO\UHGXFHIXWXUHOLIHDQGSURS
HUW\ORVVHV



,1752'8&7,21

/DQGVOLGHVDUHFDWDVWURSKHVRFFXUULQJDVDUH
VXOWRISDUDPHWHUVRIWKHODQGVXUIDFHVXFKDVYHJH
WDWLRQ ODQG XVH WKH IUHTXHQF\ RI SUHFLSLWDWLRQ DQG
RWKHUSDUDPHWHUVLQUHODWLRQWRWKHVRLODQGWKHVXU
IDFHRI WKH ODQG>@ /DQGVOLGHV FDXVH DQXPEHU RI
XQIDYRUDEOH FRQGLWLRQV LQ WKH ORFDWLRQV ZKHUH WKH\
WDNHSODFHZKHWKHUGLUHFWO\RULQGLUHFWO\
2QWKHRWKHUKDQG>@GHILQHVODQGVOLGHDVWKH
PRYHPHQW RI WKH PDVV WRZDUGV WKH LQFOLQH RI WKH
VORSHZLWKWKHIRUFHRIJUDYLW\DQGDVDUHVXOWDSDUW
RIWKHODQGFKDQJHLWVVKDSHDQGSODFH
:LWK D YLHZ WR PRQLWRU WKH DOWHUDWLRQV RQ WKH
HDUWK UHVXOWLQJ IURP ERWK QDWXUDO DQG DUWLILFLDO SD
UDPHWHUV DQG HVSHFLDOO\ WR GHWHUPLQH WKH ODQGVOLGH
ULVNDQGVHQVLWLYLW\RIDUHJLRQZLWKWKHKHOSRI5H
PRWH 6HQVLQJ 56  DQG *HRJUDSKLFDO ,QIRUPDWLRQ
6\VWHPV &,6 DYDVWQXPEHURIVWXGLHVKDYHEHHQ
SURGXFHGLQWKHUHFHQW\HDUV>@
7KHPDLQREMHFWLYHRIWKH/DQGVOLGHULVNEHQH
ILWDQDO\VLVLVWRWDNHSUHFDXWLRQVDQGWRPLQLPL]HWKH
XQIDYRUDEOH HIIHFWV RI ODQGVOLGHV E\ ORFDWLQJ WKH
MHRSDUGRXV DQG KD]DUGRXV ILHOGV ZKHUH ODQGVOLGHV
FRXOGRFFXU
>@QRWHVWKDWULVNPDSVGHILQHVRFFXUUHQFHWKH
SDVW FDWDVWURSKHV VXFK DV ODQGVOLGHV HDUWKTXDNH
IORRGVDQGYROFDQLFHUXSWLRQVDQGWKH\SURYLGHWKH
LQIRUPDWLRQDERXWWKHHVWLPDWLRQVRISRVVLEOHIXWXUH
FDWDVWURSKHV
$IWHUWKHODQGVOLGHVRFFXUWKHIXQGVSHQWJORE
DOO\LVDSSUR[LPDWHO\ELOOLRQGROODUVZKHWKHULWLV
VSHQWIRUWKHRSHUDWLRQVDIWHUWKHODQGVOLGHRUIRUWKH
SUHFDXWLRQVEHIRUHWKHODQGVOLGHV>@>@6WDWHGWKDW
WKH PRVW GHVWUXFWLYH DQG KDUPIXO FDWDVWURSKHV WKDW
7XUNH\ KDG WKURXJKRXW WKH ODVW  \HDUV DUH HDUWK
TXDNHVE\DQGWKHODQGVOLGHVE\
7KHFRPPRQFDWDVWURSKHVRFFXUULQJDURXQGWKH
ZRUOGDUHPRVWO\HDUWKTXDNHVWRUQDGRHVIORRGVDQG
ODQGVOLGHV,QWKHILUVWKDOIRIRIDOOWKHFDWDV
WURSKHVRFFXUULQJDURXQGWKHJOREHIORRGVFRQVWLWXWH
ZKLOHWRUQDGRHVFRQVWLWXWH$QGWKHODQG
VOLGHVFRQVWLWXWH>@



.(<:25'6
/DQGVOLGH 0XOWL&ULWHULD 'HFLVLRQ $QDO\VLV 5HPRWH
6HQVLQJ*HRJUDSKLF,QIRUPDWLRQ6\VWHPV0DODW\D3URY
LQFH
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),*85(
7KHUDWLRRIFDWDVWURSKHW\SHVWRWKHQXPEHURIFDWDVWURSKHVLQ7XUNH\>@

(DUWKTXDNHVIORRGVDQGODQGVOLGHVDUHWKHOHDG
LQJFDWDVWURSKHVLQWHUPVRIGDPDJLQJHIIHFWLQ7XU
NH\DQGFRQVWUXFWLRQVZHUHGDPDJHGDQGEH
FDPH XQXVDEOH EHFDXVH RI ODQGVOLGHV EHWZHHQ WKH
\HDUV  >@ ,Q DGGLWLRQ WKHVH ODQGVOLGHV
GDPDJHGDJUHDWQXPEHURIUDLOZD\VDQGPRWRUZD\V
%HWZHHQDQGWKHHYDFXDWLRQIURPKRXVHV
UHVXOWHGIURPODQGVOLGHVE\>@
/DQGVOLGHVDUHDPRQJWKHFDWDVWURSKHVWKDWOHDG
QRWRQO\WRFDVXDOWLHVEXWDOVRHFRQRPLFDOGDPDJH
:KHQWKHODVW\HDUVRI7XUNH\LVVFDQQHGLQWHUPV
RIFDWDVWURSKHVODQGVOLGHVDUHWKHPRVWIUHTXHQWE\
 )LJXUH 
$V FDQ EH VHHQ IURP RIILFLDO GDWD ODQGVOLGH
HYHQWVFDXVHORVVRIOLIHRQWKHRQHKDQGDQGRQWKH
RWKHUKDQGLWFDXVHVJUHDWHFRQRPLFORVVHVDQGHFR
ORJLFDOULVNV0RVWRIWKHORVVHVDUHSHUVRQDODQGRF
FXUVLQSXEOLFSODFHVDQGWKHVHORVVHVDUHFDOFXODWHG
E\HVWLPDWLRQPHWKRGLVGHWHUPLQHG%XWPRVWORVVHV
LQWKHVHHVWLPDWLRQPHWKRGV IRUH[DPSOHWKHYDOXH
RIODQGVGHVWUR\HGE\ODQGVOLGHVLVWKHHFRQRPLFDQG
HFRORJLFDOYDOXHGDPDJHFDXVHGE\ZDWHUSROOXWLRQ
ODQGVOLGHWUDQVSRUWLQGXVWU\DQGWKHUHODWHGHFRQRP\
ODQGVOLGH ZKDW KDSSHQV RQ SHRSOH H[SRVHG WR WKH
HYHQWLVPDLQO\VSLULWXDORWKHUHFRORJLFDOHIIHFWVHWF 
DUHQRWWDNHQLQWRFRQVLGHUDWLRQ+HQFHWKHODQGVOLGH
WKHUHDOYDOXHRIWKHORVVHVUHVXOWLQJIURPWKHHYHQWV
LVPXFKPRUH
,QWKLVVWXG\ORFDWLQJWKHULVN\DUHDVIRUODQG
VOLGHV LQ 0DODW\D SURYLQFH LV DLPHG 6RPH RI WKH
FHQWUDOGLVWULFWVRI0DODW\DVXFKDV$UDSJLUDQG$U
JXYDQZHUHGLVORGJHGGXHWRWKHGDQJHURIODQGVOLGHV
LQWKH\HDUVDQG$QGLWKDVEHFRPH
DYLWDOLW\WRORFDWHWKHILHOGVLQGDQJHURIODQGVOLGHV
DVDUHVXOWRIWKHULVNRIPDVVVOLGHLQWKLVSURYLQFH
7KHODQGVOLGHVHQVLWLYLW\PDSVSURGXFHGLQWKLVVWXG\
ZLOOKHOSUHGXFHWKHSRVVLEOHFDVXDOWLHVDQGGDPDJHV
LIWKHDXWKRULWLHVRI0DODW\DSURYLQFHWDNHQHFHVVDU\
SUHFDXWLRQVLQULVN\DUHDVDQGLIWKH\SODQWKHORFDO
LQYHVWPHQWVDFFRUGLQJWRWKHVHPDSV





0$7(5,$/6$1'0(7+2'6

$VWKHILHOGRIWKHVWXG\0DODW\DLVORFDWHGRQ
  1RUWKDQG  (DVWFR
RUGLQDWLRQ ZKLFK LV LQ (DVWHUQ $QDWROLDQ 5HJLRQ¶
1RUWK)ÕUDWVHFWLRQ7KHSURYLQFHZDVILUVWLQKDELWHG
GXULQJWKH+LWWLWHVDQGVLQFHWKHQWKHFLW\KDVEHHQ
FROODSVHG DQG UHEXLOW PDQ\ WLPHV 0DODW\D LV EHVW
NQRZQ DV WKH FDSLWDO RI DSULFRW 7KH FXOWLYDWLRQ RI
DSULFRWLVVRGHQVHDQGSRSXODUWKDWRIDSULFRW
SURGXFWLRQLQ7XUNH\EHORQJVWR0DODW\D3ODLQDQG
WKH DSULFRW SURGXFHG KHUH LV ZRUOGIDPRXV )LJXUH
 
,QWKH6RXWK3ODLQZLWKWKHHIIHFWRIPRGHUDWH
WHPSHUDWXUHRI)ÕUDWDQG'LFOHULYHUVDQGWKHERLOLQJ
KRWZHDWKHURI6\ULD'HVHUWDVSHFLDOPLFUR0HGL
WHUUDQHDQFOLPDWHLVREVHUYHG
7KHHOHYDWLRQRI0DODW\DLVPHWHUVDQGJHWV
WKHPRVWSUHFLSLWDWLRQGXULQJWKHVSULQJPRQWKV7KH
ZHDWKHULVFRPSOHWHO\FOHDUDERXWGD\VRXW
RID\HDUDQGGD\VDUHSDUWO\FORXG\7KHWHP
SHUDWXUHLVJHQHUDOO\EHWZHHQDQGFHQWLJUDGH
GXULQJWKH\HDU$XJXVWLVWKHPRQWKZKHQWKHOHDVW
SUHFLSLWDWLRQ LV REVHUYHG ZLWK RQO\  PP ZKLOH LQ
$SULOWKHPRVWSUHFLSLWDWLRQLVREVHUYHGZLWKPP
)LJXUH 
,Q WKLV VWXG\ D YDULHW\ RI FRPSXWHU SUR
JUDPPHVKDYHEHHQXVHGPRVWRIWKHVWXG\KDVEHHQ
FDUULHG RXW HVSHFLDOO\ ZLWK WKH KHOS RI DQ RSHQ
VRXUFHFRGHG SURJUDPPH FDOOHG 4*,6 4XDQWXP
*,6 ZKLFKLVD*HRJUDSKLFDO,QIRUPDWLRQ6\V
WHP *,6 4*,6KDVEHHQGHYHORSHGXVLQJWKH&
SURJUDPPLQJ ODQJXDJH VLQFH 7KLV SURJUDP
SURYLGHVPXOWLSOHSODWIRUPVHQDEOLQJWRGLVSOD\UH
DUUDQJHDQGGLVVROYHWKHGDWD&RQWUDU\WRRWKHU*,6
VRIWZDUHV\VWHPV4*,6HQDEOHVWKHXVHUVWRFUHDWH
PXOWLOD\HUHGPDS E\ XVLQJYDULHW\RI PDS SURMHF
WLRQV 7KH PDSV FDQ EH FRQFHQWUDWHG LQ GLIIHUHQW
W\SHVDQGIRUGLIIHUHQWXVDJHV,QDGGLWLRQ4*,6HQ
DEOHVXVHUVWRLQWHJUDWH3RVW*,6*5$66DQG0DSV
HUYHUZKLFKPDNHVLWZLGHO\IXQFWLRQDO>@
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
6WXG\$UHD 0DSRI7XUNH\0DODW\D 





),*85(
0RQWKO\$YHUDJH7HPSHUDWXUHDQG3UHFLSLWDWLRQ*UDSKLF0DODW\D3URYLQFH>@
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


),*85(
7KH*HQHUDO)UDPHZRUNIRU0XOWL&ULWHULD'HFLVLRQ$QDO\VLV>@

&+$57
7KH3DLUZLVH&RPSDULVRQ0DWUL[>@
3DUDPHWHUV
6ORSH
7RSRJUDSKLFDO
1'9,
7:,
/LWKRORJ\
$VSHFW
(OHYDWLRQ
7RWDO

6ORSH









7RSRJUDSKLFDO 1'9,

















7:,









/LWKRORJ\









$VSHFW









(OHYDWLRQ









:HLJKW9DOXHV










SKDVH LQFOXGHV WKH FULWHULD WKDW VKRZV HYHU\WKLQJ
DERXWWKHSUREOHPDQGKHOSVWRILQGDVROXWLRQWRWKH
SUREOHP
7KHPDLQDLPRIWKHVWXG\LVWRFUHDWHDODQG
VOLGH ULVN PDS RI 0DODW\D DQG WR ORFDWH VDIH DUHDV
'XULQJWKHIRUPDWLRQRIWKHPDSV6ORSH$VSHFW/L
WKRORJ\(OHYDWLRQDQG7RSRJUDSKLFDO:HWQHVV,Q
GH[ 7:,  DQG 1RUPDOL]HG 'LIIHUHQFH 9HJHWDWLRQ
,QGH[ 1'9, ZHUHXVHG
7KHVXVFHSWLELOLW\PDSVFUHDWHGIRUHDFKOD\HU
ZHUH UHJURXSHG DFFRUGLQJ WR WKH PXWXDO LPSDFWRQ
RQHDQRWKHU
,Q 0&'$SUREOHPV WKHUH DUH SDUDPHWHUV GH
WHUPLQHGE\WKHGHFLVLRQPDNHUVDQGWKHVHSDUDPH
WHUVDUHUDWHGDFFRUGLQJWRWKHLULPSRUWDQFHUDWHV$V
WKHUHODWLYHVLJQLILFDQFHRIWKHSDUDPHWHUVKDGWREH
GHWHUPLQHGWKHLQIRUPDWLRQDERXWWKHVHSDUDPHWHUV
ZDVQHHGHG,QRUGHUWRGHWHUPLQHWKHUHODWLYHVLJQLI
LFDQFH RI HDFK SDUDPHWHU ZHLJKW YDOXHV DUH DS
SRLQWHGIRUHDFKRIWKHSDUDPHWHUV7KHZHLJKWYDO
XHVDUHWRGHWHUPLQHWKHUHODWLYHVLJQLILFDQFHRIDSD
UDPHWHU FRPSDULQJ WR WKH RWKHU SDUDPHWHUV :KLOH
FUHDWLQJWKHZHLJKWYDOXHVWKHLPSDFWRIWKHFKRLFHV
RIWKHGHFLVLRQPDNHUVLVWKHPRVWVLJQLILFDQWVWHSLQ
0&'$SUREOHPV>@
,Q WKLV VWXG\ VORSH DVSHFW OLWKRORJ\ YHJHWD
WLRQ HOHYDWLRQ 7RSRJUDSKLFDO :HWQHVV ,QGH[ DQG

,Q WKLV VWXG\ *,6EDVHG 0XOWL&ULWHULD 'HFL
VLRQ$QDO\VLV */&$ PHWKRGZDVXVHGWRIRUPWKH
ODQGVOLGHVXVFHSWLELOLW\PDSV,QJHQHUDO0XOWL&UL
WHULD'HFLVLRQ$QDO\VLVLVDPHWKRGDSSOLHGIRUDQD
O\]LQJFRPSOH[SUREOHPV )LJXUH 7KHVHPHWKRGV
LQFOXGHGLYLGLQJWKHSUREOHPVLQWRVPDOOVHFWLRQVWR
FRPSUHKHQGEHWWHUDQGFUHDWLQJDORJLFDOUHVROXWLRQ
IRUHDFKVPDOOVHFWLRQ>@,QRUGHUWRDSSO\0XOWL
&ULWHULD'HFLVLRQ$QDO\VLVPHWKRGDVHULHVRIJHQ
HUDOVWHSVVKRXOGEHIROORZHG
'XULQJ WKH GHFLVLRQPDNLQJ SURFHVV WKHUH
VKRXOG EH DQ H[LVWLQJ SUREOHP DQG WKH SUREOHP
VKRXOGEHDFNQRZOHGJHGDQGGHILQHG7KLVSKDVHLV
WKHGHWHUPLQDWLRQSKDVHRIWKHGHFLVLRQPDNLQJSUR
FHVVDQGLWUHTXLUHVVHDUFKLQJJDWKHULQJDQGH[DP
LQLQJ WKH GDWD IRU GHFLVLRQPDNLQJ SURFHVV *HR
JUDSKLFDO ,QIRUPDWLRQ 6\VWHP *,6  SOD\V DQ LP
SRUWDQW UROH LQ WKLV SKDVH ZKLOH SUHSDULQJ WKH GDWD
DQDO\VLV>@
6RPH RI WKH FHQWUDO GLVWULFWV RI 0DODW\D ZHUH
JUDGXDOO\HYDFXDWHGDVDUHVXOWRIWKHODQGVOLGHVLQ
WKH\HDUVDQG$QGWKHDUHDVZKHUH
WKHVHGLVWULFWVZHUHWUDQVIHUUHGDUHVWLOOXQGHUWKHULVN
RI ODQGVOLGHV %HFDXVH RI WKLV GDQJHU WKH VWXG\ RI
ULVNDVVHVVPHQWLVHVVHQWLDO
,Q0XOWL&ULWHULD'HFLVLRQ$QDO\VLV 0&'$ 
WKHVHFRQGSKDVHLVWKHHYDOXDWLRQFULWHULD>@7KLV
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WKH ZHLJKW LQGH[ RI VRLO OD\HUV DUH GHWHUPLQHG YLD
SDLUZLVH FRPSDULVRQ PDWUL[ ZLWK WKH KHOS RI $+3
ZKLFK LV DQ H[WHQVLRQ RI 4XDQWXP *,6 VRIWZDUH
&KDUW 
7KH 3DLUZLVH &RPSDULVRQ 0DWUL[ ZKLFK ZDV
GHYHORSHGE\>@LVRIWHQXVHGLQFRPELQDWLRQZLWK
$QDO\WLFDO+LHUDUFK\3URFHVVHV $+3 
7KHIROORZLQJVWHSDIWHUDWWDLQLQJWKHSDLUZLVH
FRPSDULVRQPDWUL[LVWRVXPPDUL]HWKHFKRLFHVFUH
DWHGIRUHDFKPDWUL[DQGGHWHUPLQHWKHUHODWLYHVLJ
QLILFDQFHZKLFKLVOD\HUZHLJKW
7KHGHFLVLRQPDNHUVFRPSDUHWKHUHODWLYHVLJ
QLILFDQFHRIHDFKIHDWXUHZKLFKLVLQHDFKPDSOD\HU
7KHWRWDOVFRUHRIHDFKOD\HULVIRXQGE\PXOWLSO\LQJ
WKHUHOHYDQWVLJQLILFDQFHZLWKLWVHOIDQGWKHQDGGLQJ
DOOWKHUHVXOWV (TXDWLRQ 7KHRQHZLWKWKHKLJKHVW
VFRUHLVFKRVHQ



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

5(68/76$1'',6&866,21

7KH GDWD SURGXFWLRQ LV RQH RI WKH PRVW WLPH
FRQVXPLQJDQGDWWHQWLRQGHPDQGLQJSURFHVVLQ*H
RJUDSKLFDO ,QIRUPDWLRQ DQG 5HPRWH 6HQVLQJ 6\V
WHPV $V PHQWLRQHG LQ WKH SUHYLRXV WLWOHV WKH GDWD
SURGXFWLRQ FRQVWLWXHQW RI LQ *HRJUDSKLFDO ,QIRU
PDWLRQ6\VWHPVLVWKHRQHZKLFKQHHGVWKHPRVWWLPH
DQG SURFHVV :KLOH VRPH RI WKH GDWD XVHG LQ WKLV
VWXG\KDVEHHQSURGXFHGYLDILHOGZRUNVRPHRILW
KDVEHHQJDWKHUHGE\SURFHVVLQJWKHSUHYLRXVO\SUR
GXFHGGDWD
,Q WKH ZRUNLQJ DUHD RI WKLV VWXG\  DUHDV
ZKRVH VRLO VHULHV DUH GLIIHUHQW DQG  DUHDV ZKRVH
JHRORJLFDOVHULHVDUHGLIIHUHQWZHUHGLJLWL]HGE\*HQ
HUDO 'LUHFWRUDWH RI 0LQHUDO 5HVHDUFK DQG ([SORUD
WLRQ ZLWK WKH KHOS RI /DQGVOLGH ,QYHQWRU\ 0DS RI
7XUNH\ VFDOHG  LQ  ,Q RUGHU IRU WKH
FDOFXODWLRQRIVXFKHOHPHQWVDVHOHYDWLRQVORSHDQG
DVSHFW LQ UHODWLRQ WR WRSRJUDSK\ WKH WRSRJUDSK\
PDSV VFDOHG  LQFOXGLQJ WKH ZRUNLQJ DUHD
ZHUHGLJLWL]HGYLD4*,6SURJUDPPHDQG'LJLWDO
(OHYDWLRQ0RGHO '(0 ZDVIRUPHG )LJXUH 
,QWKLVVWXG\GLIIHUHQWGDWDOD\HUVKDYHEHHQ
PDGHXVHRIZKLOHGHWHUPLQLQJWKHDUHDVVXVFHSWLEOH
WR ODQGVOLGHV 7KHVH GDWD OD\HUV DUH 6ORSH $VSHFW
/LWKRORJ\(OHYDWLRQ6RLODQG7RSRJUDSKLFDO:HW
QHVV,QGH[ 7:, DQG1RUPDOL]HG'LIIHUHQFH9HJH
WDWLRQ ,QGH[ (YHU\ ZHLJKW YDOXHV RI GDWD OD\HUV
VKRZVWKHZHLJKWYDOXHRIHDFKFULWHULRQLQULVNPDS
$IWHU WKH OD\HU PDSV KDYLQJ LPSDFW RQ ODQG
VOLGHVZHUHFUHDWHGWKHYDOXHVFUHDWHGE\WKHGHFL
VLRQPDNHUV H[SHUWVFRULQJ ZHUHXVHGLQRUGHUWR
FDWHJRUL]HDQGLQWHUSUHWWKHGLJLWDOGDWDLQHDFKOD\HU
PDS
,QWKHDQDO\VLVSURFHVVLQRUGHUWRHYDOXDWHWKH
GLIIHUHQWLQSXWYDOXHVLQWKHVDPHGHJUHHWKHUDVWHU
GDWD KDYLQJGHFLPDO QXPEHU YDOXHVZDVUHFDWHJR
UL]HGDQGLWZDVWXUQHGLQWRLQWHJHUYDOXHV>@$OO
WKH OD\HUV ZHUH UHJURXSHG DQG ZHLJKW YDOXHV ZHUH
DGGHGWRWKHVXEOD\HUVLQ&,6VHWWLQJ

6ORSH2QHRIWKHPRVWLPSRUWDQWIDFWRUVOHDG
LQJWRODQGVOLGHVLVWKHVORSHRIWKHILHOG,QWKHDUHDV
ZKHUHVORSHVDUHGRPLQDQWODQGVOLGHULVNLVVLJQLIL
FDQWO\KLJK:KLOHIRUPLQJWKH/DQGVOLGH6XVFHSWL
ELOLW\ 0DSV PDQ\ UHVHDUFKHUV >   @
DFNQRZOHGJHGWKDWVORSHLVRQHRIWKHIDFWRUVDFFHO
HUDWLQJ WKH ODQGVOLGHV DQG WKH\ XVHG LW DV DQ LP
SRUWDQWEDVHLQWKHLUODQGVOLGHVXVFHSWLELOLW\PDSV
,QWKLVVWXG\LQRUGHUWRJHWWKHVORSHGDWDGLJ
LWDOHOHYDWLRQPRGDOZDVXVHG,QWKHVORSHPDSFUH
DWHG WKH ORZHVW VORSH YDOXH LV  DQG WKH KLJKHVW
VORSHYDOXHLV )LJXUH 

/LWKRORJ\ 7KH IHDWXUHV RI WKH ILHOGV ZKHUH
SRVVLEOHODQGVOLGHVPD\RFFXUDIIHFWWKHVXVFHSWLELO
LW\ULVN>@


  
,QWKLVHTXDWLRQZKHQLLVWKHGHFLVLRQDOWHUQD
WLYH LW LV HTXDO WR P DQG ZKHQ M LV WKH FULWHULD LW
HTXDOVWRQ7KHPDWUL[IRUPRIWKHIRUPXODDERYHLV
SURYLGHGLQWKHHTXDWLRQEHORZ (TXDWLRQ 

  
,Q WKLV HTXDWLRQ HL LV WKH DVVHVVPHQW VFRUH
PHDVXUHGIRUGHFLVLRQDOWHUQDWLYHZKLOHZMLVWKHUHO
DWLYHVLJQLILFDQFHIRUMFULWHULDDVPXFKDV>@
,QWKHODVWSKDVHRIWKHPHWKRGWKHZHLJKWYDO
XHVDWWDLQHGDIWHUFRQVLVWHQF\LVPDLQWDLQHGDUHSUR
FHVVHG WR WKH IDFWRUV WKDW DUH LQ YHFWRUGDWD PRGHO
7KHQ WKHVH PDSV DUH FRQYHUWHG LQWR UDVWHUEDVHG
PDSV YLD 4*,6  SURJUDPPH :LWK UDVWHU PDSV
WKH ULVN PDSV DFFRUGLQJ WR IRUPXOD EHORZ DUH DW
WDLQHG
/DQGVOLGH6XVFHSWLELOLW\$QDO\VLV /6$   /L
[  ([  %[  7[ 
7:,[  <[  1'9,[ 
,QWKLVIRUPXOD /6$ /DQGVOLGH6XVFHSWLELOLW\
$QDO\VLVLVWKHDLPZKLOH6 6ORSH $ $VSHFW /L
/LWKRORJ\ 1'9, 9HJHWDWLRQ ( (OHYDWLRQ 7:,
7RSRJUDSKLFDO:HWQHVV,QGH[ DQG6 6RLO DUHFUL
WHULD
7KHPDSVDWWDLQHGZHUHFUHDWHGDVUDVWHUPDS
VW\OHVZLWKDGLVVROYDELOLW\RI[,QDGGLWLRQWKH
UHVXOWV RI WKH DQDO\VLV ZHUH FODVVLILHG DFFRUGLQJ WR
-HQNRSWLPL]DWLRQPHWKRGDVYHU\OLWWOHOLWWOHPLG
GOHKLJKDQGYHU\KLJK
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
7KH'LJLWDO(OHYDWLRQ0RGHO0DSRI:RUNLQJ$UHD




&+$57
1RUPDOLVHGPDWUL[DQG/D\HU$YHUDJHDQG:HLJKW9DOXHVRIWKH/D\HUV8VHGIRU6XVFHSWLELOLW\0DS>@
3DUDPHWHUV

6ORSH

6RLO

1'9,

7:,

/LWKRORJ\

$VSHFW

(ODYDWLRQ

6ORSH
7RSRJUDSKLFDO
1'9,
7:,
/LWKRORJ\
$VSHFW
(OHYDWLRQ
7RWDO
































































/D\HU$Y :HLJKW
HUDJH
9DOXHV



















),*85(
6ORSH0DSRI:RUNLQJ$UHD
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

/LWKRORJ\


6RLO


1'9,


7:,


6ORSH


$VSHFW


(ODYDWLRQ
C

9HU\/LWWOH
/LWWOH
0LGGOH
+LJK
9HU\+LJK











































/DQGVOLGH
6XVFHSWLELO
LW\5DWLRLQ
WKH$UHD


3DUDPHWHUV

&+$57
7KHUDWLRVSUHDG  DQGWKHVXVFHSWLELOLW\UDWLQJVRIHDFKOD\HUXVHGIRUODQGVOLGHVXVFHSWLELOLW\PDS








GHILQHG DV D PHWKRG E\ ZKLFK ZH FDQ DQDO\]H WKH
UHPRWH VHQVLQJ PHDVXUHPHQWV IURP D UHPRWH DUHD
DQG LQWHUSUHW WKH REVHUYHG DUHD RU REMHFW DV WR
ZKHWKHULWKDVFRQYHQLHQWYHJHWDWLRQRUQRW>@
1'9,ZDVFDOFXODWHGZLWKWKHKHOSRIWKHUDWLR
RI H[WUDFWLQJ WKH FORVH LQIUDUHG EDQG IURP WKH UHG
EDQGDQGWKHQDGGLQJWKHUHGEDQGWRFORVHLQIUDUHG
EDQG>@ )LJXUH 
7KHUHOHYDQF\EHWZHHQWKHHOHYDWLRQDQGODQG
VOLGHVLVWKDWODQGVOLGHULVNRIXSODQGVLVKLJKHUWKDQ
ORZODQGV>@7KHLPSDFWRIHOHYDWLRQRQODQGVOLGHV
KDVQ¶WEHHQDEVROXWH\HWDQGLWLVRSHQWRIXUWKHUVWXG
LHV+RZHYHULQVRPHDFDGHPLFVWXGLHVHOHYDWLRQLV
SURYLGHGDVDIDFWRUDIIHFWLQJODQGVOLGHVXVFHSWLELOLW\
>@)XUWKHUPRUHDVWKHHOHYDWLRQRIDQDUHDDIIHFWV
PDQ\HOHPHQWVERWKQDWXUDODQGDUWLILFLDOLWFDQEH
FODLPHG WKDW LW KDV DQ LPSDFW RQ PDVV PRYHPHQW
PHDQO\RQODQGVOLGHV>@ )LJXUH 


$VWKHOLWKRORJLFVWUXFWXUHLQFOXGHVDOOWKHODQG
IHDWXUHVIRUODQGVOLGHVXVFHSWLELOLW\LWLVDPDLQIDF
WRU XVHG LQ WKH VWXGLHV RI ODQGVOLGH VXVFHSWLELOLW\
DQDO\VLV>@'XHWRWKHGLIIHUHQWVWUXFWXUDOIHD
WXUHV RI OLWKRORJLFDO XQLW DFWLYH JHRPRUSKRORJLF
HYHQWVKDYHGLIIHUHQWVXVFHSWLELOLWLHV>@ &KDUW 
7KH JHRORJ\ PDS RI 0DODW\D VFDOHG 
FRQWDLQVYDULRXVIRUPDWLRQVVKRZLQJWKHJHQHUDOJH
RORJ\RIWKHDUHD )LJXUH 7KHOLWKRORJLFXQLWYDO
XHVRIWKHZRUNLQJDUHDZHUHUHZHLJKWHGLQFRPSDU
LVRQZLWKHDFKJURXSZLWKLQDQGOLWKRORJLFXQLWPDS
ZDVFUHDWHG
1RUPDOL]HG 'LIIHUHQFH 9HJHWDWLRQ ,QGH[
1'9, $VWKHSODQWVNHHSWKHILHOGDVDWLJKWXQLW
WKDQNVWRWKHLUURRWVDQGERGLHVDQGWKH\GHWDLQWKH
UDLQIDOO WR LQILOWUDWH WKURXJK WKH ODQG YHJHWDWLRQ
QHHGVWREHDFNQRZOHGJHGDVDGHWHUUHQWIDFWRUIRU
ODQGVOLGHV>@
9HJHWDWLRQLQGH[KHOSXVGHILQHWKHSDWWHUQRI
YHJHWDWLRQDQGVRLO2QWKHRWKHUKDQG1'9,FDQEH


),*85(
7KH-HRORJ\0DSRI:RUNLQJ$UHD
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
1'9,0DSRI:RUNLQJ$UHD





),*85(
(OHYDWLRQ0DSRI:RUNLQJ$UHD




$VSHFW 7KH UHODWLRQVKLS EHWZHHQ DVSHFW DQG
ODQGVOLGHVLVGLUHFWO\SURSRUWLRQDOZLWKWKHLPSDFWRI
WHPSHUDWXUH SUHFLSLWDWLRQ DQG ZLQG LQ WKH DVSHFW
>@$VDVSHFWDIIHFWVWKHVRLO¶VPRLVWXUH
KROGLQJ FDSDFLW\ LW KDV DQ LPSDFW RQ PDVV PRYH
PHQWVDQGODQGVOLGHVXVFHSWLELOLW\>@
,QWKHZRUNLQJDUHDWKHHIIHFWRIDVSHFWWRWKH
RFFXUUHQFHRIODQGVOLGHVLVDWWULEXWHGWRSUHFLSLWDWLRQ
LQWKHDVSHFW7KHKLJKHVWSRVVLELOLW\RIODQGVOLGHVLV
GLUHFWO\SURSRUWLRQDOWRWKHSUHFLSLWDWLRQ )LJXUH 


7RSRJUDSKLFDO:HWQHVV,QGH[ 7:, 7RSR
JUDSKLFDO:HWQHVV,QGH[LVXVHGDVDQLPSRUWDQWGH
WHUPLQDQWZKLOHFUHDWLQJODQGVOLGHULVNPDSVLQPRVW
RIWKHSUHYLRXVVWXGLHVLQWKHOLWHUDWXUH>@2QHRI
WKHVLJQLILFDQWIDFWRUVXVHGWRFUHDWHODQGVOLGHVHQVL
WLYLW\PDSVLV7RSRJUDSKLFDO:HWQHVV,QGH[>@
7RSRJUDSKLFDO :HWQHVV ,QGH[ 7:,  0DSV LV
XVHGDVDQLPSRUWDQWGHWHUPLQDQWWRORFDWHWKHDUHDV
VXVFHSWLEOHWRVOLGHE\DQDO\]LQJWKHIORZSDWWHUQRI
WKHVXUIDFHDQGWKHPRLVWXUHKROGLQJIHDWXUHVRIWKH
DUHD
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
$VSHFW0DSRI:RUNLQJ$UHD


),*85(
7RSRJUDSKLFDO:HWQHVV0DSRI:RUNLQJ$UHD






7KHIRUPXODRI7RSRJUDSKLFDO:HWQHVV,QGH[
LVSURYLGHGEHORZ
7:, OQ $VWDQE 

,QWKLVIRUPXOD$VZDWHUFDWFKPHQW IORZDF
FXPXODWLRQ ELQGLFDWHVWKHVORSHRIWKHODQGLQGH
JUHHV
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

$IWHU DOO WKH DQDO\VHV HDFK RI WKH OD\HUV ZDV
HYDOXDWHGDQGLWZDVIRXQGWKDWWKHZHLJKWRIWKHOD\
HUVIURPKLJKWRORZZDVVXFFHVVLYHO\VORSHVRLOOL
WKRORJ\ 1'9, 7RSRJUDSKLFDO :HWQHVV ,QGH[ DV
SHFWDQGHOHYDWLRQ7KH&RQVLVWHQF\5DWLRFDOFXODWHG
WRILQGZKHWKHUWKHYDOXHVLQFRPSDULVRQPDWUL[DQG
ZHLJKWYDOXHVJDLQHGDUHFRQVLVWHQWRUQRWLVREWDLQHG
DV7KLVUDWLRLVXQGHUWKHILJXUHRIZKLFK
LVDFNQRZOHGJHGDVWKHKLJKHVWILJXUH>@
,QWKHOLJKWRIWKHUHVXOWRI&RQVLVWHQF\5DWLR
LWZDVIRXQGWKDWWKHYDOXHVIRXQGDVDUHVXOWRISDLU
ZLVHFRPSDULVRQPDWUL[DUHFRQVLVWHQW

6RLO 7KH GLVWLQFWLYH VWUXFWXUDO DQG WH[WXUDO
SURSHUWLHVRIWKHVRLODUHDQLPSRUWDQWSDUDPHWHUWULJ
JHULQJWKHODQGVOLGHV7KHWH[WXUDOSURSHUWLHVDQGWKH
VL]HRIWKHVRLOSDUWLFOHVSOD\DJUHDWUROHLQWKHRF
FXUUHQFHRIWKHODQGVOLGHV>@
7KHSURSHUWLHVRIWKHVRLOGHWHUPLQHWKHZDWHU
WUDQVPLWWDQFHDQGWKHLQILOWUDWLRQFDSDFLW\7KHVRLOV
ZKRVHLQILOWUDWLRQFDSDFLW\LVORZDUHVXVFHSWLEOHWR
WKHODQGVOLGHV>@$VDOOXYLDOVRLOVDUHPRVWO\VDQG\
DQGJUDYHOOHGLWVLQILOWUDWLRQFDSDFLW\LVKLJK+RZ
HYHU YHUWLVRO VRLOV¶ LQILOWUDWLRQ FDSDFLW\ LV ORZ DV
WKH\FRQVLVWRIPRVWO\FOD\DQGWKHUHIRUHWKHLUODQG
VOLGHVHQVLWLYLWLHVDUHVLJQLILFDQWO\KLJKHU>@


),*85(
6RLO0DSRI:RUNLQJ$UHD





),*85(
/DQGVOLGH6HQVLWLYLW\0DSRI:RUNLQJ$UHD
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

KLJKO\LPSRUWDQWIRUWKHGHFLVLRQPDNHUVDQGDXWKRU
LWLHVPDNLQJXVHRIWKHVHPDSV
x 7KHLQKDELWDQWVRIWKHUHJLRQVKRXOGEHLQ
IRUPHGDERXWWKHODQGVOLGHULVNDQGWKHLUVHQVLWLYLW\
VKRXOGEHLQFUHDVHG
x 0RUHGHWDLOHGDQGIXUWKHUVWXGLHVVKRXOGEH
FDUULHGRXWLQWKHUHJLRQ


5()(5(1&(6

>@ 6RXWHUV59DQ:HVWHQ&-  6ORSHVWD
ELOLW\ UHFRJQLWLRQ DQDO\VLV DQG ]RQDWLRQ ,Q
7XUQHU $. 6KXVWHU 5/ HGV  /DQGVOLGHV
LQYHVWLJDWLRQDQGPLWLJDWLRQ7UDQVSRUWDWLRQ5H
VHDUFK %RDUG1DWLRQDO 5HVHDUFK &RXQFLO6SH
FLDO5HSRUW
>@ g]WUN.  /DQGVOLGHVDQG,WV(IIHFWVRQ
7XUNH\ -RXUQDO RI *D]L 8QLYHUVLW\ )DFXOW\ RI
(GXFDWLRQ
>@ 'XPDQ7<&DQ7*|NoHR÷OX&1HIHVOL
RJOX +$   /DQGVOLGH 6XVFHSWLELOLW\
0DSSLQJ2I dHNPHFH $UHD ,VWDQEXO 7XUNH\ 
E\ &RQGLWLRQDO 3UREDELOLW\ +\GURORJ\ DQG
(DUWK6\VWHP6FLHQFHV'LVFXVVLRQV
>@ $NJXQ$%XOXW)  *,6EDVHGODQGVOLGH
VXVFHSWLELOLW\IRU$UVLQ<RPUD 7UDE]RQ1RUWK
7XUNH\  UHJLRQ (QYLURQPHQWDO *HRORJ\ 

>@ 9DUQHV'-  +D]DUG=RQDWLRQ$5HYLHZ
RI3ULQFLSDODQG3UDFWLFH&RPPLVVLRQRI/DQG
VOLGHRI,$(*8QHVFR1DWXUDO+D]DGHV
>@ %HOO )*   *HRORJLFDO KD]DUGV ( )1
6321/RQGRQ
>@ (UJQD\2  $3HUVSHFWLYHRI'LVDVWHULQ
7XUNH\ ,VVXHV DQG 3URVSHFWV 8UEDQ 6HWWOH
PHQWV DQG 1DWXUDO 'LVDVWHUV 3URFHHGLQJV RI
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structures and functions of soil bacterial communities.

ABSTRACT
Bacteria are important drivers of soil biogeochemical cycles. However, the characteristics of bacterial community structures and functional groups
within karst area soils have remained understudied.
To better understand the nature of karst area soils,
surface soil samples (0–20 cm) within paddy fields
from karst and non-karst areas were investigated
from the Maocun karst experimental field in Guilin
of the Guangxi Zhuang Autonomous Region. Soil
bacterial community structures and inferred functionalities were analyzed via high-throughput sequencing and FAPROTAX bioinformatics analyses.
į-proteobacteria comprised 13.50% of the communities within karst soils, which was significantly
higher than in non-karst area soils. Fifteen genera including Marmoricola, Flavobacterium and Lysobacter dominated the karst area communities and exhibited relative abundances of 1.24%–14.73%. Correlation analysis of soil physico-chemical properties and
the dominant community genera indicated that the
primary environmental factors associated with karst
paddy field bacterial community structures were pH,
total nitrogen (TN), total soil organic carbon (SOC),
cation exchange capacity (CEC), calcium (Ca2+)
concentrations, and magnesium (Mg2+) concentrations. In addition, the abundances of potential functionalities, including hydrocarbon degradation,
methanotrophy, methylotrophy, anoxygenic photoautotrophy, anoxygenic photoautotrophic sulfur (S)
oxidation, photoautotrophy, phototrophy, sulfate respiration, and the respiration of sulfur compounds
were higher in karst area soils than in non-karst area
soils. Furthermore, correlation analysis between soil
physico-chemical properties and dominant functional groups indicated that the primary environmental factors affecting the distribution of inferred bacterial functional groups in paddy field soils were
SOC, TN, CEC, Ca2+ concentrations, and Mg2+ concentrations. Thus, these results overall suggest that
higher pH, TN, SOC, CEC, Ca2+ concentrations, and
Mg2+ concentrations in karst area soils alter the

KEYWORDS:
Karst area, Paddy field, Bacteria, Community structures,
Functional groups

INTRODUCTION
Soil microorganisms comprise the living component of soil organic matter, with organic carbon
derived from microorganisms accounting for about
45% of the stable soil organic carbon (SOC) pool [1].
Furthermore, they play important roles in ecosystem
biogeochemical cycles through complex interactions
with soil environmental factors [2]. In karst areas,
soil formation rates are very slow [4], and soils are
susceptible to rain erosion and loss [5]. Therefore,
karst area soils are very important and valuable. In
high-temperature, high-humidity, subtropical regions, strong karstification results in alkaline soils
with high calcium concentrations [3,6]. Consequently, unique karst environments may host microbial communities different from those in non-karst
environments, which also may manifest as unique biogeochemical cycles within karst soil systems. Thus,
understanding soil microbial community structures
and their associated functional characteristics in
karst ecosystems is useful for elucidating biogeochemical cycling within karst areas and maintaining
their ecosystem stability [7,8,9,10]. In karst areas,
surface soils are rich in organic matter [11,12,13],
which promotes soil microorganism activities.
Among soil microbial biomass, bacteria are important components and the main contributors to
CO2 respiration and the presence of small molecular
organic matter compounds in karst soils [14], which
increases carbon storage in karst ecosystems [15,16]
that can accumulate to high levels in surface soils
[17]. Thus, bacteria are important mediators of carbon cycling in karst ecosystems.
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In karst ecosystems, soil bacterial communities
sensitively respond to changes in vegetation [18],
and sensitive changes in vegetation rhizosphere bacterial communities maintain ecosystem stability [19].
In particular, soil bacteria are very responsive to
available nutrients in karst ecosystems including carbon, nitrogen, and phosphorus nutrients [9,18,19].
Moreover, bacterial communities significantly mediate soil organic carbon mineralization [20]. Soil pH
is the main factor that affects bacterial community
structures during rocky desertification [21]. These
studies highlight the important relationship between
soil factors with microbial community structures and
functions within karst environments. However, the
nature of typical bacterial communities in alkaline
and calcium-rich karst environments is unclear. Furthermore, little is known of the bacterial functions
within karst area soils and which soil factors regulate
these communities and functions.
In this paper, karst and non-karst area paddy
soils were investigated in the Guilin village karst experimental field within the Guangxi Province. Specifically, high-throughput sequencing was used to
analyze the structural characteristics of bacterial
communities, while their functions were analyzed
with the FAPROTAX database. Comparisons of the
bacterial community structures and functional guilds
in these soils, in addition to their relationships with
soil physico-chemical factors, provide new insights
into soil biogeochemical cycling in karst areas.

potassium dichromate external heating method. Soil
total nitrogen (TN) was measured using the concentrated sulfuric acid digestion-Kjeldahl method, while
alkali hydrolysis (AN) was measured with the alkali
hydrolysis diffusion method. Cation exchange capacity (CEC) was measured using the EDTA-ammonium fast method, and optima 7000 DV inductively
coupled plasma emission spectrometer (Perkin
Elmer, USA) (ICP-OES) was used to measure exchangeable calcium (Ca2+) and magnesium (Mg2+)
ion concentrations.
High-throughput sequencing of bacterial
16S rRNA genes A DNA rapid extraction kit (Power
Soil, Mo Bio) was used to extract total DNA from
the soil samples, and DNA quality was evaluated
with 0.8% agarose gel electrophoresis. PCR amplification of bacterial 16S rRNA genes was conducted
by targeting the V4 hypervariable region with the
515F (5'-GTGYCAGCCCGCGGTAA-3') and 806R
(5'-GGACTACHVGGGTWTCTAAT-3') primers.
PCRs were conducted in triplicate for each sample,
and the PCR products from the same sample were
pooled and evaluated by 2% agarose gel electrophoresis. PCR products were recovered using the
OMEGA gel recovery kit, and target DNA fragments
were eluted with TE buffer, followed by sequencing
at the Chengdu Rhonin Biological Company on the
Illumina 3Miseq PE250 platform. The paired-end
(PE) reads were obtained via paired-end sequencing
and first combined using the fast length adjustment
of short reads (FLASH) software package, which
was also used to quality filter the datasets and obtain
high-quality sequences for subsequent analysis.
UCHIME was used to remove putative chimeras,
and the UPARSE algorithm was used to cluster sequences into operational taxonomic units (OTUs) at
a nucleotide similarity level of 97%. Representative
sequences from OTUs were selected for taxonomic
classification with the Silva database. Alpha diversity indices including the Chao1, Shannon, and
Simpson indices were used to characterize community richness and diversity. Specifically, the Chao1
index was used to estimate species richness, while
the Simpson and Shannon indices were used to evaluate community diversity. The datasets generated
during the current study have been uploaded to Sequence Read Archive (SRA) and under accession
numbers PRJNA664870.

MATERIALS AND METHODS
Soil collection and sampling. Representative
paddy soil samples were collected from karst and
non-karst areas at the Guilin karst experimental field
in the Guangxi Province. Four plots were established
in the karst and non-karst areas and were identified
as K1–K4 are NK1–NK4, respectively. Three samples were randomly collected from each plot at a
sampling depth of 0–20 cm and uniformly mixed
into a composite sample. Debris and plant roots were
removed upon return to the laboratory. One portion
was passed through a 2 mm sieve and stored in a refrigerator at -80°C to extract soil community DNA.
The other portion was ground in a dark room and
naturally dried, followed by additional grinding and
passing through 0.85, 0.25, and 0.15 mm sieves to
determine soil physico-chemical properties.

RESULTS

Soil physico-chemical properties. Soil physico-chemical properties were conducted as described
in Soil Agricultural Chemical Analysis [22]. Briefly,
soil moisture content was measured using the drying
method. pH was measured using CO2-free distilled
water as the leaching agent, and mixing at a 1: 2.5
ratio of soil to water, followed by measurement with
a precision pH meter (model: IS128C). Soil organic
carbon (SOC) was measured using the sulfuric acid-

Physico-chemical properties of paddy soils
in karst and non-karst areas.Seven physico-chemical indicators of paddy soils were significantly
higher in karst area paddy field soils than in nonkarst soils (Table 1). Thus, the paddy soil properties
of karst and non-karst areas were generally considerably different.
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Karst area
Non-karst
area
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TABLE 1
Physico-chemical properties of paddy soils in karst and non-karst areas.
SOC
TN
AN
CEC
Ca2+
Mg2+
pH
-1
-1
-1
-1
-1
(mg·kg )
(g·kg )
(g·kg )
(mg·kg )
(cmol·kg )
(mg·kg-1)
(H2O)
7.33±0.10 24.36±3.29 1.35±0.18 110.89±2.79
17.74±1.45 a 210.3±58.2 a 12.54±3.95a
a
a
a
a
6.42±0.23 14.27±1.19 0.65±0.07
86.72±4.16 b 10.65±1.44 b 71.65±32.01b 4.74±0.50 b
b
b
b

Note: Different lowercase letters in the same column indicate statistically significant differences between area types (p<0.05).
Data represent means ± standard deviation

Site

TABLE 2
Soil bacterial diversity analysis of karst and non-karst area paddy soil communities
Quantity
Chao1
Shannon Simpson
ClasFamiTotal SePhyla
Orders
Genera OTUs
ses
lies
quences

Kars
8.50±0.14 0.993±0.001 26±2
228±10
3,553±29 35,424±6496
t 1,223.69±82.46a
73±2a 150±8a
293±7a
a
a
a
a
a
a
area
Non1,148.68±343.25 7.89±0.73 0.987±0.008 23±3 65±10 130±20 196±32 254±45 3,607±41 26,426±4492
karst
a
a
a
a
a
a
a
a
a
a
area
Note: Different lowercase letters in the same column indicate statistically significant differences between area types (p<0.05).
Data represent means ± standard deviation

Soil bacterial diversity analysis of karst and
non-karst area paddy soil communities.Bacterial
diversity indices were not significantly different in
soils from karst and non-karst paddy fields (Table 2).
Thus, physico-chemical factors of karst soils did not
significantly affect bacterial diversity among rice
field soils.

Cluster analysis of community composition
and correlations between dominant genera and
physico-chemical properties.A clustering analysis
of the dominant genera in karst and non-karst rice
field soils was conducted (Fig. 2). Fifteen genera
were dominant in the karst area soils including Marmoricola,
Haliangium,
Syntrophorhabdus,
Flavisolibacter, Ferruginibacter, Nitrospira, Lysobacter, Steroidobacter, Bacillus, Blastocatella,
Devulviicoccus, Variibacter, Flavobacterium, Thiobacillus, Thiobacillus and Massilia, which accounted for 60.45% of the total OTU abundances
and belonged to 6 phyla, 10 classes, 12 orders, and
14 families. In addition, 27 genera were dominant in
the non-karst areas, including Candidatus Solibacter,
Streptomyces, Arthrobacter, Mycobacterium, Acidothermus, Nocardioides, Sphingomonas, Bradyrhizobium,
Phenylobacterium,
Rhizomicrobium,
Reyranella, Azospira, Variovorax, Burkholderia,
Achromobacter, Achromobacter, Anaerolinea, Geobacter, Anaeromyxobacter, Bryobacter, Gemmatimonas, Opitutus, Spirochaeta 2 and Gaiella, which
accounted for 65.85% of the total OTU abundances
and comprised 6 phyla, 11 classes, 20 orders, and 23
families.
Clustering analysis and heatmap visualization
of the correlation between dominant genera and soil
physico-chemical properties were also conducted
(Fig. 3). Soil physico-chemical factors that were
most correlated with dominant genera included pH,
CEC, TN, SOC, Ca2+, and Mg2+. These factors were
significantly associated with the relative abundances
of 25 genera including Marmoricola, Flavobacterium, Lysobacter, Blastocatella, Thiobacillus,

Composition of soil bacterial communities
within paddy field soils in karst and non-karst areas The dominant phyla of the soils were Proteobacteria, Acidobacteria, and Chloroflexi (Fig. 1(a)),
contributing to 38.76%, 15.61%, and 10%, of the
communities in karst soils, respectively, and 35.13%,
16.92%, and 19.29%, of non-karst soil communities,
respectively. Thus, the relative abundances of dominant phyla did not significantly differ among karst
and non-karst paddy field soils.
The dominant bacterial classes in all soils were
the ȕ-proteobacteria, Acidobacteria, į-proteobacteria, Anaerolineae, Actinobacteria, Ȗ-proteobacteria,
and Į-proteobacteria (Fig. 1(b)). These six classes
comprised 16.15%, 12.98%, 13.50%, 7.52%, 6.47%,
4.45%, and 4.67% of the communities in kart soils,
accounting for 65.72% of the total OTUs in those
samples. Their relative abundances in the non-karst
soils were 12.70%, 14.95%, 6.62%, 5.93%, 6.64%,
8.80%, and 6.96%, accounting for 62.58% of the total OTU abundances in those samples. The relative
abundance of į-proteobacteria in karst soils was significantly higher than in the non-karst soils (p<0.05),
while Į-proteobacteria relative abundances were significantly lower in karst soils, than in non-karst soils
(p<0.05).
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FIGURE 1
Soil microbial phylum (a) and class (b) level relative abundances.
Ferruginibacter, Defluvicoccus, Nitrospira, Candidatus Solibacter, Longilinea, Geobacter, Gemmatimonas, Anaeromyxobacter, Bradyrhizobium, Phenylobacterium, Streptomyces, Variovorax, Burkholderia, Bradyrhizobium, Acidibacter, Rhizomicrobium,
Opitutus, Sphingomonas, Bryobacter and Acidother.
Among these, the first eight genera were dominant
in karst soils, while the latter 17 were dominant in
non-karst area soils.

more abundant in karst area soil communities relative to the non-karst area soils (Fig. 4), including
groups associated with hydrocarbon degradation,
methanotrophy and methylotrophy, anoxygenic photoautotrophy, anoxygenic photoautotrophy sulfur (S)
oxidation, photoautotrophy, phototrophy, sulfate respiration, and respiration of sulfur compounds.Two
functional groups were more abundant in the nonkarst area soils including those associated with cellulolysis and nitrogen respiration, which comprises
nitrate respiration and nitrate reduction functions.
The primary soil ecological parameters that were associated with predicted bacterial functional diversity
included SOC, TN, Ca2+ concentrations, Mg2+ concentrations, and CEC.

Functional prediction for paddy soil bacterial populations in karst and non-karst areas A
total of 48 functional groups were revealed based on
functional predictions, with 32 and 16 dominant
functions in the karst and non-karst communities, respectively (Fig. 4). Four functional groups were
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FIGURE 2
Clustering of bacterial communities based on dominant genera.
the abundances of į-proteobacteria. One potential
explanation for this is that in limestone rivers with
high calcium contents, light availability is low [26],
which is not conducive to the survival of phototrophic Į-proteobacteria, leading to į-proteobacteria
dominance. Furthermore, the high abundances of įproteobacteria in karst area paddy field soils may be
a result of their high adaptability to high calcium environments. In addition, some studies have suggested that the abundances of į-proteobacteria are
positively correlated with the utilization of unstable
carbon sources (e.g., L-asparagine) in paddy soils
that have been polluted by heavy metals for a long
time. Thus, the relationship between the abundances
of these bacteria and unstable carbon sources may
ultimately largely control the stability of organic carbon pools [27].

DISCUSSION
Effects of paddy field soil characteristics on
the distribution of dominant bacterial phyla and
classes in karst area soils. The relative abundances
of į-proteobacteria in karst paddy field soils were
significantly higher (p<0.05) than in non-karst soils,
while those of Į-Proteobacteria were lower (p<0.05).
The primary proteobacterial group previously observed in typical paddy fields of southwestern China
was į-proteobacteria, which į-proteobacteria relative abundances were16.08% [23,24] Likewise, įproteobacteria metabolisms were relatively active in
the Westerhöfer Bach river within the karst region of
the Western Harz mountains [25]. Consequently,
higher Ca2+ concentrations may potentially promote
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FIGURE 3
Cluster and correlation analysis between dominant genera and soil physico-chemical properties.
Note: *: significant at the 0.05 level (two-tailed); **: significant at the 0.01 level (two-tailed).

High abundances of photoautotrophic ȕ-proteobacteria were also observed in this study, which
harbor bacterial chlorophyll and carotenoids as photosynthetic pigments for oxygenic photosynthesis
[28]. The abundances of these organisms may also
potentially explain the low abundances of Į-proteobacteria in the karst area soils. In contrast, many ȕproteobacteria, which accounted for the largest portion of bacterial communities in paddy fields within

karst areas, exhibit high mineral dissolution activities and thus may play important roles in increased
Ca2+ and Mg2+ contents within these environments,
in addition to nutrient cycling [29]. Consequently,
the high abundances of ȕ-proteobacteria and į-proteobacteria in karst soils may indicate their adaptation to environments with high Ca2+.
Association of environmental factors with
dominant bacterial genera in karst area paddy
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soils.The relative abundances of dominant genera
like Marmoricola, Lysobacter, Blastocatala, Thiobacillus, Ferruginibacter and Flavobacterium were
positively correlated with environmental factors in
this study, and especially pH, CEC, SOC, Ca2+, TN,
and Mg2+. Thus, these parameters may regulate the
structuring of karst paddy field soils in the area. Marmoricola live in neutral or weak alkaline environments and also exhibit alkali resistance. They have
previously been isolated from the surfaces of marble
statues [30]. The pH and organic matter content of
the karst area soils were higher, which can promote
the relative abundances of Marmoricola [31],

thereby leading to their dominance (14.73%) in karst
area rice field soils. Many Flavobacterium can secrete organic acids that directly dissolve phosphate
rocks while also chelating calcium ions [32], allowing phosphate to become more available in soils [33].
Therefore, Flavobacterium are likely to promote
phosphorus uptake by rice roots in karst areas. Lysobacter exhibit optimal growth pH of 7.0–8.0 [34], indicating adaptability to neutral and alkaline environments present in karst rice field soils. They also secrete antibiotics that can significantly inhibit bacterial leaf blight (BB) [35] that is caused by the

FIGURE 4
Cluster analysis and heatmap of physico-chemical properties and community functional predictions.
Note: *: significant at the 0.05 level (two-tailed). I: kingdom, II: phylum, III: class, IV: order, V: family, VI: genus, and VII:
species.
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pathogen Xanthomas oryzae and also inhibit chitinases that are used by root knot nematodes [36].
Thus, the disease-inhibiting effects of Lysobacter for
rice grown in karst areas may warrant additional
study.
Blastocatella abundances were also higher in
the karst area soils and were significantly and positively correlated with soil pH and Mg2+. Blastocatella belong to the Acidobacteria subgroup 4 clade,
which are well-adapted to alkaline soils [37]. In addition, elevated CO2 can promote the relative abundances of Acidobacteria subgroup 4 taxa [38]. Thus,
Blastocatella may contain species capable of fixing
CO2, while the higher Mg2+ contents and pH may
promote the absorption of CO2 by Blastocatella. Thiobacillus is a unique group of autotrophic bacteria,
and the high CO2 levels in karst soils may provide
Thiobacillus with a carbon source for autotrophic
metabolism. Species from this genera also metabolize iron, sulfur, and nitrogen compounds [39] and
contribute to soil organic matter following death [40].
Lastly, Ferruginibacter belong to the chitinophagaceae family of Sphingobacteria and exhibit wide
niches while using cellulose and other organic compounds for growth [41]. The taxa are core microbial
members in the sludge communities of sewage treatment plants, and their abundances are significantly
and positively correlated with pH [42]. Consequently,
Ferruginibacter may play an important role in soil
organic degradation within karst paddy soils.
Longilinea, Geobacter, Anaeroomyxobacter,
Phylobacterium and Candidatus solibacter were the
dominant genera in non-karst paddy field soils in this
study, and their abundances were negatively correlated with pH, CEC, SOC, Ca2+ concentrations, TN,
and Mg2+ concentrations. Among these, Candidatus
Solibacter was the most dominant genus (9.81%) in
these soils and belongs to subgroup 3 of Acidobacteria. Increased CO2 concentrations have been previously shown to result in lowered subgroup 3 relative
abundances [43], which itself is also significantly
and negatively correlated with pH [44]. Thus, these
bacteria may be particularly adapted to acidic environments in non-karst areas. Humus, straw, sawdust,
and other organic matter are added to rice fields in
non-karst areas to increase available carbon sources
for soil microorganisms and stimulate bacterial community growth. In such scenarios, the relative abundances of Anaeromxobacter and Phenylobacterium
significantly increase [45,46]. Stable organic matter
contents combined with lower Ca2+ and Mg2+ concentrations in non-karst areas lead to greater levels
of unstable organic matter. Candidatus Solibacter is
very sensitive to unstable carbon pools and can use
these carbon sources to grow rapidly [43], leading to
increased abundances. Longilinea and Geobacter
belong to the Chlorofloxi and į-proteobacteria
groups, respectively. Both taxa harbor [FeFe]-hydrogenases [47] that allow them to ferment various sugars for growth in the presence of H2 [48]. Longilinea

and Geobacter can coexist with methanogens in anaerobic reaction systems, thereby jointly promoting
the methanation of polysaccharides [49]. Nevertheless, the importance of these associations for methane fluxes in non-karst areas requires further study.
Effects of paddy field soil characteristics on
bacterial functions in karst areas Cyanobacteria,
Ecothiorhodospiraceae, and Chromatiales were the
primary bacterial populations exhibiting inferred
CO2 assimilation functions in this study and were associated with anoxygenetic photoautotrophy, anoxygenetic photoautotrophic S oxidation, and photoautotrophy. Cyanobacteria have previously been observed to exhibit high abundances and high carbon
sequestration functions in biological crusts within alkaline (pH 7.6–8.7) soils [50]. Increased CO2 and
soil carbon content can lead to their cooperation with
heterotrophic bacteria to promote nitrogen sequestration [51]. Such synergistic activities may be a
good mechanism for the simultaneous improvement
of carbon and nitrogen sequestration in karst areas.
Chromatiaceae harbor ribose-1,5-diphosphate carboxylases (Rubisco), phosphoriboskinase, and nine
other Calvin-Benson-Bassham (CBB) cycle proteins.
The presence of form I Rubisco suggests that these
populations are directly involved in the assimilation
of CO2 by carbon fixation via the CBB cycle [52]. In
addition, Echothiorhodospiraceae are purple sulfur
bacteria that belong to the Ȗ-proteobacteria and are
chemoautotrophic sulfur oxidizers. These taxa can
also oxidize other inorganic compounds including
arsenite with oxygen as an electron acceptor while
using CO2 as their sole carbon source [53]. Thus,
Chromatiales may contribute to increased soil carbon in karst areas. Our study may then suggest that
high abundances of Cyanobacteria in karst paddy
fields may provide organic matter and nitrogen for
paddy soil communities via biological nitrogen and
carbon fixation, thereby contributing to increased
carbon and nitrogen reserves within karst paddy
fields.
Rhizobiales are the dominant hydrocarbon degraders identified here and also exhibit metatrophic
functions. Rhizobiales secrete various nutrients,
plant hormones, and precursors of important plant
metabolites that can provide beneficial impacts for
plant hosts including nitrogen fixation, methane cycling, and legume nodulation [54]. Methylotrophiae
is a particularly unique group of rhizobia that can affect the synthesis of vitamins and plant hormones.
Furthermore, methylobacterium can use methanol,
methylamines, and other C2, C3, and C4 compounds,
in addition to other small molecular organics secreted by plants as carbon and energy sources [55].
In addition, Rhizobiales and Methylbacteria are facultative chemoautotrophic carbon fixing bacteria
that can fix nitrogen and carbon in karst areas [56].
Three taxonomic groups of bacteria including
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Syntrophobacterales, Desulfarules, and Desulfobulbus that belong to the į-proteobacteria were the primary bacterial populations related to sulfate and sulfur compound metabolism. Acetate is the most abundant intermediate product produced in the degradation of organic matter in anoxic paddy soils [57]. Importantly, anaerobic sulfate-reducing bacteria can
use sulfate as an electron acceptor and completely
oxidize acetate to CO2 during energy metabolism
[58]. These activities may further reduce the available substrates for methanogens and reduce methane
emissions of paddy fields in karst areas. In contrast,
the primary CO2 assimilation functional groups in
the karst area soils were the Chromatiales group,
which are obligate anaerobes that can simultaneously oxidize sulfide and hydrogen sulfide with ferrous oxide as an electron acceptor [58]. Their abundances in these soils are also the reason why the metabolism of į-proteobacteria in karst areas is active
and sulfate respiration and sulfur compound respiration are more prominently observed. Thus, the coupling of the sulfur and carbon cycles by these populations warrants additional study.
Ca2+ concentrations were negatively correlated
with nitrate respiration and reduction functions, potentially indicating that Ca2+ can contribute to nitrogen loss via nitrate respiration and reduction. Achromobacter uses nitrate reductase (NR) and nitric oxide reductase (NOR), which operate in nitrate reduction and respiration functions. In wastewater [59], oil
field [60], and self-repairing concrete bacterial matrix [61] environments, Ca2+ concentrations generally inhibit Achromobacter functions. In addition, nitrate reduction mostly occurs at elevated pH and under anoxic conditions via denitrification with nitrate
reductases (NR) [61]. On the one hand, high concentrations of Ca2+ weakens system-level carbonic acid
balances, reduces environmental pH, and significantly reduces bacterial respiration rates in addition
to the “system” efficiency of nitrate reduction,
thereby reducing enzyme activity efficiencies within
denitrification. On the other hand, Ca2+ acts as a cation bridge between minerals and dissolved organic
matter (DOM) in environments, rendering the organic mineral complex easier to flocculate and concentrate [59] and hindering the absorption of nitrate
by microorganisms. Thus, alkali rich calcium environments in karst areas may reduce nitrogen loss by
reducing nitrate respiration and reduction.
Cellulolysis was primarily attributed to rhizobial taxa like Bradyrhizobium in the non-karst area
soils [56], with the cellulolysis functional group being significantly and negatively correlated with CEC.
Carboxymethyl cellulase activity has been observed
in all rhizobial samples. During legume infection by
Rhizobium, they secrete cellulases that participate in
cellulose degradation [62]. However, when soil Ca2+,
Mg2+, and K+ concentrations increase [63], pH also
increases, and rhizobial diversity adapted to acidic

soils decreases [64], leading to concomitant decreases in cellulose-degrading populations.
CONCLUSIONS
The primary conclusions of this study were as
follows.
  į-proteobacteria abundances were significantly higher while Į-proteobacteria abundances
were significantly lower in karst paddy field soils.
(2) The dominant genera of paddy field soils in
karst areas were Marmoricola, Flavobacterium,
Lysobacter, Blastocatella, Thiobacillus, Ferruginibacter, Defluviicoccus and Nitrospira, and the prevalent factors influencing their distributions were pH,
SOC, CEC, TN, Ca2+, and Mg2+.
(3) The dominant inferred functionalities of
karst paddy field soil populations were hydrocarbon
degraders, methanotrophy, methylotrophy, anoxygenic photoautotrophy, anoxygenic photoautotrophic S oxidation, photoautotrophy, phototrophy,
sulfate respiration, and respiration of sulfur compounds. The primary environmental factors that affected the distribution of bacterial functionalities
were SOC, CEC, TN, Ca2+ concentrations, and Mg2+
concentrations.
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STUDY ON OPTIMIZATION OF ECOLOGICAL
AGRICULTURE LOGISTICS DISTRIBUTION PATH BASED
ON ECOLOGICAL THEORY
Huiwen Lai*
Fujian Jiangxia University (Economic & Trade College), Fuzhou 350108, China

of human beings. The consumption structure of agricultural products has been transformed from the traditional grain-oriented single mode to the multimode dominated by fresh vegetables, fruits and meat.
At the same time, higher requirements are put forward for the quality of products. Agricultural logistics has become an important mode of supply of agricultural products, and the speed and quality of agricultural logistics are directly related to the freshness of agricultural products. Nowadays, agricultural
logistics will suffer great losses, which not only
causes economic losses, but also damages the ecological environment that human beings rely on to
survive to a greater extent. Therefore, the specific
and profound historical background and theoretical
value of research on ecological agricultural logistics
related topics [4].

ABSTRACT
With the upgrading and adjustment of the agricultural industry, the output of agricultural products has
been growing steadily year by year. Agricultural logistics activities play a role in the economic and
trade activities of human beings. The various elements in agricultural logistics activities cause pollution to the ecological environment to varying degrees. The quality of agricultural logistics not only
protects the ecological environment, but also is an
inevitable requirement for sustainable development
of mankind. This study takes ecological agriculture
logistics distribution as the research object, analyzes
and optimizes the path improvement algorithm in the
distribution process, proposes the improved genetic
algorithm on the basis of analyzing the vehicle path
problem VRP, and verifies the feasibility and effectiveness of the algorithm model to improve the efficiency of ecological agriculture logistics.

MATERIALS AND METHODS
Theoretical analysis of ecological agricultural logistics. Theoretical research on ecological
agriculture. Ecological agriculture, or ECO for
short, is a new type of agriculture combining agricultural production and environmental protection based
on the important principles of ecology and economics, modern agricultural science and technology, and
modern advanced management mode. The structure
of eco-agriculture system includes three aspects,
namely, species structure, space-time structure and
nutrient structure. These three aspects are interrelated, permeable and inseparable, and they combine
agricultural production, namely, planting industry
and animal husbandry, namely, eco-agriculture, also
known as agro-ecology [5].

KEYWORDS:
Ecological agriculture, Logistics distribution, Path planning, Genetic algorithm (GA), VRP

INTRODUCTION
Agriculture is the important foundation of national
economic development. The healthy development of
agriculture and related industries is related to national economic construction and social stability.
Ecological agriculture is based on the stricter requirements of environmental protection, sustainable
development and resource conservation in the context of traditional agriculture that has seriously jeopardized the production and living environment on
which we depend for survival, and coordinated agricultural development with the ecological environment. [1-3]. With the steady growth of agricultural
production and the rapid development of the international economy, the supply mode of self-production
and self-marketing has been unable to meet the needs

VRP problems. VRP (vehicle path optimization problem), also known as vehicle scheduling
problem, can be generally described as follows: between a series of cargo assembly points (logistics
distribution center) and unloading points (customers), the route of transport vehicles should be scientifically and reasonably arranged, so that distributed
goods can be delivered to customers in a safe and
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FIGURE 1
Schematic diagram of VRP problem
orderly manner. Under the constraints (such as the
maximum load of distribution vehicles, customer demand for goods, delivery and delivery time window,
etc.), the desired optimization objectives can be
achieved (such as the minimum total logistics costs,
the least number of distribution vehicles used, the
shortest total vehicle travel distance, the highest customer satisfaction, etc.). The schematic diagram of
VRP problem is shown in Figure 1, where the solid
triangle represents the logistics distribution center,
the solid circle represents the customer demand point,
and the straight line with arrow represents the driving route and direction of the distribution vehicle [6,
7].

goods is the final product of customer demand, as the
object of vehicle transport its own characteristics
will affect the choice of vehicle type.
(5) Road network: road network is the basis
for optimizing the route of distribution vehicles. It is
generally a network transport structure diagram
composed of vertices and arcs, where the vertices
represent the logistics distribution center and customers, and arcs can be divided into directional and
non-directional, representing one-way and two-way
driving sections respectively.
(6) Constraint conditions: mainly refer to the
corresponding constraint conditions that must be met
when path optimization is carried out [8].

VRP problem components. The components
of VRP mainly include: customers, logistics distribution center, transport vehicles, distribution goods,
road network, constraint conditions, optimization
objectives and so on.
(1) Logistics distribution center: it is the starting point of all distribution vehicles, also known as
the vehicle field. After receiving orders from customers, the logistics distribution center distributes
goods through sorting, packaging, gathering and
other operations.
(2) Customers: in the logistics network, customers are generally represented by virtual nodes
and are the service subjects of the actual delivery
tasks, including individual individuals, retail stores,
chain supermarkets, wholesale centers and so on.
(3) Transport vehicles: service to all customers must be performed by transport vehicles. The
transport vehicle represents the transport capacity of
the logistics distribution center, which can be represented mainly from three aspects: vehicle model,
rated load capacity and the furthest transport distance.
(4) Distribution of goods: distribution of

Classification of VRP problems. These VRP
problem models can be classified into basic VRP
model and derived VRP model according to different
emphases of research problem standards.
(1) Basic VRP model. The VRP, which is also
considered to be the CVRP of the vehicle capacity
limit, usually only limits the cargo weight and the
running distance or time of the delivery vehicle, and
the constraint condition is much less than other models; VRP with time window limitation, also known
as VRPTW. According to the actual situation, most
customers will have time-sensitive requirements for
logistics services. The model extends the time window limit on the basis of CVRP to make it closer to
the real situation; The VRP of simultaneous pickup
and delivery needs to be considered at the same time.
In any given optimized delivery scheme, delivery vehicles have both delivery load and pickup load.
(2) Derive VRP model. VRP with multi vehicle types, in actual logistics distribution center there
are many different types of vehicles, different types
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of vehicles have different cargo loading and transportation costs, the center selects less expensive vehicles according to the compatibility of vehicle types
and service tasks, thus enabling the lowest transportation cost; The open VRP usually assumes that the
vehicle will return to the logistics center after completing the delivery service [9, 10].

(2) Model hypothesis. In order to solve the
problems of vehicle allocation and path optimization
of agricultural products distribution, the practical
problems of agricultural products distribution need
to be simplified. Hypothesis: the location of the customer node and the required time window are known;
the demand quantity of customer node is known;
customer nodes are allowed to be out of stock in a
small amount, but need to compensate a certain
amount of punishment; the number of refrigerated
vehicles in the distribution center should be kept in
balance, and the vehicles must return after serving
customers. the demand of customer nodes cannot be
split, and it cannot be served for many times or distributed by multiple vehicles. The vehicle cannot be
assigned halfway after departure.

Optimization algorithm of VRP problem. At
present, VRP problem solving algorithms are mainly
divided into two categories: one is the precise algorithm, mainly including dynamic programming
method, branch and bound method, etc. This kind of
algorithm is mainly based on the related principles
of linear and nonlinear programming in management
operations research and use it to optimize specific
VRP problems; Another kind is heuristic algorithm,
mainly comes from the production, the life experience to construct algorithm, mainly divides into the
classic heuristic algorithm (such as two-phase algorithm, structure, etc.) and modern heuristic algorithm
(such as tabu search algorithm, genetic algorithm,
simulated annealing algorithm, etc.), mainly is the
research of complex optimization algorithm.

(2) Model parameters and variables. The parameters and its meanings of the model are shown in
Table 1.
(3) Objective function. The total cost can be
divided into the following sections:
(a) Fixed costs. Fixed costs are only related to
the number of vehicles used.

RESULTS AND DISCUSSION

n

C1

Ecological agricultural logistics path optimization based on improved genetic algorithm. Establishment of algorithm model. This study takes
the VRP distributed at multiple demand points
around a single distribution center as an example to
analyze various costs in the distribution process of
ecological agriculture logistics. Aiming at the lowest
comprehensive cost, the vehicle allocation and path
of distribution are optimized. Modeling steps are
shown as follows.

m

C3

(1)

j 1 k 1

(b) Transportation cost. In order to facilitate
calculation, the transportation cost is calculated according to the travel time and unit time. It is assumed
that the driving speed of vehicles is basically fixed,
and the unit transportation cost of refrigerated vehicles is different with different actual load on each
section. It is assumed that the transportation cost is
linearly related to the actual load.

n
c max  c min
{[cmin 
(Q j  ¦ o kj , p Q p )]t ik, j x ik, j }
¦¦¦
Qz
k 1 j 0 i 0
p 1
m

C2

m

f ¦¦ xik, j

n

n

n

n

(2)

n

n

n

n

i 1

j 1

i 1

j 1

p ¦¦¦ Qi {1  exp[O (t ik  ¦ yik Zi  ¦ oik, jZi )  P (¦ yik Zi ¦ oik, jZi )]}
k 1 j 0 i 0

(3)
m
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n

n

m

n

Ce¦¦¦ (tik, j  max{tmini  tik ,0}) xik, j  Ce¦¦ y kj w j
k 1 j 1 i 1

k 1 j 1
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(c) Cost of damage. In the process of transpor-

the transportation process, the unloading process,

tation, the temperature in the refrigerated vehicle ba-

and the waiting time of the vehicle when the time

sically remains constant, but in the process of un-

window arrives. The in-vehicle refrigeration system

loading, due to the need to open the door to unload,

needs to be always running to ensure the low tem-

the temperature in the refrigerated vehicle will tem-

perature state inside the vehicle, and the cooling cost

porarily increase, resulting in accelerated deteriora-

is C4 .

tion of products, so the deterioration rate of agricul-

(e) Penalty costs, because most of the ecological agricultural products are fresh products, the time
requirements are extremely high, in order to ensure
that the delivery within the specified time, you need
to set a late penalty cost.

tural fresh products in the process of transportation
and unloading is different. Assume that Ȝis the product deterioration coefficient during transportation, ȝ
is the product deterioration coefficient Ȝȝ during
the unloading process, and the cost of the whole dis-

m

C5

tribution process is C3 .

k 1 j 1

N

{1, 2,..., n}

k {1, 2,..., m}
f
c min

c max

Ce
P

O
P
Lij
V

tijk
tik

(5)

(f) The total cost C is the sum of the five expenses,
that is the objective function:

(d) Cooling costs. The cooling cost includes

Parameters

n

b¦¦ Qi max{t ik  tmax i ,0}

TABLE 1
The parameters and its meanings of the model
Meaning
Parameters
Meaning
Node set, distribution center
Unloading time of customer node i
Zi
is represented by 0
m is the upper limit of the
Quantity demanded by customer node
number of refrigerated vehiQi
i
cles
Is the fixed cost of using a
Maximum cargo capacity of refrigerQz
refrigerated truck
ated truck
Is the transportation cost per
Penalty cost per box per hour for vehour when the refrigerated
b
hicles arriving later than the customer
truck is empty
node time window
Is the transportation cost per
hour when the refrigerated
Time window of customer node i
[tminiˈtmaxi ]
truck is full
There is a section from node i to node
Cost per hour of vehicle
xik, j 1
j on the k-path of the refrigerated
cooling
truck
There is no section from node i to
xik, j 0
Value of unit product
node j on the k-path of the refrigerated truck
Product deterioration coeffiThe
refrigerated
truck k path contains
yik 0
cient during transportation
the node i
Product deterioration coeffiThe refrigerated truck k path does not
yik 1
cient during unloading
contain the node i
The refrigerated truck k path passes
Distance from node i to node
oik, j 1
through node i and node j, and node j
j
is sequentially after node i
Average speed of refrigeroik, j 0
Others
ated trucks
Driving time of refrigerated
truck k from node i to node j
Time of the refrigerated
truck k reaches the customer
node i
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tion amount increases exponentially, which is difficult to solve by accurate algorithm. This paper uses
genetic algorithm to improve the ecological agriculture logistics distribution route problem. The algorithm flow chart is shown in Figure 2.

(6)

(g) Restrictions

xik, j (max{tmini , tik }  w j  tik, j  t kj ) d 0

(7)
(1) Encoding. According to the characteristics
of the optimized model, integer coding is selected. In
the coding and decoding process, distribution center
0 (code n+1) is not taken into account, but the demand points in the route are sorted, coded on the
chromosome, and then allocated to each transport
vehicle in order.

n

¦

i
k

Qi y d Qz
(8)

i 1

m

n

¦¦ x

k
0, j

dm

k 1 j 1

m

(9)

n

¦¦ xi,k j
k 1 j 1

m

(10)

n

¦¦ x

m, j z 0

k
i, j

k 1 j 1

n

¦x

k
0, j

j 1

(2) Initial population. The selection of the initial population size has a great impact on the speed
of the solution and the accuracy of the optimization
results. Weighing the speed and accuracy of calculations, 1600 random numbers are selected for chromosomes in each generation.

m, i z 0

(11)
n

¦x
j 1

k
j ,0

(3) Fitness function. The optimization goal of
the ecological agriculture logistics distribution route
optimization model in this paper is to hope that the
comprehensive cost is the smallest, and the fitness is
larger as possible. Therefore, the reciprocal of the
comprehensive cost can be selected as the fitness
function.

d1
(12)

Solution algorithm
The problem of ecological agriculture logistics
distribution optimization is a typical NP problem.
With the increase of distribution nodes, the calcula-

Generating an
initial population

Calculate the
adaptation value

Y
F

End of algorithm

N
Copy

Cross

Variation
FIGURE 2
Algorithm flow chart
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FIGURE 3
Location of distribution center and demand points
TABLE 2
Node distance (Km)
3
4
5
6

Node

0

1

2

7

8

9

10

0

0.0

3.5

4.7

6

6.1

4.8

2.5

5.7

7.1

8.9

6.4

1

3.5

0.0

9

3.6

8.8

8.5

6.9

5.1

8.6

5

4.2

2

4.7

9

0.0

9.8

4.6

6.2

4.7

9.9

9.6

13.6

12.4

3

6

3.6

9.8

0.0

6.1

11.4

9

9.1

12.1

3.1

7.4

4

6.1

8.8

4.6

6.1

0.0

11.1

7.9

13.3

13.5

10.9

13.1

5

4.8

8.5

6.2

11.4

11.1

0

1.9

4.8

3.8

13.8

8.9

6

2.5

6.9

4.7

9

7.9

1.9

0

5.1

4.4

11.2

8.6

7

5.7

5.1

9.9

9.1

13.3

4.8

5.1

0.0

3.4

9.4

3

8

7.1

8.6

9.6

12.1

13.5

3.8

4.4

3.4

0

12.9

6.5

9

8.9

5

13.6

3.1

10.9

13.8

11.2

9.4

12.9

0.0

7.2

10

6.4

4.2

12.4

7.4

13.1

8.9

8.6

3

6.5

7.2

0.0

Cost type

Fixed cost

Result

240

TABLE 3
Optimal path cost
Transportation
Refrigeracost
tion cost
49.42
35.77

(4) Genetic operation. Selection operator:
Eliminate poor chromosomes by sorting the fitness
of individual chromosomes;
Crossover operator: For distribution problems, the
impact of neighborhood information is greater than
location information;
Mutation operator: the mutation operator can increase the richness of chromosome genetic process
and reduce the local optimal situation.

Late penalty
cost
0

Total cost
325.19

ficity and feasibility of the above model and algorithm in the actual distribution process, the problem
of ecological agricultural logistics distribution of enterprise A is studied as an example, and the improved
genetic algorithm is adopted to program and solve
the distribution optimization model.
(1) Parameters setting. It is distributed by 10
distribution points from 1 distribution center, and
can be distributed by up to 4 vehicles. The relative
position between the distribution center and the demand point is shown in Figure 3.

Case analysis. In order to verify the scienti-

3554

© by PSP

Volume 30– No. 04/2021 pages 3549-3556

Fresenius Environmental Bulletin

The distance between nodes is shown in Table
2. Assuming that vehicles are traveling at a uniform
speed of 40km/h, the travel time between nodes can
be calculated according to the distance between
nodes, regardless of vehicle congestion. It is delivered by a refrigerated truck with a length of 4.1m (the
fuel consumption of this model is about 11-13L per
100km and the deadweight is less than 1,000kg). It
is assumed that the fixed cost of each vehicle is 80
yuan, and the refrigerated vehicle capacity Qz is 50
boxes. When the average vehicle speed V is 40km/h
and the oil price is 5.6 yuan /L, assume that the unit
time transportation cost c min is 25 yuan /h when
there is no load, c Max is 45 yuan /h when there is

full load, and the unit time refrigeration cost is 15
yuan /h. Assuming that the cargo damage speed is
doubled during unloading, the cold chain constant ȝ
of the transportation process is about 0.0002 /min.
Assuming that the vehicle arrives later than the latest
unloading time, the penalty cost b per box is 80 yuan
per hour.
(2) Model solving. In this paper, matlab programming was used to calculate the distribution
route. After 200 random trials (as shown in Figure.
4), the best test results appeared, as shown in Table
2 and Figure 5. The costs of optimization results are
shown in Table 3.

FIGURE 4
Population integrated cost trends

FIGURE 5
Distribution path
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The optimization results show that the genetic
algorithm can effectively solve the problem of ecological agriculture distribution with time constraints.
When considering the distribution decision, as the
demand of each point is basically determined, the
number of transport vehicles to be used is basically
fixed. Although the fixed cost of refrigerated
transport vehicles is relatively high, their influence
on the decision of the final distribution route is not
too great; Since the requirements and time window
of each node are fixed, and the penalty cost is high,
the lateness is avoided as much as possible. The distribution process will be different from the traditional distribution. The shortest circuit may not be
selected, but the nodes that meet the greater demand
and higher time requirements may be considered.

[4] Gao, Z.H., Chen, W.D. (2017) Logistics Distribution Path Planning Based On Genetic Algorithm. Proceedings of the 23rd International
Conference on Industrial Engineering and Engineering Management 2016. Atlantis Press, Paris.
[5] Costante, G., Forster, C., Delmerico, J., Valigi,
P., Scaramuzza, D. (2016) Perception-aware
Path Planning. 2016, 1-17.
[6] Rasekhipour, Y., Khajepour, A., Chen, S.K.,
Litkouhi, B. (2017) A Potential Field-Based
Model Predictive Path-Planning Controller for
Autonomous Road Vehicles. IEEE Transactions
on Intelligent Transportation Systems. 18(5),
1255-1267.
[7] Hitz, G., Galceran, E., Garneau, M.E., Pomerleau, F., Siegwart, R. (2017) Adaptive continuousဨspace informative path planning for online
environmental monitoring. Journal of Field Robotics. 34(8), 1427-1449.
[8] Ni, J.J., Wu, L.Y., Shi, P.F., Yang, S.X. (2017) A
Dynamic Bioinspired Neural Network Based
Real-Time Path Planning Method for Autonomous Underwater Vehicles. Computational Intelligence and Neuroscience. 2017(1), 1-16.
[9] Pfurner, M., Schröcker, H.P., Husty, M. (2017)
Path Planning in Kinematic Image Space Without the Study Condition. Advances in Robot
Kinematics 2016. Springer Proceedings in Advanced Robotics, Springer.
[10] Li, G.S., Chou, W.S. (2018) Path planning for
mobile robot using self-adaptive learning particle swarm optimization. Science China (Information Sciences). 61(5), 263-280.

CONCLUSION
With the development of agricultural logistics, the
deterioration of human ecological environment is
deepening, which is closely related to human survival and development. Based on the in-depth analysis of the optimization of logistics distribution path
of ecological agriculture, this paper summarizes the
research achievements of domestic and foreign
scholars on VRP. Taking the problem of ecological
agriculture logistics distribution path optimization as
the main research object by referring to the relevant
VRP algorithm, the mathematical optimization
model is constructed and the solving algorithm is designed respectively; The research in this paper has
promoted the development of ecological agriculture
in China to some extent by going deep into the real
situation of agricultural products logistics distribution and establishing the optimization mathematical
model and solving algorithm of genetic algorithm.
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ABSTRACT

INTRODUCTION

Water is an important constituent of cell and
plays an important role in almost all biochemical
processes. High salt concentration in the root zone
impedes the water movement from soil to aerial parts
of the plant by reducing the available water for plant
uptake. Salinity is among the major limitations for
plant growth and productivity all around the globe
and the damage caused by high salinity is witnessed
as either loss of plant productivity or plant death.
Soil salinization is the result of different soluble salts
accumulation in the root zone. soil salinization is increasing at a rate of 10% annually and more than
50% of the arable land would be salinized by the year
2050. Approximately 4.5 million acres of cropland
in California have been reported to be affected by saline soils or saline irrigation water. The scenario in
Pakistan is also alarming where 1.89 out of 19.43
Mha irrigated cropland is salt affected. A pot experiment was carried out in the greenhouse at the
University of California, Riverside. Tomato was
used as the study plant and the experiment included
nine treatments representing different combinations
of three irrigation water salinity levels and three nitrogen fertilization rates. High salinity stress causes
the stress on plant growth and productivity due to the
effective increment in the osmotic stress, ion toxicity, and alterations in soil physical and chemical
properties.

Currently, world population of 7.5 billion is increasing at an alarming rate and expected to reach
8.5 billion by 2030, 9.7 billion by 2050 and 11.2 billion by 2100 [1], and there is a great need to increase
the food production as much as 70 percent by 2050
[2] to feed this massive population. Increasing quantities of water are obligatory along with other provisions to accomplish this goal. It has been predicted
that 60% of the global population will undergo water
shortage by the year 2025 [3]. This increased demand of more water to irrigate crops to cope with the
food security issue, especially when fresh-water resources are limited, has led to a rush of interest in the
use of low-quality or saline water for irrigation in agriculture [4,5].
Salinity is among the major limitations for
plant growth and productivity all around the globe
and the damage caused by high salinity is witnessed
as either loss of plant productivity or plant death.
Soil salinization is the result of different soluble salts
accumulation in the root zone. soil salinization is increasing at a rate of 10% annually and more than
50% of the arable land would be salinized by the year
2050 [6]. Approximately 4.5 million acres of
cropland in California have been reported to be affected by saline soils or saline irrigation water [7].
The scenario in Pakistan is also alarming where 1.89
out of 19.43 Mha irrigated cropland is salt affected
[8].
Water is an important constituent of cell and
plays an important role in almost all biochemical
processes. High salt concentration in the root zone
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impedes the water movement from soil to aerial parts
of the plant by reducing the available water for plant
uptake [9]. Accumulation of these injurious ions may
inhibit photosynthesis by damaging chloroplasts,
protein synthesis, and inactivate different enzymes
[10]. Thus it is essential to develop suitable water
management strategies in order to attain maximum
yields from the crops irrigated with saline water and
essential mineral nutrients. Therefore, it is very important to develop agricultural management practices to cope with salinity while at the same time, optimizing nitrogen use to improve nitrogen use efficiency and reduce nitrate leaching potential.
Various fertilizers play a significant role in
crop production. An adequate supply of essential nutrients can considerably ameliorate plant growth,
quality and their nutritional values [11]. Both nitrogen and water are vital factors for tomato growth and
fruit quality [12]. Nitrogen is of prime importance
for the plants as it is a major component of chlorophyll, the compound which plays a key role in photosynthesis to produce plant’s food from water and
carbon dioxide in the presence of sunlight [13]. On
the other hand, nitrogen is one of the most limiting
nutrients in vegetable production, especially in crops
with high nitrogen demand like tomato [14].
Tomato is the second most valuable crop, 19%
of all vegetable consumption only behind potato at
23% [15], as well as the second most commonly
grown vegetable in the world after potato [16]. Tomato production requires enormous amount of water
[17, 18] and nitrogen for optimal growth and yield.
Tomato is sensitive to moderate salinity level up to
2.5 dS m-1 for most of the commercial cultivars [19].
Keeping in view the above discussion, no or little research work has been reported regarding the interactive effect of salinity and nitrogen on tomato
growth, fruit yield and quality, the overall objective
of this study was to evaluate the interactive effect of
irrigation water salinity and nitrogen application
rates on tomato growth, yield and fruit quality by
greenhouse pot experiment.
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added in small increments to obtain uniform packing. As a pretreatment, the soil was irrigated with
equal amounts of 4% W/W water of EC = 1 dS m-1
one day before the tomato seedling transplantation.
Soil Collection, Packing, and its Basic Properties. Bulk soil was collected from the upper 30 cm
of the experimental field from the Citrus Research
Center, University of California Riverside. The collected bulk soil was air dried and passed through 10
mm sieve. Based on the soil particle size analysis
(hydrometer method) the soil was classified as sandy
loam. The electrical conductivity (μS m-1) of soil
was determined with an EC meter in an extract (1:5)
after shaking for 3 mins.
Experimental Plan. Plants were irrigated with
two saline water treatments (2 and 4 dSm-1) and one
control treatment (half-strength Hoagland solution).
Three irrigation water treatments were factorial combined with the three levels of nitrogen fertilization
and arranged in a completely randomized design
with three replications. Saline water stock solution
was added to the control treatment to raise the irrigation water salinity up to desired levels of EC = 2 and
4 dS m-1, and the saline water stock solution was prepared by using NaCl, Na2SO4, CaCl2,and MgSO4 in
molar proportion of 0.54, 0.33, 0.11, and 0.02 respectively. This composition is in line with the saline
soil.Tomato crop was fertilized with three nitrogen
rates; viz80, 100 and 120% of the recommendation
for the pot experiment (100 mg Kg-1 soil) made by
Novais et al. 1991. Nitrogen was applied in the form
of Urea in three equal splits, i.e. with the first irrigation after transplantation, at the start of flowering
and at the start of fruiting.
Irrigation. Plants were irrigated weekly for the
first 7 weeks and every 4th day for the remaining
growing season depending on the crop Water Use
(ETa). Etawas measured gravimetrically by weighing
the pot according to the method of FAO irrigation
and drainage paper No. 56 and the required ETawater
plus extra water for leaching requirement (LR) was
added to the pots. The leaching requirement was calculated by the equation developed by as a guideline
for calculating LR based on irrigation water salinity
and crop salt tolerance.

MATERIALS AND METHODS
Pot experiment A pot experiment was carried
out in the greenhouse at the University of California,
Riverside. Tomato was used as the study plant and
the experiment included nine treatments representing different combinations of three irrigation water
salinity levels and three nitrogen fertilization rates.
Plastic pots were used in this experiment about 30
cm in height, 28 cm in diameter with a hole in the
bottom center with the fiberglass wick to facilitate
the drainage water collection. For each pot, a pre-determined amount of soil (Amount of soil = Bulk density * Volume) for bulk density of 1.25 g cm-3 was

TABLE 1
Summary of experimental treatments
Nitrogen Levels
Treatments
80% N
100% N
120% N
S1N1
S1N2
S1N3
Control
2 dS m-1

S2N1

S2N2

S2N3

-1

S3N1

S3N2

S3N3

4 dS m

3558

© by PSP

Volume 30– No. 04/2021 pages 3557-3564

Fresenius Environmental Bulletin

TABLE 2
Chemical composition of different irrigation waters
Chemical composition of Irrigation Waters
Control
2 dS m-1
(ppm)
1.79
295.12
Sodium (Na+)
Calcium (Ca++)
(ppm)
32.74
59.96
potassium (K+)
(ppm)
28.32
26.80
Magnesium (Mg++)
(ppm)
7.74
8.77
Phosphorous (P-)
(ppm)
2.98
2.46
Chloride (Cl-)
(ppm)
2.58
364.12
(ppm)
230.03
167.18
Nitrate (NO3-)
Sulfate (S04=)
(ppm)
35.78
459.44

= ܴܮ

ாೢ
ହா ିாೢ

4 dS m-1
711.80
95.71
21.63
10.38
1.68
978.47
113.63
1173.83

(Table 1.6), it is clear that all three levels of salinity
differed significantly from one another. Total soluble solids of tomato fruits were increased linearly as
the salinity level increased (p <0.01). Our observations about the effect of salinity levels on the total
soluble solids agreed with the findings by [20] Ahmed et al. (2017) who reported that the total soluble
solids increased linearly with salinity levels of irrigation water. Likewise, our results were similar to
the findings obtained by [21-, 23]. It is obvious from
our work that the salinity levels of irrigation water
reduced the fruit water content which in turn increased the total soluble solids of tomato fruit. [24]
Reported a positive relationship between the fruit
soluble solids and irrigation water salinity and observed the increase in tomato fruit total soluble solid
under the saline water irrigation (5.5 dS m-1) treatment in their study. Our observations about the effect
of salinity levels on the total soluble solids agreed
with the findings by [25] who reported that the total
soluble solids increased linearly with salinity levels
of irrigation water.

(1)

Data Collection Plant height and the leaf area
were measured three times during the mid-growing
season before fruiting. Shoot fresh and dry biomass
was determined at the end of the experiment when
fruits were harvested. Total fruit yield per plant (g),
the total number of fruits per plant and average fruit
weight (g) were determined. The homogenized
fruit's juice was subjected to the total soluble solids
(TSS, expressed as °Brix at 20 °C) determination using a portable refract meter and the treatable acidity
determination by titration against NaOH using phenolphthalein as indicator according to the method
described in AOAC.
Statistical analysis Statistical analysis of the
data (ANOVA) was conducted and differences between the means were compared for significance using a Revised Least Significant Difference (LSD)
test at 0.05 levels.

Effect of treatments on tomato growth parameters According to the data recorded regarding
the tomato plant fresh and dry biomass, plant height
and growth parameter were significantly altered
among the salinity and nitrogen applications levels
(Tab.1 and tab. 2). It can be explained that salinity
might have decreased the photosynthetic activities
and prepared insufficient food for plant growth and
fruit enlargement. According to the present study, results suggested that the stress caused by the excess
of ions might reduce CO2 assimilation, stomatal conductance, transpiration and photosynthesis which
consequently tend to hamper plant development.
Mostly Plant growth is affected by the soil salinities
due to a reduction in the osmotic potential of the soil
solution, along with the possibility of the occurrence
of ionic toxicity and/or nutritional imbalance due to
unnecessarily higher accumulation of certain ions in
plant tissues. [26] found that the values of the fresh
seedling weight of the three different tomato cultivars were generally lowered with the increasing salinization comparing with the control. [27]) reported

RESULTS
Soil salinity is one of the most important abiotic
factors controlling crop yields in the arid and semiarid irrigated areas. Plant growth was significantly
affected when the salinity concentration was increased from lower to higher with and without nitrogen application. Higher yields were recorded in the
treatments with lower irrigation water salinity as
compared to higher irrigation water salinity.
Nitrogen application improved tomato growth
and yield parameters while this increment was not
significantly different. Fruit firmness was the only
parameter that was significantly differed with the
different levels of nitrogen application. The effect of
nitrogen along with the saline water irrigation
showed the prominent effects on tomato plant
growth and yield. Data obtained on the total soluble
solids (TSS) of tomato fruit as influenced by various
levels of salinity and nitrogen showed that the effects
of salinity, nitrogen, and their interactions were
highly significant (P< 0.01). For the salinity effect
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that the plant height decreased with increasing irrigation water salinity and this decrease became more
significant when irrigation water of electrical conductivity equal or higher to 3.5 dS m-1 was used. The
findings of [28] support the present results as they
reported that the plants irrigated with fresh-water
produced longer fruits than the plants irrigated with
waters of higher irrigation water salinity. [29] reported an increment in different growth parameters
of tomato plants with the increase in N fertilization,
even under moderate salinity conditions while [30]
found interaction in salinity and nitrogen fertilization
only for the leaf area. On the other hand, [31] reported the significant effect of salinity and nitrogen
level for different growth parameters while the interaction was significant only for the number of leaves
and seedling fresh and dry weight.
By comparing the leaf areas in treatments of
three salinity levels (Table 3), it was found that the
leaf area of 2dSm-1treatment (133.60 cm2) was comparable with that of the control treatment (145.48
cm2). However, the leaf area in the 4dS m-1(89.99
cm2) was significantly lower than that of the control
(38.14 % decrease). [32] observed that the leaf area
of cherry tomato decreased linearly with the increase
in irrigation water salinity and reduction of 9.21%
per unit increase in ECiw.. The excess of salts in the
root zone might have negative effects on plant
growth, because of the higher osmotic effect outside
the roots and restriction in the water flow from the
soil to the plants, which is necessary for survival and
production under saline stress conditions [33]
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0.01), while the effects of nitrogen levels and the salinity × nitrogen interaction on the total fruit yield of
tomatoes per plant were found non-significant.
It can be seen that the total fruit yield of tomatoes per plant in various levels of salinity treatments
differed significantly from one another (Table 4).
The significantly highest total fruit yield of tomatoes
per plant (2259.7 g per plant) was recorded in control
treatment as against the total yield of 1988.1 and
1211.9 g per plant, respectively, in 2 and 4 dS m-1
irrigation water salinity treatments, which represent
12.1 and 46.36% reductions, compared with the control treatment. There was a significant and linear decrease in the total fruit yield of tomatoes per plant as
the salinity level increased from control to 4 dS m-1.
Our results regarding the effects of salinity levels are in agreement with the work of other researchers who reported that salinity levels above 2 dS m-1
reduced the total fruit yield of tomato significantly.
[34] also indicated that the tomato yields reduced
when the plants were irrigated with a nutrient solution of EC 2.5 dS m-1 or higher, and they attributed
the yield reduction to the decrease in average fruit
weight and/or number of fruits.
Also [35] reported that total fruit yield of tomato reduced by 11% upon each unit increase in the
salinity of the irrigation water. Reduction in total
fruit yield (49.7%) of tomato has also been observed
at higher salinity levels (12 dS m-1) in comparison
with the control (1.2 dS m-1), while a moderate salinity level (2.4 dS m-1) of irrigation water had no significant effect in this regard [36]. According to [37]
increasing EC of irrigation water from 1.5 to 3.2 dS
m-1 reduced about 45% tomato yield. Also [38] reported yield reduction in plants irrigated with water
of 3.6 dS m-1 as compared with that of irrigated with

Effect of treatments on fruit yield and quality. Our results about the total tomato fruit yield per
plant showed that the effect of salinity levels on the
total fruit yield per plant was highly significant (P<

TABLE 3
Effect of irrigation water salinity and nitrogen fertilization on tomato growth parameters.
Shoot fresh weight Shoot dry weight
Treatments
Shoot length (cm)
Leaf area index
(g)
(g)
80% Nitrogen
41.67
848.72
113.07
143.92
100% Nitrogen
42.50
897.07
114.54
141.45
Control
120% Nitrogen
43.00
921.30
118.10
151.06
Mean
42.39a
889.03a
115.24a
145.48a
80% Nitrogen
41.00
816.89
105.58
134.13
100%
Nitrogen
41.33
840.44
109.36
129.33
EC 2 dS m-1
120% Nitrogen
41.67
906.18
112.69
137.34
Mean
41.22a(-2.76%)
854.50a(-3.88%) 109.21a(-5.23%) 133.60a(-8.17%)
80% Nitrogen
37.33
419.72
61.19
91.59
100% Nitrogen
38.17
508.00
71.55
89.58
39.17
527.82
77.44
88.79
EC 4 dS m-1 120% Nitrogen
17.19b
485.18b
70.06b
89.99b
Mean
(-59.44%)
(-45.43%)
(-39.21%)
(-38.14%)
80% Nitrogen
40.00
695.11ab
93.28a
123.21a
Mean
100% Nitrogen
40.67
748.50a
98.48a
120.12a
120% Nitrogen
41.28
695.11ab
102.74a
125.73a
Means followed by similar letter(s) in respective row or column do not differ significantly from one another.
Number in the parenthesis shows the percent increase or decrease.
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TABLE 4
Effect of irrigation water salinity and nitrogen fertilization on tomato fruit yield and quality.
Fruit
Total fruit Number of Average
Fruit waFruit
firmness Fruit TSS
Fruit volTreatments
yield per fruits per
ter confruit
length
(°Brix)
(pound
ume (cm3)
plant
plant (g)
tent (%)
weight (g) (mm)
force, lbf)
80%
2122.49
77.67
27.42
50.16
38.79
93.02
1.01
5.81
Nitrogen
100%
2255.62
81.67
27.68
50.40
39.04
93.66
1.09
5.50
Control Nitrogen
120%
2400.89
84.00
28.84
50.56
39.24
93.72
1.12
5.34
Nitrogen
Mean
2259.70a
81.11a
27.98a
50.37a
39.02a
93.45a
1.07c
5.55c
80%
1920.98
65.67
29.97
50.47
39.14
92.67
1.07
6.15
Nitrogen
100% Ni1989.51
69.67
28.94
51.05
39.99
92.69
1.28
6.10
EC 2 dS trogen
-1
120%
m
2053.84
74.33
27.81
52.61
41.29
92.74
1.33
6.10
Nitrogen
1988.10b
69.89b
28.90a
51.38a
40.14a
92.70b
1.23b
6.11b
Mean
(-12.01%) (-13.83%) (-3.65%)
(-0.81%) (14.95%) (10.09%)
80%
1115.70
58.00
20.12
40.74
30.43
92.11
1.22
6.97
Nitrogen
100%
1246.99
60.67
20.60
41.08
30.84
91.56
1.39
6.58
EC 4 dS Nitrogen
-1
m
120%
1273.02
62.67
20.73
42.14
31.43
91.24
1.62
7.02
Nitrogen
1211.90c
60.44c
20.49b
47.12b
30.90b
91.64c
1.41a
6.85
Mean
(-46.36%) (-25.48%) (-26.77%) (-6.45%) (-20.81%) (-1.94%) (31.78%) (23.42%)
80%
1719.70a
67.11a
25.84a
47.12a
36.12a
92.11a
1.10c
6.31a
Nitrogen
100%
91.56a
1.25b
6.06b
Mean
1830.70a
70.67a
25.74a
47.51a
36.62a
Nitrogen
(13.63%)
120%
91.24a
1.36a
6.15b
1909.20a
73.67a
25.80a
48.44a
37.32a
Nitrogen
(23.63%)
Means followed by similar letter(s) in respective row or column do not differ significantly from one another.
Number in the parenthesis shows the percent increase or decrease.

water of 0.9 dS m-1. [39] published their work reporting that the significantly highest total fruit yield was
recorded in plants irrigated with fresh-water and significant yield reduction was observed in plants irrigated with saline water of EC = 4 dS m-1 and higher.
[40] observed that the most sensitive plants may suffer physiological damages, with subsequent significant yield loss, while moderately sensitive to tolerant
plants are still able to produce acceptable yields. [41]
observed the 11.51% and 25.84% decrease in yield
when irrigation water salinity was 6.3 and 9.1 dS m1
as compared with fresh-water (EC = 0.38 dS m-1).
[42] also reported that that the tomato fruit yield per
plant significantly reduced with the application of
saline irrigation water of EC = 3.0 and 4.5 dS m-1 as
compared to irrigation water of EC = 0.55 EC = 2 dS
m-1. Yield reduction has been attributed to reduced
photosynthesis, high energy and carbohydrate expenditure in osmoregulation under salt stress conditions [43].

The results regarding the effect of nitrogen levels on the total fruit yield of tomatoes per plant (Table 4) showed that 80% of the recommended level of
nitrogen seems better as there was no significant increase in yield at higher N application rates.
Comparing the salinity levels with one another
(Table 4), it was observed that all the three EC levels
differed significantly from one another as regards
their effect on the number of fruits per plant. The
control treatment was found with the significantly
highest number of fruits per plant (81) and it decreased linearly as the salinity level was increased at
a significant level of p < 0.01. The reduction in the
number of fruits per plant was 13.83 and 25.48% at
2 and 4 dS m-1, respectively.
Though the results for nitrogen levels were
non-significant, (Table 4), there was a little linear increase in the number of fruits per plant as N application rate increases from 80% of recommended nitrogen to 120% of recommended nitrogen. However, it
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can be visualized from these results that the application of 80% of the recommended level of nitrogen
seems better under the greenhouse conditions.
Inconsistencies have been found in the literature regarding the number of fruits per plant as influenced by the salinity. [44] reported that moderate salinity had no effect on the number of fruits per plant
and the yield reduction was entirely due to smaller
fruit size. However, their results are inconsistent
with the study of [45] who reported that the decline
in number of fruits per plant was a result of increasing salinity. The reduction in number of fruits per
plant in this study might be related to the reduced
number of flower per truss and per plant in higher
salinity treatments [46] who indicated that the number of tomato fruits/plant depended on the number of
trusses/plant, and the number of flowers/truss and
the number of trusses/plant decreased as irrigation
water salinity, as well as salinization period increased.
Comparing the various levels of salinity with
one another (Table 4), it can be visualized that all
three levels of irrigation water salinity were significantly different from one another. The fruit firmness
of tomato was significantly and linearly increased
with the increase in the salinity level. The increase in
fruit firmness over control was 14.95 and 31.78 %,
respectively due to 2 and 4 dS m-1 treatments. As regards the effect of various levels of nitrogen on the
fruit firmness (Table 4), it can be seen that all three
levels of nitrogen were significantly different from
one another. The fruit firmness was increased linearly as the nitrogen level was increased from 80 %
to 120 % N. The interactions between salinity levels
and nitrogen levels on the fruit firmness of tomato
(Fig.1.1) showed that the highest level of nitrogen
produced tomatoes with significantly greater fruit
firmness at three levels of irrigation water salinity.
Similarly, the significant results were observed for
the fruit water content (93.45%) and the significantly
lowest fruit water content of 91.64% were recorded
in control treatment and irrigation water salinity of 4
dS m-1 treatment respectively. This decrease in fruit
water content due to the use of saline water can be
explained on the basis of making osmotic adjustments [47]. Soluble salts lower the osmotic potential
of the soil water, thus lower leaf water potential is
required to sustain transpiration [48]. In other words,
plants spend more energy on the uptake of water.
Looking at the various levels of salinity on the
fruit volume of tomato (Table 4), it can be visualized
that the 2 dS m-1 (40.14) was at par with control treatment (39.02) and both of these treatments were significantly different from 4 dS m-1 (30.92). The reduction in fruit volume at 4 dS m-1 was 20.81 % over the
control treatment. This reduction might
be due to the adverse effect of salinity on the number
of leaves per plant and disruption of chloroplasts resulting in reduced photosynthetic activity of tomato
plants and synthesis of food. High salinity stress
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causes the stress on plant growth and productivity
due to the effective increment in the osmotic stress,
ion toxicity, and alterations in soil physical and
chemical properties[49] ), as well as triggering an
imbalance of nutritional cations in plant tissues [50].
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'HSDUWPHQWRI%LRORJ\)DFXOW\RI6FLHQFH$NGHQL]8QLYHUVLW\$QWDO\D7XUNH\



$%675$&7

,QWKLVVWXG\P\[RP\FHWHVVDPSOHVZDVXVHGDV
PDWHULDO DQG FROOHFWHG IURP WKH 6RXWKHDVWHUQ
$QDWROLDUHJLRQRI7XUNH\7KHUHVXOWVRIILHOGDQG
ODERUDWRU\ VWXGLHV IRXU P\[RP\FHWHV VSHFLHV
LGHQWLILHG WR QHZ UHFRUG IRU 7XUNH\ 1HZ UHFRUGV
DUH Didymium decipiens 0H\O D. orthonemata
+:.HOOHU 7(%URRNVD. tussilaginis %HUN 
%URRPH  0DVVHH DQG Hemitrichia aurea 1DQQ
%UHPHN  + 1HXEHUW Hemitrichia aurea VSRUR
FDUSVZDVIRXQGRQWKHQDWXUDODUHD7KHRWKHUWKUHH
VSHFLHV ZHUH JURZQ LQ WKH ODERUDWRU\ E\ PRLVW
FKDPEHUFXOWXUHPHWKRG$VDUHVXOWRIQDWXUDODQG
ODERUDWRU\ VWXGLHV IRXU QHZ UHFRUGV ZHUH OLVWHG
EHORZ 'HVFULSWLRQV KDELWDWV ORFDOLWLHV FROOHFWLRQ
GDWHV IXQJDULXP QXPEHUV DQG LPDJHV RI WKH WD[D
ZDVJLYHQ



HFRV\VWHPVVXFKDVWKHEDUNVXUIDFHRIOLYLQJWUHHV
IRUHVW IORRU OLWWHU DQG IDOOHQ WUHHV GHFD\LQJ ZRRG
IRUHVWIORRUOLWWHURUWKHGXQJRIKHUELYRURXVDQLPDOV
>@ 0\[RP\FHWHV FRQVLVWV RI  VSHFLHV
ZRUOGZLGH>@7KHQXPEHURIWKHP\[RP\FHWHVLQ
7XUNH\DUH>@$LPRIWKLVVWXG\WRLGHQWLI\
P\[RP\FHWHVRI6RXWK(DVW$QDWROLDDQGDGGWRQHZ
UHFRUGWR7XUNLVKP\[RELRWD


0$7(5,$/6$1'0(7+2'6

0\[RP\FHWHVFROOHFWHGIURPGLIIHUHQWKDELWDWV
RI +DWD\ DQG %DWPDQ 3URYLQFH )LJXUH   6RPH
VDPSOHV REWDLQHG QDWXUDO DUHDV %XW VRPH VSHFLHV
REWDLQHG ZLWK PRLVW FKDPEHU FXOWXUH WHFKQLTXH LQ
ODERUDWRU\ )RU PRLVW FKDPEHU FXOWXUH WHFKQLTXH
SODQW PDWHULDOV VXFK DV GHFD\LQJ ZRRGV EDUNV
OHDYHV GHEULVHV DQLPDO GXQJV FROOHFWHG IURP
GLIIHUHQW ORFDOLWLHV DQG PRLVWHQHG ZLWK GLVWLOOHG
ZDWHU LQ SHWUL GLVKHV 6WHULOH ILOWHU SDSHU LV ODLG RQ
SHWULGLVKHVDQGWKHFROOHFWHGVXEVWUDWHVZHUHSODFHG
'LVWLOOHG ZDWHU ZDV DGGHG DQG ZDLWHG  KRXUV LQ
VXPPHU DQG  KRXUV LQ ZLQWHU 6DPSOHV ZHUH
FKHFNHGRQDVWHUHRPLFURVFRSHHYHU\WZRGD\VDQG
WKHVSRURSKRUHGHYHORSPHQWVLQWKHOLIHF\FOHRIWKH
P\[RP\FHWHVPHPEHUVZHUHQRWHGDQGKDYHWULHGWR
REWDLQ VSRURSKRUH 7KH GHYHORSHG 0\[RP\FHWHV
ZHUH DOORZHG WR GU\ 7KHQ VDPH FKDPEHUV ZHUH
UHPRLVWHQHGIRUDQRWKHUZHHNSHULRGDQGDQDO\VLV
ZDV SHUIRUPHG DV SUHYLRXVO\ GHVFULEHG 7KH
LGHQWLILFDWLRQ RI 0\[RP\FHWHV PHPEHUV ZDV GRQH
DFFRUGLQJWRRQWKHLQWHUQHWXVLQJRQOLQHUHVRXUFHV
WKHVHV FRORU DWODVHV DQG UHIHUHQFH ERRNV >@
6DPSOHV ZHUH DUUDQJHG DV IXQJDULXP PDWHULDO DQG
NHSW LQ WKH %LRORJ\ 'HSDUWPHQW¶V ODERUDWRU\ RI
0XVWDID.HPDO8QLYHUVLW\+DWD\7XUNH\


5(68/76$1'',6&866,21

6KRUW GHVFULSWLRQV KDELWDWV ORFDOLWLHV
FROOHFWLRQGDWHVIXQJDULXPQXPEHUVDQGLPDJHVRI
WKH WD[D ZDV JLYHQ $V D UHVXOW RI QDWXUDO DQG
ODERUDWRU\ VWXGLHV IRXU QHZ UHFRUGV ZDV JLYHQ
EHORZ7DEOH


.(<:25'6
0\[RP\FHWHV WD[RQRP\ QHZ UHFRUGV +DWD\ %DWPDQ
7XUNH\


,1752'8&7,21

7KH P\[RP\FHWHV SODVPRGLDO VOLPH PROGV 
DUHHXNDU\RWLFPLFURRUJDQLVPV7KH\FDQEHIRXQG
VRPHWLPHV DEXQGDQWO\ LQ PRVW WHUUHVWULDO
HFRV\VWHPVDVVRFLDWHGZLWKSODQWVDQGSODQWGHEULV
0\[RP\FHWHV DUH SKDJRWURSKLF DPRHERLG
HXNDU\RWHV D JURXS RI IXQJXVOLNH RUJDQLVPV 7KH
SURGXFWLRQRIIUXLWLQJERGLHVDQGGLVSHUVDOE\VSRUHV
FDXVH P\[RP\FHWHV WR DSSHDU VLPLODU WR IXQJL
7HPSHUDWXUH PRLVWXUH S+ DQG WKH DYDLODELOLW\ RI
GHFRPSRVLQJ SODQW PDWHULDO DUH SULQFLSDO IDFWRUV
RFFXUUHQFH RI P\[RP\FHWHV LQ QDWXUH >@ 7KHLU
OLIH F\FOH LQFOXGHV P\[DPRHEDH RU VZDUP FHOOV
PXOWLQXFOHDWHSODVPRGLDDQGIUXLWERGLHV7KHUHDUH
IRXU IUXLWLQJ ERG\ W\SHV VSRUDQJLXP
SODVPRGLRFDUSDHWKDOLXPDQGSVHXGRDHWKDOLXPDQG
D KHWHURWKDOOLF 0\[RP\FHWHV VSRUDQJLXP FRQWDLQV
PDLQO\ VL[ SDUW 7KH\ OLYH SUHGDWRU\ RQ RWKHU
PLFURRUJDQLVPV IHHG SKDJRWURSKLFDOO\ RQ EDFWHULD
\HDVWVVSRUHVRIILODPHQWRXVIXQJLDOJDHDQGRWKHU
SURWLVWV 7KH\ LQKDELW PLFURHQYLURQPHQWV LQ IRUHVW
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'RPDLQ(XNDU\D
5HJQXP3URWR]RD
'LYLVLR$PRHER]RD
6XEGLYLVLR0\FHWR]RD>@

'HVFULSWLRQVRIQHZUHFRUGV
Didymium decipiens 0H\O %XOO 6RF 9DXG
6FL1DW 

'HVFULSWLRQ )UXLWLQJ ERGLHV DUH SODVPRGLR
FDUSVIODWWKLQHIIXVHH[SDQGHGYDU\LQJIURPGXOO
JUH\JUH\LVKZKLWHEODFNZKHQWKHOLPHGHSRVLWVDUH
PLVVLQJWRQHDUO\ZKLWHZKHQLWLVPRUHDEXQGDQW
+\SRWKDOOXV LQFRQVSLFXRXV 6WDON DQG &ROXPHOOD
DEVHQW3HULGLXP PHPEUDQRXV\HOORZEURZQGDUN
JUH\LVKEURZQWREODFNLVKJUH\LULGHVFHQWFRYHUHG
E\VSULQNOHGRUHQFUXVWHGZLWKOLPHLQWKHIRUPRID
IHZODUJHDQGPDQ\VPDOOFU\VWDOVRIGLIIHUHQWVL]HV
EXW PRVWO\ DV JUDQXOHV &DSLOOLWLXP DEXQGDQW
EURZQLVKSDOHEURZQLVK\HOORZFRPSRVHGRIQHDUO\
VWUDLJKW RU WRUWXRXV VSDUVHO\ EUDQFKHG WKUHDGV 
P GLDP VOLJKWO\ H[SDQGHG DW WKH DWWDFKHG EDVHV
DQGDWWKHWLSVPDJQLI\LQJJODVV\HOORZLVKK\DOLQH
ZLWKK\DOLQHHQGVZKHUHWKH\DUHPRVWO\DWWDFKHGWR
WKHSHULGLXPEHDULQJ  FORVHO\ZRXQGVSLUDO
EDQGV H[FHSW DW WKH VPRRWK H[SDQGHG HQGV WKH
WKUHDGVVRPHWLPHVVSLUDOO\WZLVWHGDERXWHDFKRWKHU

ILODPHQWV ZLWK WLJKWO\ ZRXQG VSLUDO EDQGV VWUDLJKW
DQG SDUDOOHO VSDUVHO\ EUDQFKHG DQG DQDVWRPRVHG
ZLWKIXQQHOVKDSHGHQGV6SRUHPDVVEODFN6SRUHV
GHHSSXUSOLVKEURZQGDUNEURZQGHQVHO\ZDUWHGRU
E\ 6(0 SRO\KHGUDO WR JORERVH VXEUHWLFXODWH WR
UHWLFXODWHSRO\KHGUDOZLWKZHOOGHILQHGVLGHVDQGWKH
RUQDPHQWDWLRQ IRUPHG E\ D UHWLFXOXP RI LUUHJXODU
PHVKHVVRPHWLPHVLQFRPSOHWHZLWKQRQSHUIRUDWHG
ZDOOVDQGPRUHRUOHVVGHQWHGSURMHFWLRQVJORERVHRU
RIWHQ RYDWH RU HOOLSWLFDO LQ RXWOLQH    P
GLDP3ODVPRGLXPXQNQRZQ )LJXUH 

&RPPHQWV D. decipiens LV FKDUDFWHUL]HG E\
SODVPRGLRFDUSRXV IUXFWLILFDWLRQV ZLWK D GDUN
SHULGLXP WKDW WXUQV ZKLWH WR JUH\ GXH WR WKH OLPH
GHSRVLWVXQLIRUPO\FRORXUHGFDSLOOLWLXPIRUPHGE\
ILODPHQWV RUQDPHQWHG ZLWK WLJKWO\ ZRXQG VSLUDO
EDQGV WKDWUHPLQGXVRIVRPHVSHFLHVRIWKHRUGHU
7ULFKLLGD  DQG ODUJH VXEUHWLFXODWH WR UHWLFXODWH
VSRUHV  P LQ GLDP SRO\KHGUDO ZLWK ZHOO
GHILQHG ZDOOV D. decipiens WKH RULJLQDO GLDJQRVLV
LQFOXGHG QR GHWDLOV RI WKH H[WHUQDO DSSHDUDQFH
VWDWLQJ RQO\ WKDW LW ZDV LQGLVWLQJXLVKDEOH LQ WKDW
UHVSHFW IURP Didymium dubium 5RVWDI D. dubium
IXUWKHUFDQEHGLIIHUHQWLDWHGE\VPDOOHUJORERVH DQG
QRW SRO\KHGUDO  VSRUHV  P LQ GLDP
RUQDPHQWHGZLWKEDFXODHWKDWDUHXQLWHGE\
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7$%/(
,GHQWLILFDWLRQNH\VRIQHZUHFRUGVSHFLHV
6SRUHVERUQHLQWHUQDOO\VSRURSKRUHGHYHORSPHQWLVP\[RJDVWURLGFDQEHVWDONHGRUVHVVLOHFDQ
KDYHFDSLOOLWLXPDQGFROXPHOODWKHUHDUHFDOFDUHRXVQRGHVRUFDOFDUHRXVLQWHUQRGHVFRQVLVWLQJRI
VLPSOHEUDQFKHGWXEXODUVWULQJVFU\VWDOOLQHRUJUDQXODUOLPHGHSRVLWVDUHPRVWO\VHHQLQVSRURSKRUHRU
FDSLOOLWLXP

&ODVVLV0\[RJDVWULD
/LPHSUHVHQWLQVRPHSDUWRIWKHIUXLWLQJERGLHVVWDONFROXPHOODFDSLOOLWLXPRUSHULGLXP
SODVPRGLXPW\SHLV3KDQHURSODVPRGLXPVSRUHVYLRODFHRXVEURZQGHHSSXUSOLVKEURZQWREODFN

2UGHU3K\VDULGD
$&DSLOOLWLXPQRWKDYHFDOFDUHRXVGHSRVLWVFDSLOOLWLDOWKUHDGVDUHEODFNRUGDUNFDOFDUHRXVGHSRVLWV
ZKHQSUHVHQWDIIHFWLQJWKHSHULGLXPRQO\DQGWKHUHDUHVWHOODWHOLPHFU\VWDOVRUVRPHWLPHVRQWKHVWLSH

'LG\PLLGDH
)UXFWLILFDWLRQPRVWO\VSRUDQJLDWHVRPHWLPHVSODVPRGLRFDUSSHULGLXPFRQWDLQVVWHOODWHRUDQJXODU
OLPHFU\VWDOVFDSLOOLWLXPQRWFDOFDUHRXV

Didymium
D6SRUHVGHQVHO\DQGLUUHJXODUVSLQXORVHRFFDVLRQDOO\ZLWKFRQVSLFXRXVJURXSVRIVOLJKWO\GDUNHU
VSLQHV

E
D6SRUHVVXEUHWLFXODWHWRUHWLFXODWHSRO\KHGUDOZLWKZHOOGHILQHGVLGHVDQGWKHRUQDPHQWDWLRQIRUPHG
E\DUHWLFXOXPRILUUHJXODUPHVKHVVRPHWLPHVLQFRPSOHWHZLWKQRQSHUIRUDWHGZDOOVDQGPRUHRUOHVV
GHQWHGSURMHFWLRQV

Didymium decipiens
E6SRUHVGDUNYLROHWEURZQXQLIRUPO\HFKLQXODWHZLWKVSLQHVWRPKLJKPGLDP
)UXFWLILFDWLRQVVRPHWLPHVVSRUDQJLDWHEXWXVXDOO\SODVPRGLRFDUSRXV

Didymium orthonemata
E6SRUHVSDOHEURZQWRYLRODFHRXVEURZQZLWKDZDOORIXQLIRUPWKLFNQHVVZLWKRXWREYLRXVO\OLJKWHU
JHUPLQDWLRQSRUHGHQVHO\DQGLUUHJXODUVSLQXORVHRFFDVLRQDOO\ZLWKFRQVSLFXRXVJURXSVRIVOLJKWO\
GDUNHUVSLQHV)UXFWLILFDWLRQVLUUHJXODUO\URXQGHGUDUHO\REORQJSODVPRGLRFDUSV

Didymium tussilaginis
/LPHDEVHQWIURPDOOSDUWVRIWKHIUXLWLQJERGLHVSODVPRGLXPLV7ULFKLDFHXVSODVPRGLXPW\SHV
VSRUHPDVVPRUHRUOHVVEULJKWO\FRORUHGUDUHO\SDOOLGRUOLJKWEURZQVSRUHVZKLWHRUDQJH\HOORZ
UHGGLVKK\DOLQHRUOLJKWFRORUHG

2UGHU7ULFKLLGD
$&DSLOOLWLDOWKUHDGVIRUPWKLFNDQGGLVWLQFWVSLUDOEDQGVQHHGOHVWKRUQVHQGVDUHEOXQWRUWDSHUHGRU
ELIXUFDWHGWXEXODUFDSLOOLWLXPIUHHRUDWWDFKHGWRWKHEDVHRIWKHVSRURF\VWRIWHQLQDQHWZRUN

7ULFKLLGDH
)UXLWLQJERGLHVVSRUDQJLXPRUDSODVPRGLRFDUS\HOORZEURZQRUDOPRVWEODFNSHULGLXPPHPEUD
QDFHRXVRSHQLQJLUUHJXODUO\VWDONLISUHVHQWYHU\VKRUWFDSLOOLWLXPQHWVKDSHGRURIORQJWRYHU\
ORQJEULFNUHGIUHHHODWHUV

Hemitrichia
D)UXLWLQJERGLHVVSRUDQJLXPVHVVLOHFOXVWHUHGJORERVHWRRYDWHVKLQLQJJROGHQ\HOORZWR\HOORZ
EURZQSHULGLXPWKLQWUDQVSDUHQWWKHXSSHUSDUWZULQNOHGDQGZLWKRXWGHFRUDWLRQFDSLOOLWLXPLQHODV
WLFVRPHWLPHVWULDQJXODUPHVKHVDQGQXPHURXVVKRUWVZROOHQSRLQWHGIUHHHQGVVSRUHVJORERVH\HO
ORZEURNHQUHWLFXODWH

Hemitrichia aurea
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Didymium decipiensD 3ODVPRGLRFDUSEFGH &DSLOOLWLXPVWHOODWHOLPHFU\VWDOVDQGVSRUHVI VSRUHV

ORZZDOOVIRUPLQJDQLQFRPSOHWHUHWLFXOXPE\6(0
VSHFLPHQ LV W\SLFDO WKH DEHUUDQW FKDUDFWHU RI WKH
>@ $FFRUGLQJ WR 0DUWLQ DQG $OH[RSRXORV >@
OLPHDUHWKHPDUNVRIWKLVXQXVXDOVSHFLHV>@
WKHUH DUH FRQVLVWHQWO\ WKUHH RU IRXU VXFK EDQGV

DSSDUHQWO\DWWDFKHGERWKWRWKHEDVHDQGWKHSHULGLXP
6SHFLPHQV H[DPLQHG %DWPDQ FLW\ FHQWHU
RI WKH WKLQ H[SDQGHG IUXFWLILFDWLRQ VPRRWK RQO\
 1 (  P  RQ
QHDU WKH H[SDQGHG EDVHV DQG WLSV 7KH EDQGV DUH
ILOWHUSDSHUDQGSODVWLFSHWULGLVKHV$OWDú
H[DFWO\OLNHWKRVHRIDW\SLFDOTrichiaDQGWKHFRLOLQJ
:RUOGGLVWULEXWLRQ*HUPDQ\6ZLW]HUODQG
RIWKHHODWHUVDERXWRQHDQRWKHUVXJJHVWVWKDWIHDWXUH
Didymium orthonemata +: .HOOHU  7(
DVLWDSSHDUVLQMetatrichia vesparia %DWVFK 1DQQ
%URRNV0\FRORJLD   
%UHPHNH[*:0DUWLQ $OH[RSH[FHSWIRUWWKH
ODFN RI IUHH VFXOSWXUHG HQGV 7KLV DQG WKH ODUJH
'HVFULSWLRQ )UXFWLILFDWLRQV JUHJDULRXV WR
YHU\ GDUN VWURQJO\ ZDUWHG VSRUHV DQG LI RXU
VFDWWHUHG VHVVLOH RQ D EURDG EDVH SXOYLQDWH WR
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GHSUHVVHG VRPHWLPHV VSRUDQJLDWH EXW XVXDOO\
SODVPRGLRFDUSRXVXSWRPPDFURVVDQGFPLQ
OHQJWKDERXWPPWKLFNZKLWLVKWRSDOHGXOO
JUD\SXUSOLVKEODFNZKHQOLPHVFDQW\+\SRWKDOOXV
QRW DSSDUHQW 6WDON DEVHQW &ROXPHOOD ODFNLQJ WKH
IORRU RI WKH IUXFWLILFDWLRQ VOLJKWO\ WKLFNHQHG
OLPHOHVVEURZQWRSXUSOLVKEODFN3HULGLXPIUDJLOH
VLPSOH PHPEUDQRXV K\DOLQH HLWKHU GHQVHO\
HQFUXVWHGZLWKDFRQWLQXRXVOD\HURIFU\VWDOOLQHOLPH
RU VSDUVHO\ VSULQNOHG ZLWK OLPH LQ DJJUHJDWHV RU
FOXPSV OLPH FU\VWDOV YDU\LQJ IURP LUUHJXODU WR
VWHOODWH WR QRGXODU PDVVHVZLWKSURMHFWLQJ VSLFXOHV
GHKLVFHQFH LUUHJXODU IURP DERYH &DSLOOLWLXP
FRQVLVWLQJ RI PRUH RU OHVV VWUDLJKW XSULJKW FRDUVH
WKUHDGV  ȝP LQ GLDP VPRRWK RU VRPHWLPHV
URXJKHQHG E\ VPDOO EXPSV LQ WKH PLGSRUWLRQV
XVXDOO\K\DOLQHEXWVRPHWLPHVSDOHWRGDUNSXUSOLVK
EURZQZLWKK\DOLQHH[WUHPLWLHVUDUHO\DQDVWRPRVLQJ
LQ WKH PLGSRUWLRQV WKHQ RIWHQ IRUPLQJ +VKDSHG
WKUHDGV PRUH RU OHVV SDUDOOHO H[WHQGLQJ IURP WKH
EDVHWRWKHXSSHUSDUWRIWKHSHULGLXPLQGHKLVFHQFH
XVXDOO\ EUHDNLQJ DW WKH EDVH DQG UHPDLQLQJ
SHUVLVWHQWO\ DWWDFKHG WR WKH SHULGLXP 6SRUHPDVV
GDUN EURZQ 6SRUHV GDUN YLROHWEURZQ XQLIRUPO\
HFKLQXODWHZLWKVSLQHVWRPKLJKPGLDP
)LJXUH 




)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

&RPPHQWV D. orthonemataLV GLVWLQJXLVKHG
E\ LWV UDWKHU FRDUVH XSULJKW FDSLOOLWLDO WKUHDGV WKDW
VHOGRP DQDVWRPRVH DQG E\ LWV VWURQJO\ VSLQXORVH
VSRUHV&RUWLFRORXVVSHFLHVJURZLQJDQGIUXLWLQJRQ
WKH EDUN VXUIDFH RI OLYLQJ WUHHV DQG YLQHV 7KLV
VSHFLHVLVYHU\VLPLODUWRDidymium anellus0RUJDQ
H[FHSW IRU WKH GDUNHU FRORXU DQG ODUJHU VL]H RI WKH
VSRUHVZKLFKDUHPYHUVXVOHVVWKDQP
LQD. anellus>@$OWKRXJKWKLVVSHFLHVODFNVDQ\
SDUWLFXODUO\ GLVWLQFWLYH IHDWXUH LWV FRPELQDWLRQ RI
FKDUDFWHULVWLFVGRHVQRWDJUHHZLWKWKDWRIDQ\RIWKH
SUHVHQWO\ DFFHSWHG VSHFLHV RI Didymium )URP WKH
W\SLFDOO\ VWDONHG VSHFLHV RI WKH JHQXV ZKLFK RQ
RFFDVLRQIRUPSODVPRGLRFDUSRXVIUXFWLILFDWLRQVD.
orthonemataLVGLVWLQFWLYH,QVSRUHFKDUDFWHULVWLFVLW
LVPRVWVLPLODUWRDidymium melanospermum 3HUV 
70DFEU., EXWGLIIHUVDOVRLQWKHFRQVLVWHQWODFNRID
SURPLQHQW
FDOFDUHRXV
FROXPHOOD
)URP
SODVPRGLRFDUSRXV
SKDVHV
RI
Didymium
squamulosum $OE 6FKZHLQ )U 3DOPTXLVW LW
GLIIHUV LQ WKH ODUJHU GDUNHU VSRUHV $PRQJ WKH
SODVPRGLRFDUSRXVVSHFLHVD. orthonemataKDVVRPH
VXSHUILFLDO UHVHPEODQFH WR Didymium sturgisii
+DJHOVW, EXW ODFNV WKH WUDEHFXODU SHUIRUDWLRQV 7KH
VSRUHVDOVRWHQGWREHODUJHUDQGDUHGDUNHUDQGPRUH


),*85(
Didymium orthonemataD 6SRURSKRUHVEFG 6SRUHVVWHOODWHOLPHFU\VWDOVDQGFDSLOOLWLXP
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VWURQJO\ RUQDPHQWHG 7KLV VSHFLHV LV SHUKDSV PRVW
FORVHO\UHODWHGWRD. dubium7KHODWWHUVSHFLHVKDV
DQ DEXQGDQW FDSLOOLWLXP ZLWK WKUHDGV IUHHO\
DQDVWRPRVLQJ E\ QHDUO\ WUDQVYHUVH EDUV WR IRUP DQ
HODVWLF QHW VHSDUDWLQJ UHDGLO\ IURP WKH EDVH DQG
SHULGLXP LQ GHKLVFHQFH DQG VSRUHV SDOHU DQG
VPRRWKHU RQ RQH VLGH ,Q D. orthonemata WKH
FDSLOOLWLXP LV VFDQW\ VHOGRP DQDVWRPRVLQJ DQG
SHUVLVWHQW WR WKH SHULGLXP LQ GHKLVFHQFH DQG WKH
VSRUHVDUHXQLIRUPLQFRORUODFNLQJDSDOHUDUHD,Q
DQ\FDVHVSRUHRUQDPHQWDWLRQGLIIHUVPDUNHGO\DQG
GLVWLQJXLVKHVD. dubiumIURPD. orthonemata,QWKH
IRUPHU VSHFLHV WKH VSRUHV DUH PLQXWHO\ WR VWURQJO\
ZDUWHGWKHZDUWVLUUHJXODUO\GLVWULEXWHGDQGWHQGLQJ
WREHIXVHGDWWKHLUEDVHVLQWRFXUYHGOLQHVRUIRUPD
GLVWLQFWO\VXEUHWLFXODWHSDWWHUQLQWKHODWWHUVSHFLHV
VSRUHVDUHXQLIRUPO\DQGFRQVSLFXRXVO\VSLQ\ZLWK
QR HYLGHQFH RI D VXEUHWLFXODWH SDWWHUQ 5DQJH LQ
VSRUH VL]H RYHUODSV LQ WKH WZR VSHFLHV EXW LV
FRQVLVWHQWO\ODUJHULQD. orthonemata >@

6SHFLPHQV H[DPLQHG +DWD\ 5H\KDQOÕ
.RQXN  1 (  P
RQGHEULV$WD\

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

:RUOGGLVWULEXWLRQ0H[LFR86$

Didymium tussilaginis %HUN  %URRPH 
0DVVHH0RQRJU0\[RJDVWU  
6\QPhysarum tussilaginis%HUN %URRPH
Diderma tussilaginis %HUN %URRPH .XQW]H

'HVFULSWLRQ 6SRURFDUSV LUUHJXODUO\ URXQGHG
UDUHO\ REORQJ SODVPRGLRFDUSV OLJKW JUH\ RIWHQ
FRQVSLFXRXVO\IODWVHVVLOHRQDEURDGEDVH
PPWDOO  PPZLGHVFDWWHUHGRULQORRVH
JURXSV VRPHWLPHV JURZLQJ LQ JURXSV RI 
VSRURFDUSV +\SRWKDOOXV FRQVSLFXRXV ZKLWLVK WR
EHLJH FRPPRQ WR D JURXS RI DGMDFHQW VSRURFDUSV
EXWDJJUHJDWHGKDLUVRIORZHUOHDIVXUIDFHRIWKHKRVW
SODQWDSSHDUOLNHDODUJHUH[WHQGHGK\SRWKDOOXV6WDON
DEVHQW &ROXPHOOD LQFRQVSLFXRXV EXW PRVWO\
DSSHDULQJ DV D FOHDUO\ GLVWLQFW WKLQ FKDON\ EDVH
ZKLWHGLUW\ZKLWHWREHLJHVOLJKWO\VKLQ\VRPHWLPHV
ZLWK KXPSOLNH RXWJURZWKV RU VKRUW ULGJHOLNH
HOHYDWLRQV3HULGLXPVLPSOHPHPEUDQRXVXQGHUWKH



),*85(
Didymium tussilaginisD 6SRUDQJLXPEFG 6SRUHVVWHOODWHOLPHFU\VWDOVDQGFDSLOOLWLXP






E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
Hemitrichia aurea DEF 6SRUDQJLXPGHI 6SRUHVDQGFDSLOOLWLXP

PDJQLI\LQJ JODVV PRVWO\ ZLWK PHWDOOLF VRPHWLPHV
OLJKWEOXHLULGHVFHQWXQGHUWUDQVPLWWHGOLJKWDOPRVW
WUDQVOXFHQWYHU\SDOHEURZQRUSDOH\HOORZXVXDOO\
RQO\VSDUVHO\FRYHUHGZLWKFDOFDUHRXVVFDOHVWKHVH
ILQHFU\VWDOOLQHRUPRVWO\DPRUSKRXVZLWKLUUHJXODU
DQJXODU VKDSH    ȝP LQ VL]H &DSLOOLWLXP
ZKLWLVK XQGHU WKH OHQV DOPRVW FRORUOHVV LQ
WUDQVPLWWHGOLJKWRUSDOHEURZQUDUHO\GDUNHUEURZQ
LUUHJXODUO\ EUDQFKHG RU VRPHWLPHV UHWLFXODWH RIWHQ
ZLWK VPDOO LQFOXVLRQV RI FU\VWDOOLQH RU DPRUSKRXV
FDOFLXP    ȝP LQ GLDPHWHU VRPHZKDW
HODVWLF PRVWO\ VPRRWK VRPH WKUHDGV ZLWK GDUNHU
VZHOOLQJV 6SRUHV IUHH LQ PDVV GDUN EURZQ E\
WUDQVPLWWHG OLJKW SDOH EURZQ WR YLRODFHRXV EURZQ
ZLWKDZDOORIXQLIRUPWKLFNQHVVZLWKRXWREYLRXVO\
OLJKWHU JHUPLQDWLRQ SRUH GHQVHO\ DQG LUUHJXODU



VSLQXORVH RFFDVLRQDOO\ ZLWK  FRQVSLFXRXV JURXSV
RIVOLJKWO\GDUNHUVSLQHVVSRUHVVSKHULFDO 
 ȝPRUVOLJKWO\RYRLG  [  
ȝP3ODVPRGLXPGDUNOLODFWRJUH\ )LJXUH 

&RPPHQWV6SRUDQJLDVHVVLOHRQDEURDGEDVH
KHPLVSKHULFDO RU LUUHJXODU VSRURFDUSV RU
SODVPRGLRFDUSV ZLWK PLQXWH VFDWWHUHG FU\VWDOV RI
OLPH GHKLVFLQJ LUUHJXODUO\ 3HULGLXP WKLQ
PHPEUDQHRXVUDWKHUIUDJLOHK\DOLQHZLWKVFDWWHUHG
YHU\SDOHEURZQLVKDOPRVWFRORXUOHVVRQWKHRXWVLGH
ZLWK VFDWWHUHG DQJXODU OLPH FU\VWDOV &ROXPHOOD
QRQH &DSLOOLWLXP SDUDOOHO WKLQ WKUHDGV VSDUVHO\
EUDQFKHG GLFKRWRPRXVO\ VRPHWLPHV ZLWK
H[SDQVLRQV DSSDUHQWO\ FRQWDLQLQJ FU\VWDOOLQH RU
DPRUSKRXV JUDQXOHV UDGLDWLQJ IURP EDVH WR
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SHULGLXPK\DOLQHWRSDOHEURZQLVKZHOOGHYHORSHG
WKUHDGV 6SRUHV JORERVH WR VOLJKWO\ LUUHJXODUO\
VKDSHG GDUN EURZQ PHGLXP JUH\LVK EURZQ
RFFDVLRQDOO\VOLJKWO\SDOHURQRQHVLGHZLWKPHGLXP
GHQVH UHJXODUO\ GLVWULEXWHG VKRUW VSLQHV YHU\
PLQXWHO\YHUUXFXORVHRUTXLWHVPRRWKD. tussilaginis
LV FORVHO\ UHODWHG WR Didymium vernum .XKQW .
%DXPDQQ 1RZRWQ\0DFURVFRSLFDOO\WKH\GLIIHU
E\WKHJUH\VSRURFDUSVRIWKHIRUPHUYHUVXVEURZQ
VSRURFDUSV RI WKH ODWWHU 0LFURVFRSLFDOO\ D.
tussilaginisKDVFOHDUO\ODUJHUVSRUHVWKDQD. vernum
D. tussilaginisLVFKDUDFWHUL]HGE\JUH\IODWIUXLWLQJ
ERGLHVZLWKVFDWWHUHGOLPHFU\VWDOVRQWKHSHULGLXP
VXUIDFH VPDOO FDOFDUHRXV LQFOXVLRQV LQ WKH
FDSLOOLWLXP DQG ILQHO\ VSLQXORVH VSRUHV $W VRPH
ORFDWLRQV WKLV VSHFLHV FRXOG EH REVHUYHG LQ ODUJH
DPRXQWV D. vernum KDV YHU\ SURPLQHQW ODUJH
RUDQJHEURZQOLPHFU\VWDOVDWWKHSHULGLXPZKLFKLV
VRPHWLPHV ZHDNO\ PRWWOHG LQ WUDQVPLWWHG OLJKW D.
vernumLVOHVVFRPPRQWKDQD. tussilaginisDQGWKH
FROOHFWLRQV XVXDOO\ FRQWDLQ IHZHU VSRURFDUSV 7ZR
FROOHFWLRQVRIDQXQNQRZQVSHFLHVDUHSUHVHQWHGDV
Diacheopsis VS ERWK DUH FKDUDFWHUL]HG E\ D GDUN
UHGGLVKEURZQK\SRWKDOOXVDQGXQXVXDO\HOORZRLO
GURSOHWOLNH LQFOXVLRQV LQ WKH VSRUHV RI IUHVKO\
FROOHFWHGVSHFLPHQV,WLVDVVXPHGWKDWSODVPRGLXP
GHYHORSVLQWKHVRLODQGSDVVHVWRWKHIROGHGOHDYHV
EHIRUHLWVSURXWVRQWKHVRLOVXUIDFH>@

6SHFLPHQV H[DPLQHG +DWD\$QWDN\D%DWÕD
\D]  1 (  P 
RQIUXLWRI&DURE'R÷DQ

:RUOG GLVWULEXWLRQ $XVWULD 'HQPDUN
)UDQFH*HUPDQ\1HWKHUODQGV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

&RPPHQWVH. aureaVSRUDQJLXPLVURXQGDQG
RYDOVHVVLOHFOXVWHUHGVKLQLQJJROGHQ\HOORZ3HULG
LXPWKLQ&DSLOOLWLXPLQHODVWLFIRUPLQJDQLQWULFDWH
QHWZLWKVPDOOVRPHWLPHVWULDQJXODUPHVKHVDQGQX
PHURXV VKRUW VZROOHQ SRLQWHG IUHH HQGV 6SRUHV
JORERVH\HOORZEURNHQUHWLFXODWH7KHJHQXVHemitrichia LV FKDUDFWHUL]HG E\ KDYLQJ WXEXODU FDSLOOLWLDO
WKUHDGVZKLFKDUHHQWDQJOHGPRUHRUOHVVFRPSOHWHO\
LQWRDQHODVWLFQHWDQGDUHPDUNHGZLWKVSLQ\RU
VPRRWKVSLUDOEDQGV+HUHDVVRFLDWHGDUHLQWHUPHGL
DWHEHWZHHQArcyria DQG TrichiaUHVHPEOLQJWKHIRU
PHU LQ WKH FDSLOOLWLDO QHW DQG WKH ODWWHU LQ WKUHDG
VFXOSWXUH&RQVLVWLQJRIVSHFLHVLQ7XUNH\H. aureaVLPLODUWRUDUHVSHFLHVHemitrichia chrysospora
/LVWHU /LVWHUZKRVHVSRUHVDUHJURVVKDVDSHULRG
LFDOO\RZQHGQHWZRUNGUDZLQJZLWKQDUURZXQLQWHU
UXSWHG RQ UDQGHUQ WKH VFDOS LV WKLQQHU DQG IUHH RI
VSLQHV WKH SHULGLXP LV GHQVHO\ FRYHUHG ZLWK ZDUW
6FDOS DQG VSRUHV LQGLFDWH D FORVH UHODWLRQVKLS ZLWK
WKH JURXS DURXQG Trichia favoginea %DWVFK  3HUV.
FDSLOOLWLXP D PXFKEUDQFKHG QRQHODVWLF QHWZRUN
ZLWKVPDOOVRPHWLPHVWULDQJXODUPHVKDQJOHVSOHQW\
RIIUHHVKRUWSRLQWHGLQIURQWRIWKHWLSVRPHWLPHV
WKLFNHQHGZLWKWLJKWO\ZRXQGVSLUDODIIRUGZLWK
ILQH>@

6SHFLPHQH[DPLQHG+DWD\%HOHQ$WLNSODW
HDX  1 ( P 
RQ GHDG ZRRG RI Pinus brutia 7HQ. QDWXUDO %DED,
+DWD\ùHQEN  1 (
PRQGHDGZRRGRIP. brutia. QDWXUDO
(U, 

:RUOGGLVWULEXWLRQ*HUPDQ\


&21&/86,216

$V D UHVXOW RI WKLV VWXG\  QHZ P\[RP\FHWHV
UHFRUGFRQWULEXWHGWR7XUNLVKP\[RELRWD&XUUHQWO\
VSHFLHVLQ7XUNH\KDVEHHQLGHQWLILFDWHG:LWK
WKLVVWXG\LQFUHDVHGWRDidymium DQG Hemitrichia
$V D UHVXOW WKH QXPEHU RI P\[RP\FHW VSHFLHV LQ
7XUNH\ ZDV LQFUHDVHG WR  E\ WKLV VWXG\ 7KHVH
QHZUHFRUGVZDVD. decipiensD. orthonemataD.
tussilaginisDQGH. aurea


5()(5(1&(6

>@ 6WHSKHQVRQ6/6WHPSHQ+  Myxomycetes: $ +DQGERRN RI 6OLPH 0ROGV 7LPEHU
3UHVV3RUWODQG2UHJDQ86$
>@ /DGR&(OLDVVRQ8+  7D[RQRP\DQG
6\VWHPDWLFV &XUUHQW NQRZOHGJH DQG DS
SURDFKHVRQWKHWD[RQRPLFWUHDWPHQWRI0\[R
P\FHWHV 0\[RP\FHWHV %LRORJ\ 6\VWHPDWLFV
%LRJHRJUDSK\ DQG (FRORJ\ 5R\DO %RWDQLF
*DUGHQ &6,& 0DGULG

Hemitrichia aurea 1DQQ%UHPHN +1HX
EHUWLQ1HXEHUW 1DQQHQJD%UHPHNDPS=3LO]N
 $   
6\QHyporhamma aureum 1DQQ%UHPHN 
+1HXEHUW /DGR

'HVFULSWLRQ )UXLWLQJ ERGLHV VSRUDQJLXP
URXQGDQGRYDOVHVVLOHFOXVWHUHGJORERVHWRRYDWH
VKLQLQJJROGHQ\HOORZWR\HOORZEURZQPP
GLDP 6WDON DQG &ROXPHOOD DEVHQW 3HULGLXP WKLQ
WUDQVSDUHQWWKHXSSHUSDUWZULQNOHGDQGZLWKRXWGHF
RUDWLRQWKHORZHUSDUWLUUHJXODUO\YHUUXFRVH&DSLO
OLWLXPLQHODVWLFIRUPLQJDQLQWULFDWHQHWZLWKVPDOO
VRPHWLPHV WULDQJXODU PHVKHV DQG QXPHURXV VKRUW
VZROOHQSRLQWHGIUHHHQGVPORQJZLWK
 PRVWO\ VPRRWK VSLUDO EDQGV ZLWK RFFDVLRQDO
VSLQHVZLWK ORQJLWXGLQDO VWULDH WKHEDVDO WXEXOHV 
PGLDPZLGHUDERYH  PGLDP6SRUH
PDVVJROGHQ\HOORZ6SRUHVJORERVH\HOORZ
PEURNHQUHWLFXODWHPKLJK3ODVPRGLXPXQ
NQRZQ )LJXUH 
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>@ 5HGHxD6DQWRV-&9DQ7KDR'6FKQLWWOHU
0'DJDPDF1+$  7KHILUVWUHSRUWRI
FRPSRVLWLRQDQGRFFXUUHQFHRIP\[RP\FHWHDV
VHPEODJHVLQSURWHFWHGDQGXQSURWHFWHGSODQWD
WLRQIRUHVWVDFRPSDUDWLYHVWXG\LQ7KDL1JX
\HQ&LW\1RUWKHUQ9LHWQDP3ODQW(FRORJ\DQG
(YROXWLRQ  
>@ %DED+$UVODQd  Licea pescadorensis $ QHZ 0\[RP\FHWHV UHFRUG IRU 7XUNH\
,÷GÕU8QLY-,QVW6FL 7HFK
>@ /HRQW\HY '9 6FKQLWWOHU 0 6WHSKHQVRQ
6/1RYR]KLORY<.6KFKHSLQ21  
7RZDUGV D SK\ORJHQHWLF FODVVLILFDWLRQ RI WKH
0\[RP\FHWHV3K\WRWD[D  
>@ /DGR&  $QRQOLQHQRPHQFODWXUDOLQIRU
PDWLRQV\VWHPRI(XP\FHWR]RD5HDO-DUGtQ%R
WiQLFR&6,&0DGULG6SDLQ/DVWXSGDWHG-XQH
KWWSZZZQRPHQHXP\FHWR]RDFRP
>@ %DED + 6HYLQGLN 0   0\FHWR]RD RI
7XUNH\ &KHFNOLVW 0\FRSDWK  
>@ %DED+6HYLQGLN0'R÷DQ0$NJO+
 $QWLR[LGDQWDQWLPLFURELDODFWLYLWLHVDQG
KHDY\ PHWDO FRQWHQWV RI VRPH 0\[RP\FHWHV
)UHVHQ(QYLURQ%XOO  
>@ 0DUWLQ *: $OH[RSRXORV &-   7KH
0\[RP\FHWHV 8QLYHUVLW\ RI ,RZD SUHVV ,RZD
&LW\
>@)DUU0/  )ORUD1HRWURSLFD0\[RP\
FHWHV 0RQRJUDSK 1R 1< %RW *DUGHQ
1HZ<RUN
>@7KLQG.6  7KH0\[RP\FHWHVRI,QGLD
,&$51HZ'HOKL
>@)DUU 0/   7UXH 6OLPH 0ROGV :P &
%URZQ&RPS'XEXTXH,RZD
>@0DUWLQ *: $OH[RSRXORV &- )DUU 0/
  7KH *HQHUD RI 0\[RP\FHWHV 8QLY RI
,RZD3UHV,RZD&LW\
>@/DGR & 3DQGR )   )ORUD 0\FRORJLFD
,EHULFD9RO&6,&0DGULG
>@,QJ%  7KHSK\WRVRFLRORJ\RIP\[RP\
FHWHV1HZ3K\WRO±
>@,QJ%  7KH0\[RP\FHWHVRI%ULWDLQDQG
,UHODQG7KH5LFKPRQG3XEOLVKLQJ&R6ORXJK

>@1HXEHUW+1RZRWQ\:%DXPDQQ.  
7KH P\[RP\FHWHV RI *HUPDQ\ DQG WKH QHLJK
ERULQJDOSLQHUHJLRQZLWKVSHFLDOFRQVLGHUDWLRQ
RI$XVWULD%DQG&HUDWLRP\[DOHV(FKLQRVWH
OLDOHV/LFHDOHV7ULFKLDOHV.DUOKHLQ]%DXPDQQ
9HUODJ*RPDULQJHQ LQ*HUPDQ 
>@1HXEHUW+1RZRWQ\:%DXPDQQ.  
7KH P\[RP\FHWHV RI *HUPDQ\ DQG WKH QHLJK
ERULQJDOSLQHUHJLRQZLWKVSHFLDOFRQVLGHUDWLRQ
RI$XVWULD%DQG3K\VDUDOHV.DUOKHLQ]%DX
PDQQ9HUODJ*RPDULQJHQ LQ*HUPDQ 







)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

>@/DGR & (VWUDGD7RUUHV $ :ULJOH\ GH
%DVDQWD ' 6FKQLWWOHU 0 6WHSKHQVRQ 6/
 $UDSLGELRGLYHUVLW\DVVHVVPHQWRIP\[
RP\FHWHVIURPDSULPDU\WURSLFDOPRLVWIRUHVWRI
WKH$PD]RQEDVLQLQ(FXDGRU1RYD+HGZLJLD
  
>@$GO606LPSVRQ$*%)DUPHU0$$Q
GHUVHQ5$$QGHUVRQ25%DUWD-$%RZ
VHU 6 6 %UXJHUROOH * 5 $ )HQVRPH 6 
-DPHV7<.DUSRY6.XJUHQV3.UXJ-
/DQH&(/HZLV/$/RGJH-/\QQ'
+0DQQ'*0F&RXUW500HQGR]D/
0RHVWUXS20R]OH\6WDQGULGJH6(1HUDG
7$6KHDUHU&$6PLUQRY$96SLHJHO
) : 7D\ORU 0 ) - 5   7KH QHZ
KLJKHU OHYHO FODVVLILFDWLRQ RI HXNDU\RWHV ZLWK
HPSKDVLV RQ WKH WD[RQRP\ RI SURWLVWV 7KH
-RXUQDO RI (XNDU\RWLF 0LFURELRORJ\   
±5HWULHYHG)HEUXDU\
>@%DED+6HYLQGLN0  0\[RP\FHWHVRI
(úPLúHN 3ODWHDX .ÕUÕNKDQ+DWD\  .DKUDPDQ
PDUDú6WoøPDPhQLYHUVLWHVL7DUÕPYH'R÷D
'HUJLVL  
>@%DED+(U$6HYLQGLN0  0\[RP\
FHWHV'LYHUVLW\RI%HOHQ5HJLRQRI+DWD\3URY
LQFH 7XUNH\ .DVWDPRQXhQLYHUVLWHVL2UPDQ
)DNOWHVL'HUJLVL  
>@%DED + &HQQHW $ 6HYLQGLN 0   ,Q
YHVWLJDWLRQ RI 0\[RP\FHWHV 0\[RP\FRWD  LQ
.LULNKDQ +DWD\ 3URYLQFH  &RPPXQLFDWLRQV
)DFXOW\RI6FLHQFHV8QLYHUVLW\RI$QNDUD6HULHV
&%LRORJ\  
>@6HYLQGLN 0 %DED + %DO & &RODN 2)
$NJO+  $QWLR[LGDQW2[LGDQWDQG$Q
WLPLFURELDO &DSDFLWLHV RI 3K\VDUXP DOEXP
%XOO &KHYDOO-%DFWHULRO0\FRO2SHQ$F
FHVV  
>@6LQJHU+0RUHQR*,OODQD&  0RXQ
WDLQRXVDQGQLYLFRORXVP\[RP\FHWHVGHVFULEHG
E\ &KDUOHV 0H\ODQ $ 6(0VWXG\ gVWHUU =
3LO]N
>@(VWUDGD7RUUHV $ :ULJOH\ GH %DVDQWD '
&RQGH(/DGR&  0\[RP\FHWHVDVVR
FLDWHG ZLWK GU\ODQG HFRV\VWHPV RI WKH 7H
KXDFiQ&XLFDWOiQ 9DOOH\ %LRVSKHUH 5HVHUYH
0H[LFR)XQJDO'LYHUV
>@.HOOHU+:%URRNV 7(   &RUWLFRORXV
0\[RP\FHWHV , 7ZR 1HZ 6SHFLHV RI Didymium0\FRORJLD  
>@.XKQW$%DXPDQQ.1RZRWQ\:  
Didymium tussilaginis %HUN  %URRPH 
0DVVHHDidymium vernumVSHFQRYDQGDiacheopsis VSHF WKUHH KLWKHUWR RYHUORRNHG IR
OLLFRORXVP\[RP\FHWHVSHFLHVRQ&RPPRQ%XW
WHUEXU Petasites hybridus =HLWVFKULIWIU0\
NRORJLH  
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5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
+D\UL%DED
'HSDUWPHQWRI%LRORJ\
)DFXOW\RI6FLHQFHDQG$UW
+DWD\0XVWDID.HPDO8QLYHUVLW\
+DWD\±7XUNH\
HPDLO KD\ULEDEDB#KRWPDLOFRP



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ
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factor that is commonly marked by the intensity,
quality, and duration [1]. It is also one of the crucial
factors that affect concentration of chemical components in plants [2-5]. Since lighting systems can determine the costs and nutritional quality of plants in
a greenhouse [6], technological improvement may
increase its factory value [7]. Traditionally, incandescent, fluorescent, and high-pressure sodium
lamps of different spectral emissions have been used
as substitutes for sunlight [8]. However, these types
of artificial light have specific limitations, such as
high power consumption, heat emission, and short
lifetime [9]. As a solid-state light source, LED is durable with a narrow band [10, 11] that is suitable in
the lightings of growth chambers, greenhouses, plant
factory and research on the growth of plants in space
[12-16]. It can also be applied in dynamic lighting to
control development, production, responses of
growth, and physiology of plants [17, 18].
The importance of LED lights for the growth of
plants has been ascertained which includes the effect
of blue and red light on different developments in
plants [19]. Blue light suppresses hypocotyl elongation and induces biomass production, and red light
induces hypocotyl elongation and extension in leaf
area [20]. However, there has been evidence that
green light has an impact on growth regulation [21].
Furthermore, the green light has a strong impact on
physiological and morphological plant development,
including early stem elongation, stomatal conductance, and leaf growth [22, 23]. There have been
many different studies about the effect of LED light
on the cultivation of vegetable crops such as tomato (Solanum esculentum) [11, 22, 24-31], cucumber (Cucumis sativus) [27, 32-34], pepper (Capsicum
annuum) [35-40], spinach (Spinacia oleracea) [41],
Chinese cabbage (Brassica campestris L.) [42],
Broccoli (Brassica oleracea L.) [43], Radish
(Raphanus sativus) [44], Strawberries (Fragaria x
ananassa Duch.),[45, 46] and Lettuce (Lactuca sativa L.) [20, 27, 28, 47-52]. Since plants’ responses

ABSTRACT
Tomato is a globally strategic crop and consumers need it throughout the year. To have a healthy and
productive tomato plant, a high-quality seedling is a
necessity. Toward this end, the current research was
to improve a system for producing tomato seedlings
in plant factories using light-emitting diodes (LEDs).
The results indicated that tomato seedlings of both
cultivars under (Red 70% + Blue 30%) showed the
greatest plant height and the largest total leaf area.
The best treatment for the accumulation of soluble
protein and soluble sugar contents for Gangmu No.1
and Millennium cultivars were (Red 50%+Green
20%+ Blue 30%) and Red 100%, respectively. The
Non-Photochemical Quenching under (Red
50%+Green 20%+ Blue 30%) treatment was the
lowest for Gangmu No.1, while it was the lowest under white fluorescent light for Millennium. The electron transport rate under white fluorescent light treatment was the highest for Gangmu No.1, while it was
the highest under (Red 70% + Blue 30%) for Millennium. The results indicated that the mixture of red
and blue at (Red 70% + Blue 30%) was beneficial
for the growth of tomato seedlings for both cultivars,
which could be efficiently used in plant factories and
provide some data for different LED light ratios applicable in a closed system to demonstrate how to get
the best lighting conditions for tomato seedlings.
KEYWORDS:
LEDs light ratio, Non-Photochemical Quenching (NPQ),
Performing tomato seedlings, Photo-morphology, Photochemical Quenching (qP)

INTRODUCTION
Light is one of the most fundamental factors in
the process of photosynthesis and plant growth, a
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to LED light depend on plant varieties within each
species, more research is needed with this type of
light at different wavelengths to enhance the growth
and development of crops [53].
However, few studies are using those types of
lighting on different cultivars under the same species
of vegetables. Therefore, this research aimed to
stimulate the effects of LED light with different
wavelengths (red, blue, and green) on the physiological properties of two cultivars of tomatoes (Solanum
lycopersicum L. var. Gangmu No.1 and Solanum lycopersicum L. var. Millennium) seedlings grown for
various days.

EDTA” Shoura Co., Egypt.) two times per week
through irrigation.
Measurements and calculations.Growth and
biomass parameter measurements. Growth parameters were estimated 40 days after planting.
Measurement of plant height was taken from the
base of the rhizome to the top of the plant using a
ruler (cm). Stem diameter was measured using digital calipers (mm) and the fresh and dry mass was
weighed using an electronic balance (0.0001 g). The
total leaf area (cm2) (summation of leaf areas) was
estimated as described by Pandey and Singh [54].
Fresh shoots and roots were put in Petri dishes without cover and transferred to a drying oven at 75 Ԩ
for at least 48 h to obtain the dry weight. T/Rz ratio
(1) and yCompactness (2) was evaluated using the
following equations:
T/Rz ratio = SDW/RDW.
(1)
yCompactness= DW/PH.
(2)
Where (SDW) was the shoot dry weight, (RDW)
the root dry weight, (DW) the dry weight, (PH) the
plant height.

MATERIALS AND METHODS
Growth conditions and LEDs light.All experiments were conducted in LED light chambers at Fujian Agriculture and Forestry University, Fuzhou,
China, from 5th December 2018 to 15th January
2019. The experimental system included 7 chambers;
each had a dimension of 60 x 60 x 60 cm. The details
of growth conditions and LEDs light are shown in
Table 1 and Figure 1.

Chlorophyll content measurements:Chlorophyll contents were extracted from fresh leaves of
different plants in each treatment 40 days after transplanting. Fresh leaves tissue (0.2 g) were cut, ground
well then put in 5 ml 95% ethanol and filtered and
the volume was made up to 25 ml using 95% ethanol.
The absorbance of the extracted solution at 665 nm
(OD665), 649nm (OD649), and 470 nm (OD470)
were estimated using a UV-5100B spectrophotometer (Unico. Shanghai, China). The chlorophyll content was evaluated using the following equations[55]:
=
Chl
a
(mg.g-1)
(13.95ODíOD649)V/200 W.
(3)
=
Chl
b
(mg.g-1)
(24.96ODíOD663)V/200W.
(4)
(5)
Chl (a+b) (mg.g-1) =Chl a+Chl b.
=
(1000OD470íChl
C
(mg.g-1)
aí114.80Chl b) V/ (245×200 W).
(6)
Where (Chl a) was chlorophyll a, (Chl b) chlorophyll b, (C) carotenoid; (V) was volume (25 ml.)
and (W) the sample weight (g).

Plant materials.Two cultivars of tomato (Solanum lycopersicum L. var. Gangmu No.1(䫒ᵘ 1 ਧ)
and. Solanum lycopersicum L. var. Millennium (ॳ
)) were sown in 32-cell plug trays (W 28 cm × L
54 cm ×H 8cm, Luoxi Plastic Products Co., Shandong, China) that was filled with a commercial
growing substrate (N1:P1:K1 Organic matter
45% pH 5.5-6.5, Jiangping Enterprise Co., Fujian,
China). In total, 32 seeds were sown in each growth
box per cultivar. Irrigation was provided for the
seedlings daily or as required. One week after sowing, seedlings started to receive fertilization based on
water-soluble fertilizers (compound fertilizers "N20:
P20: K20+TE", Ruierkang Co., Russia, and Stimufol
Amino (compound fertilizers “N 25%, P 16%, K
12%, Amino acids 2%, Boron 0.044%, Fe 0.17%,
Molybdenum 0.001%, Zink 0.03%, Copper 0.085,
Cobalt 0.01%, Mg 0.02%, Manga 0.085% and

TABLE 1
Parameters of the LED light properties used in the study
Photon flux
Light spectral Peak wavelength
Duration Temperature (ºC)
density
Treatments
ratios
(hours)
Ȝp (nm)
ȝmol.m-2.s-1)
Day
Night
R
10
662
100 ±2
12
27 ± 2 23 ± 2
R7:B3
7:3
662
100 ±2
12
27 ± 2 23 ± 2
R5:G2:B3
5:2:3
662
100 ±2
12
27 ± 2 23 ± 2
R3:G2:B5
3:2:5
445
100 ±2
12
27 ± 2 23 ± 2
R3:B7
3:7
445
100 ±2
12
27 ± 2 23 ± 2
B
10
445
100 ±2
12
27 ± 2 23 ± 2
WFL
10
544
100 ±2
12
27 ± 2 23 ± 2
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Relative
humidity (%)
60 ± 10
60 ± 10
60 ± 10
60 ± 10
60 ± 10
60 ± 10
60 ± 10
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FIGURE 1
Spectrum distribution of the treatments light and control in the experiment.
Biochemical contents.Fresh leaves of tomato
were cut into small pieces and the fresh weight of the
samples (0.5g, 0.2g, and 0.5g) was taken to calculate
soluble nitrate content [56]. Soluble sugar content
was determined using an anthrone colorimetric
method [57] while soluble protein content was determined using coomassie brilliant blue G250 method
[58]. The absorbance of the extraction solution at
410nm (OD410), 630nm (OD630), and 595 nm
(OD595) was estimated using a UV-5100B spectrophotometer (Unico, Shanghai, China) respectively.
The biochemical contents were evaluated using the
following equations:
Soluble nitrate content (mg.kgí1 FW)
=(C×VT)/ (W×VS).
(7)
Soluble sugar content (%) =(C/VS×VT)/
(W×106) ×100.
(8)
Soluble protein content (mg.g-1) =(C×VT)/
(VS×W×1000).
(9)
Where C was nitrite (mg.kgí1)/ sugar (%)/ protein (mg.g-1) value from the standard curve, VT total
volume of samples extracted (ml), VS took sample
solution (ml), and W fresh leaf weight (g.).

transport rate reflecting the efficiency of light energy
utilization of PSII rETRmax and the semi-saturated
light intensity, reflecting the sample's ability to withstand the glare of PSII Ik [28, 59, 60].
Statistical analysis.A completely randomized
design was used with three replicates for all seven
treatments. Data collected were subjected to oneway analysis of variance (ANOVA) using SPSS statistical software package version 16.0 (SPSS Inc.,
Chicago, IL, USA). Significant differences between
means were shown using Duncan’s multiple range
test (DMRT) at P level.
RESULTS
Growth parameters. Tables 2 and 3, Figure 2
showed the effect of LED light ratios on plant morphology and growth characteristics of tomato seedlings. We can see from these Tables that light ratios
with LEDs had significant effects on morphological
appearances of tomato seedlings “Gangmu No.1”
(Table 2). The plant height and total leaf area were
significantly highest under R7:B3 treatments, while
stem diameter of plants irradiated with R3:B7 (3.26
mm) was significantly larger than those under the
other LEDs which were statistically similar. Hypocotyl length of the plants with R (8.90 mm) was significantly higher than other irradiations with R3:B7
having the least value. Fresh shoot weight under
R3:B7 (5.16 g) had the highest value while
R3:G2:B5 (0.67 g) gave the highest value for dry
shoot weight. The highest fresh and dry root weights
were observed under WFL (0.41 g and 44.40 mg respectively). Dry weight content % in plants under
R5:G2:B3 (13.58 %) and R3:G2:B5 (13.00 %) treatments were greater and statistically similar compared to other irradiations. T/Rz ratio under B was

Measurement of photosynthetic activity.Chlorophyll fluorescence was estimated by using
a PAM 2500 chlorophyll fluorescence meter (Heinz
Walz GmbH, Effeltrich, Germany). The leaves were
acclimatized to dark conditions by attaching clips for
30 min before measurement. The leaves were selected randomly for the measurements of maximum
photochemical efficiency of PSII (Fv/Fm), quantum
efficiency of PSII ĭPSII), non-photochemical
quenching (NPQ), photochemical quenching (qP)
and the electron transport rate (ETR). Measurements
were conducted on 4 replicates per treatment.
Using the PAM 2500 exponential model meant
to fit the light curve of ETR (II) rapidly. Some parameters were subsequently included: the initial
slope of RLC of ETR(II) Įthe maximum electron
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highest (28.31) while y Compactness of plants under
R3:G2:B5 treatment was highest (36.35 mg.cmí1)
and that of R and B treatments gave the lowest values.
For the “Millennium” seedlings (Table 3), the
results showed that the plant height under R7:B3
treatment (26.67 cm) was highest among other irradiations of LEDs. There was no significant difference in stem diameter of plants under R3:B7, R7:B3,
R3:G2:B5 and B but they were higher than those under the other LEDs. Total Leaf area of plants irradiated with R7:B3 was highest (231.71 cm2) though
with statistical similarity with R3:B7 and B. Hypocotyl length of the plants with R was highest (8.67
cm) among those under the other LEDs. Fresh shoot
and root weight, as well as shoot and root dry
weights of plants under R7:B3 had the highest values.
Dry weight content % in plants under WFL treatment
was greater than that under the other LEDs, while
T/Rz ratio under R3:G2:B5 treatment was highest. y
Compactness of plants under R7:B3 (32.35 mg.cmí1)
and R3:B7 (31.38 mg.cmí1) treatments were greater
than those under the other respective irradiations of
LEDs, and were statistically similar

The content carotenoid in the leaves of R3:G2:B5
showed higher than those with the other irradiations
of LEDs.
The content of Chl.a in leaves of tomato seedlings “Millennium” (Table 5) with R3:B7 was higher
than those with the other irradiations of LEDs. The
contents Chl.b in the leaves of B showed higher than
those with the other irradiations of LEDs. Chla/b
contents were statistically similar under all treatments except in B where it was lower. The content
carotenoid in the leaves of R3:B7 was highest compared to other irradiations of LEDs, while that of
R5:G2:B3 and R treatment had the lowest carotenoid
content.
Biochemical contents. Nitrate, soluble protein,
and soluble sugar contents under different light ratios
in tomato seedlings of Gangmu No.1 and Millennium cultivars are summarized in Tables 6 and 7. The
highest nitrate content in Gangmu No.1 cultivar was
obtained under R3:B7 and R5:G2:B3, (Table 6) indicating the importance of blue light in improving nitrate content. However, the highest nitrate content in
Millennium cultivar was obtained under R7:B3 (Table 7). The accumulation of soluble protein content
in the tomato seedlings of both varieties was highest
under R5:G2:B3 (14.54 mg.gí1 FW in Gangmu No.1
and 9.95 mg.gí1 FW in Millennium cultivar). The R
in Millennium was also statistically similar R7:B3
with respect to soluble protein. Furthermore, the
concentration of soluble sugar in plants grown under
R5:G2:B3 in Gangmu No.1 cultivar and R in Millennium cultivar were the highest among ratios LED
light treatments.

Chlorophyll and carotenoid contents. The
contents of chlorophyll and carotenoid in leaves of
tomato seedlings under different ratios of LEDs were
shown on Tables 4 and 5 and they appeared to have
no significant differences. Compared with WFL
treatment, the content of Chl.a in leaves of tomato
seedlings “Gangmu No.1” (Table 4) with R3:G2:B5
was higher than those with the other irradiations of
LEDs. The contents Chl.b in the leaves of R3:B7 was
higher than those with the other irradiations of LEDs.
Chla/b was statistically similar under all the treatments, except under R3:B7 which had a lower value.

FIGURE 2
ơerent LED lighting 40 days
Tomato seedlings growth under diơ
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TABLE 2
Effect of LED light ratios on plant morphology and growth characteristics of tomato seedlings
(Gangmu No.1)
Dry
y
Stem Total leaf Hypocot
Plant
Fresh weight
Dry weight
weight
Compactne
z
yl length
Treatmen height diameter area
content T/R
ss
ratio
ts
Shoot Root Shoot Root
(cm)
(mm)
(cm2)
(cm)
%
(mg cm-1)
(g.)
(g.)
(g.)
(mg.)
21.07±0.96
b
24.33±0.33
R7:B3
a
17.67±0.72
R5:G2:B3
c
19.50±0.76
R3:G2:B5
bc
21.00±0.58
R3:B7
b
20.50±0.76
B
b
18.00±0.58
WFL
c
R

4.24±2.85±0.05
123.67±7.17d 8.90±0.73a
0.01d
ab
3.05±0.19
5.00±0.28b 4.79±0.0
194.75±9.59a
ab
c
1c
2.96±0.23 117.33±14.11 4.37±0.29b 3.12±0.0
ab
d
c
1g
5.10±0.0
3.10±0.11 184.45±18.42
4.00±0.11c
1b
ab
ab
5.16±0.0
3.26±0.19 176.27±16.28
2.87±0.17d
1a
a
a-c
2.95±0.07 143.27±15.98
3.91±0.0
5.37±0.40b
ab
b-d
1e
3.41±0.0
2.63±0.18 134.87±7.96c
4.50±0.1bc
1f
b
d

0.24±0.0
1e
0.29±0.0
1d
0.37±0.0
1b
0.33±0.0
1c
0.31±0.0
1d
0.13±0.0
1f
0.41±0.0
1a

0.36±0.0
1e
0.58±0.0
1c
0.43±0.0
1d
0.67±0.0
1a
0.64±0.0
1b
0.41±0.0
1d
0.44±0.0
1d

15.40±0.5
7d
23.70±1.1
5c
43.00±1.7
3a
31.70±0.9
8b
31.70±0.5
7b
14.70±1.1
5d
44.40±1.1
5a

8.42±0.1e

23.54±0.51
17.96±0.55d
bc

11.81±0.24
24.37±0.7b
c
13.58±0.17 10.04±0.27
a
e
13.00±0.20 21.30±0.29
ab
cd
12.36±0.07 20.33±0.18
bc
d
10.56±0.09 28.31±1.77
d
a
12.68±0.37
9.91±0.08e
b

24.67±0.82c
26.88±0.93c
36.35±1.68a
32.24±0.76b
20.29±0.96d
27.03±1.73c

Values are means of three replicates. Different letters in the same column indicate significant differences according to Duncan’s
multiple range test at P 

indicating that the accumulation of nitrate has a negative effect on the soluble sugar/protein contents in
the tomato seedlings. However, there was a strong
positive correlation with high significance between
soluble sugar and soluble protein (Figures 5E and F)
in both cultivars, suggesting that an increase of soluble sugar might be attributed to soluble protein accumulation and vice versa.

Correlations among the biochemical contents.Figures 3-5 gives the correlations among the
biochemical contents. We can see from these Figures
that under different ratios of LED light, nitrate content had a negative correlation with soluble protein
content (Figures 3A and B) in both varieties. A similar trend was observed between nitrate and soluble
sugar contents in both varieties (Figures 4C and D),

TABLE 3
Effect of LED light ratios on plant morphology and growth characteristics of tomato seedlings
(Millennium)
Dry
y
Stem Total leaf Hypocot
Plant
Fresh weight
Dry weight
weight T/Rz ratio Compactne
area
yl length
height diameter
content
ss
Shoot
Root
Shoot
Root
(cm)
(mm)
(cm2)
(cm)
%
(mg cm-1)
(g.)
(g.)
(g.)
(mg.)
22.00±0.29 2.66±0.05
2.02±0.01 0.24±0.01 0.24±0.0112.40±1.15 10.93±0.19 19.20±1.34
71.33±10.74d 8.67±0.73a
b
b
g
d
e
e
d
b
6.28±0.01 0.55±0.01 0.79±0.0161.40±4.15 12.47±0.14 12.88±0.05
26.67±1.96
231.71±18.31
3.57±0.09a
5.00±0.29b
R7:B3
a
a
a
a
b
cd
a
a
R5:G2:B 17.00±0.29 2.70±0.10 85.13±17.81c 3.87±0.33b 2.20±0.01 0.23±0.01 0.29±0.0117.70±1.45 12.49±0.40 16.21±0.41
3
d
b
d
c
f
d
d
d
b
bc
R3:G2:B 19.00±0.58
141.96±8.89b 3.37±0.19c 4.47±0.01 0.17±0.01 0.54±0.0112.70±1.17 12.00±0.09 43.53±3.55
3.58±0.33a
5
cd
c
d
d
e
c
e
bc
a
5.63±0.01 0.33±0.01 0.67±0.0152.00±3.15 12.07±0.17 12.84±0.06
203.81±9.27a
23.00±0.76
2.67±0.18d
3.75±0.36a
R3:B7
b
c
b
b
b
cd
b
b
23.17±0.60 3.24±0.16a 191.92±39.94 3.97±0.37b 4.90±0.01 0.17±0.01 0.55±0.0129.40±1.6511.40±0.08c 18.69±0.54
B
b
b
ab
c
c
e
c
c
d
b
4.10±0.21b 4.30±0.01 0.40±0.01 0.57±0.0154.00±2.15 13.34±0.22 10.59±0.01
21.67±0.93 2.69±0.12
159.41±9.06b
WFL
c
e
b
c
b
a
d
bc
b
R

11.24±0.17d
32.35±2.71a
17.90±1.05c
29.41±1.26ab
31.38±1.54a
24.99±0.91b
28.95±0.70ab

Values are means of three replicates. Different letters in the same column indicate significant differences according to Duncan’s
multiple range test at P 
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TABLE 4
Effect of LED light ratios on chlorophyll a, chlorophyll b and carotenoid content in tomato seedlings
(Gangmu No.1)
Chlorophyll a
Chlorophyll b Chlorophyll a+b Chlorophyll a/b
Carotenoid
Treatment
(mg·g-1)
(mg·g-1)
(mg·g-1)
(mg·g-1)
(mg·g-1)
R
1.03±0.08c
0.23±0.02c
1.26±0.09 c
4.53±0.12a
0.21±0.02c
R7:B3
1.72±0.17ab
0.45±0.02abc
2.17±0.15abc
3.81±0.19a
0.27±0.01bc
R5:G2:B3
1.48±0.01abc
0.39±0.01bc
1.87± 0.02abc
3.84±0.16a
0.28 ±0.02bc
R3:G2:B5
2.08±0.17a
0.58±0.02ab
2.66±0.18 a
3.94±0.10a
0.41±0.06a
R3:B7
1.72±0.01ab
0.70±0.07a
2.41±0.07ab
2.49±0.09b
0.23±0.01c
B
1.2±0.07bc
0.28±0.01c
1.57±0.08bc
4.55±0.12a
0.26±0.01bc
WFL
1.56±0.15abc
0.37±0.03bc
1.93±0.17abc
4.26±0.10a
0.34± 0.05ab
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 

TABLE 5
Effect of LED light ratios on chlorophyll a, chlorophyll b and carotenoid content in tomato seedlings
(Millennium)
Chlorophyll a
Chlorophyll b Chlorophyll a+b Chlorophyll a/b
Carotenoid
Treatment
-1
-1
-1
-1
(mg·g )
(mg·g )
(mg·g )
(mg·g )
(mg·g-1)
R
0.86± 0.03c
0.32±0.01b
1.19±0.11c
3.09±0.09ab
0.15±0.02c
R7:B3
1.25± 0.02b
0.28±0.02b
1.54±0.14bc
4.46±0.12a
0.25±0.03abc
R5:G2:B3
1.20±0.01bc
0.32 ±0.01b
1.52±0.14bc
3.78±0.17a
0.15±0.01c
R3:G2:B5
1.36±0.04b
0.34±0.03b
1.69±0.17 b
4.04±0.19a
0.29 ±0.02ab
R3:B7
1.79±0.02a
0.39 ±0.01b
2.18 ±0.03a
4.61 ±0.11a
0.34 ±0.001a
B
1.16±0.01bc
0.64±0.02a
1.79 ±0.14b
1.94±0.07b
0.18 ±0.01bc
WFL
1.45±0.02ab
0.37±0.01b
1.82±0.03ab
4.01 ±0.13a
0.28±0.01ab
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 

TABLE 6
Effect of LED light ratios on biochemical contents in tomato seedlings (Gangmu No.1)
Nitrate content
Soluble protein content
Soluble Sugar content
Treatment
í1
í1
(mg.kg FW)
(mg.g FW)
(%FW)
R
1.276± 0.01 c
8.97±0.28 b
0.77± 0.01 c
R7:B3
1.560± 0.02 b
8.80±0.22b c
0.70± 0.05 c
R5:G2:B3
0.803± 0.01 f
14.54±1.20 a
1.72± 0.16 a
R3:G2:B5
1.730± 0.01 a
7.07±0.17 cd
0.60± 0.05 c
R3:B7
1.747± 0.01 a
5.98± 0.08 d
0.39± 0.03 c
B
1.066± 0.02 d
9.89±0.13 b
0.81± 0.02 c
WFL
0.961± 0.01 e
9.91±0.16 b
1.14 ± 0.01 b
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 

TABLE 7
Effect of LED light ratios on biochemical contents in tomato seedlings (Millennium)
Nitrate content
Soluble protein content
Soluble Sugar content
Treatment
í1
í1
(mg.kg FW)
(mg.g FW)
(%FW)
R
0.221± 0.01 f
10.02±0.5 a
0.79±0.04 a
R7:B3
2.395± 0.01 a
5.15±0.1 d
0.51±0.02 c
R5:G2:B3
0.300± 0.01e
9.95±0.13 a
0.75±0.01 ab
R3:G2:B5
1.355± 0.02 d
8.30±0.2 ab
0.73±0.03 ab
R3:B7
1.981± 0.03 b
6.45±0.15 cd
0.54±0.03 c
B
1.557± 0.02 c
7.97±0.19 bc
0.66±0.03 b
WFL
1.377±0.02 d
8.14±0.14 bc
0.71±0.04 ab
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 
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TABLE 8
Effects of LED light ratios on chlorophyll fluorescence of tomato cultivar (Gangmu No.1)
Maximum photo- Quantum effi- Non-photochemiPhotochemical
Electron
chemical effi- ciency of PSII cal quenching
quenching
Treatment
transport
ciency of PSII
ĭPSII)
(NPQ)
rate(ETR)/%
-2 -1
(Fv/Fm)
(mol·m ·s )
ȝmol·mol-1)
(qP)
R
0.69± 0.08b
0.30 ± 0.03a
0.28 ± 0.02c
0.50 ± 0.02a
12.50 ± 0.64 c
R7:B3
0.79 ± 0.01a
0.43 ± 0.01a
0.59 ± 0.10ab
0.71 ± 0.01a 18.23 ± 0.58ab
R5:G2:B3
0.80 ± 0.01a
0.44 ± 0.02a
0.28 ± 0.04c
0.65 ± 0.01a 18.57 ± 0.59ab
R3:G2:B5
0.81 ± 0.01a
0.41 ± 0.01a
0.53 ± 0.01abc
0.64 ± 0.01a
17.10 ± 0.57 b
R3:B7
0.78 ± 0.01ab
0.27 ± 0.02a
0.77 ± 0.21a
0.47 ± 0.01a
11.47 ± 0.60 c
B
0.81 ± 0.01a
0.43 ± 0.03a
0.58 ± 0.01abc
0.66 ± 0.04a 18.23 ± 0.59ab
WFL
0.79 ± 0.01a
0.46 ± 0.01a
0.35 ± 0.04bc
0.67 ± 0.02a
19.27 ± 0.62 a
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 

TABLE 9
Effects of LED light ratios on chlorophyll fluorescence of tomato cultivar (Millennium)
Maximum photo- Quantum effi- Non-photochemiPhotochemical
Electron
chemical effi- ciency of PSII cal quenching
quenching
Treatment
transport
(NPQ)
ĭPSII)
ciency of PSII
rate(ETR)/%
(Fv/Fm)
(mol·m-2·s-1)
ȝmol·mol-1)
(qP)
R
0.70 ± 0.05b
0.30 ± 0.05bc 0.45 ± 0.08abc
0.53 ± 0.03bcd 12.47 ± 0.61c
R7:B3
0.80 ± 0.01a
0.47 ± 0.02 a
0.49 ± 0.04bc
0.72 ± 0.02a
19.83 ± 0.59a
R5:G2:B3
0.79 ±0.01a
0.40 ± 0.01ab
0.37 ± 0.08cd
0.60 ± 0.01abc 16.87 ± 0.67b
R3:G2:B5
0.75 ±0.02ab
0.23 ± 0.01c
0.69 ± 0.01a
0.44 ± 0.01d
9.80 ± 0.92d
R3:B7
0.77 ± 0.01a
0.32 ± 0.05bc 0.54 ± 0.09abc
0.52 ± 0.07cd 13.40 ± 0.80c
B
0.79 ± 0.01 a
0.41 ± 0.04ab
0.65 ± 0.07ab
0.66 ± 0.06ab 17.07 ± 0.58b
WFL
0.79 ±0.01a
0.35 ± 0.01b
0.29 ± 0.02d
0.50 ± 0.01cd 14.53 ± 0.65c
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 

FIGURE 3
The relationship between nitrate content (mg.kgí1FW) and soluble protein content (mg.gí1FW) under different ratios LED light in Gangmu No.1 (A) and Millennium (B) cultivars
Chlorophyll fluorescence characteristics. Tables 8 and 9 showed the effects of LED light ratios
on chlorophyll fluorescence for both cultivars. As
shown in Table 8, the tomato seedlings of Gangmu
No.1 showed little significant difference among
some treatments with respect to Fv/Fm with the R
treatment having the statistically lower value compared to other treatments. The ĭPSII of the seedlings
showed no significant difference among all light

treatments. Seedlings treated with R3:B7 had the
highest NPQ (0.77 ȝmol.mol-1) and there were no
significant differences with respect to qP among all
treatments. The ETR of the seedlings was highest under WFL (19.27 %).
Results presented in Table 9 demonstrated that
the seedlings of Millennium showed little significant
difference among some treatments with respect to
Fv/Fm with the lower values obtained in R treatment.

3581

© by PSP

Volume 30– No. 04/2021 pages 3575-3588

Fresenius Environmental Bulletin

FIGURE 4
The relationship between nitrate content (mg.kgí1FW) and soluble sugar content (%FW) under different
ratios LED light in Gangmu No.1 (C) and Millennium (D) cultivars

FIGURE 5
The relationship between soluble sugar (%FW) and soluble protein content (mg.gí1FW) under different ratios LED light in Gangmu No.1 (E) and Millennium (F) cultivars
TABLE 10
Effects of LED light ratios on rapid light curve (RLC) parameters of ETR(II) in tomato seedlings
(Gangmu No.1 and Millennium)
Gangmu No.1
Millennium
Į
rETRmax
Ik
Į
rETRmax
Ik
Treatment
ȝmol
ȝmol
ȝmol.eí1mí2
ȝmol.eí1mí2
í1
í1
photons.mí2
eí1photoní1
í1
í2 í1 e photon
photons.m s
s
sí1
sí1
R
0.04± 0.01c
5.45± 0.12d 140.25± 5.77c 0.08 ± 0.01a 0.73 ± 0.08d 21.95 ± 1.13f
R7:B3
0.15± 0.02a 19.43± 1.73ab 179.67± 11.55b 0.11 ± 0.06a 13.23 ± 1.86b 149.1± 5.25c
R5:G2:B3
0.16± 0.02a 22.73± 1.58a 152.35±12.90bc 0.09 ± 0.01a 13.10 ± 1.21b 208.48± 4.90b
R3:G2:B5 0.12± 0.01ab 20.53± 1.15ab 257.75± 9.81a 0.09 ± 0.02a 17.53 ± 1.46a 251.5± 6.64a
R3:B7
0.14± 0.01a
11.30± 0.75c 157.80± 4.50bc 0.10 ± 0.01a 11.93 ± 1.11b 133.23± 1.86d
B
0.08± 0.01bc 12.58± 0.91c 242.73± 6.93a 0.11 ± 0.01a 7.80 ± 1.04c 77.40 ± 4.27e
WFL
0.15± 0.01a 17.13± 1.23b 178± 10.39b 0.11± 0.02a 15.60± 1.61ab 120.76± 6.21d
Values are means of four replicates ± SE. Different letters in the same column indicate significant differences according to
Duncan’s multiple range test at P 

the highest under R7:B3 (0.72 and 19.83 % respectively).
Table 10 shows the effects of LED light ratios
on rapid light curve (RLC) parameters of ETR (II) in
tomato seedlings. The initial slope of RLC of ETR Į

For ĭPSII, R7:B3 showed the highest value
(0.47 mol.m-2.s-1) while seedlings treated under
R3:G2:B5 had the highest NPQ (0.69 ȝmol.mol-1)
and that of WFL treatment showed the lowest (0.29
ȝmol.mol-1). The qP and ETR of the seedlings were

3582

© by PSP

Volume 30– No. 04/2021 pages 3575-3588

Fresenius Environmental Bulletin

the maximum electron transport rate of PSII
rETRmax, and the semi-saturated light intensity of
PSII Ik of tomato leaves in Gangmu No.1showed
that the highest Įwas under R5:G2:B3, while in Millennium the highest value was observed under B
light. However, rETRmax in Gangmu No.1 was the
highest under R5:G2:B3, while in Millennium, under R3:G2:B5. The semi-saturated light intensity of
PSII Ik showed significant differences among all
treatments, with the highest value observed under
R3:G2:B5 for both cultivars (Gangmu No.1 and Millennium).

production [68, 69]. In addition, the chlorophyll content is affected by light quality. Several studies have
shown the beneficial effect of blue light spectrum
[31, 65, 70, 71]. As observed in our study, for
Gangmu No.1 cultivar, a mixture of red, green and
blue LED light R3:G2:B5 was favorable for chlorophyll a and carotenoid but R3:B7 was the best for
chlorophyll b (Table 4). While for Millennium cultivar, treatment R3:B7 was favorable for chlorophyll
a and carotenoid but B was the best for chlorophyll
b (Table 5). Similar results obtained by Yang, Xu [31]
for tomato seedlings and for pepper seedlings [37,
67], which showed that chlorophyll a, b and carotenoid were higher under a mixture of red and blue
LED light than red or blue alone.

DISCUSSION

Effect of ratios LED light on biochemical
contents. Our study demonstrated the importance of
red light in biochemical accumulation in both varieties. R5:G2:B3 was beneficial for Gangmu No.1 and
R for Millennium in increasing soluble sugar and
soluble protein levels. Similarly, Bian, Cheng [3]
showed that soluble sugar levels and soluble proteins
were higher in lettuce under continuing red, green,
and blue (4:1:1) LED light than under other types of
the LED light. However, Xiaoying, Shirong [22]
showed that soluble sugar levels were higher in tomato seedlings under blue LED light than under
other types of LED light, and further Cui, Ma [72]
showed that soluble sugar levels were higher in pepper, cucumber and tomato seedlings under red LED
and (red+blue) LED light. These results indicated
that soluble sugars and proteins respond to the light
quality in vegetable crops, and also vary among species and cultivars. In the present study, it was observed that under intensity (100±2 ȝmol.mí2.sí1) and
photoperiod (12 h), a mixture of R3:B7 LED light or
R3:G2:B5 for Gangmu No.1 and R7:B3 for Millennium was more effective in increasing nitrate concentrations than a mixture of red and blue LED light.
These results were supported by the study of Bian,
Cheng [3] which showed a mixture of red and blue
LED light was more effective in increasing nitrate
concentrations in hydroponically grown lettuce.
In this study, there were negative correlations
between nitrate content and soluble protein/soluble
sugar which suggested that the significant decrease
in nitrate content might partly be attributed to the invariable carbon skeleton supplementation from photosynthesis process in tomato plants. This opinion
was confirmed by the report of Bian, Cheng [3].

Plants must be able to grow under constantly
changing light environments throughout their life
span. Not all light wavelengths are beneficial for
plant development and growth. Plants are well
known to perceive the subtle changes of light quality
by photoreceptors. These photoreceptors can induce
signal transduction systems by different ways to
change the morphology of plants [21, 61-63]. There
has been well authenticated for the photosynthetic
active radiation (PAR, 400–700 nm) to have a direct
impact on the process of photosynthesis of plants.
Red light (610–700 nm) and blue (425–490 nm) are
the best light spectrum for the process of photosynthesis of plants, while the green light absorbed
(520–610 nm) is relatively low [45, 64]. Recently,
there has been a developing bank of knowledge focused on the influence of LED lights on plant photosynthesis and morphogenesis. Researchers have
found that red and blue light can maximize crop production if the light intensity and quality are precisely
controlled [52, 65-67].
Growth parameters.The process photosynthesis in leaves of plants requires the interception of
light. The light inside the leaf is influenced by the
wavelength, the intensity and angle of the incident
light [66] as well as the total leaves area. Gangmu
No.1 and Millennium cultivars reacted strongly to
R7:B3 not only in terms of total leaf area but also
plant height as shown in (Table 2, 3). Similar results
obtained by Yang, He [37] showed a mixture of red
and blue LED light was favorable for total leaves
area and plant height. Gangmu No.1 and Millennium
cultivars reacted strongly under R3:B7 for stem diameter. This result was supported by Yang, He [37]
and Naznin, Lefsrud [67] in pepper seedlings and in
tomato seedlings [31] which showed that a mixture
of red and blue LED light was more effective for
stem diameter.

Effect of LED light ratios on photosynthesis.There was a positive correlation between the best
growth of seedlings and photosynthesis parameters.
The values of maximum photochemical efficiency of
PSII (Fv/Fm) (less than 0.83) are normally associated with the damage or long-term down-regulation
of PSII in response to stress [73, 74], which suggested the tomato seedlings under all treatments did

Effect of ratios LED light on chlorophyll
contents.Chlorophyll contents directly influenced
the photosynthetic potential as well as the primary
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not grow and develop properly. The best treatment
for Gangmu No.1 was the mixture of red, green, and
blue light R3:G2:B5 or B light alone as shown in Table 8 while that for Millennium was the mixture of
red and blue light R7:B3 as shown in Table 9. The
importance of mixture between red and blue light for
the adaptation of pepper seedlings to relatively low
light intensity and short photoperiod has been confirmed by Yang, He [37]. Moreover, comparison of
the variations between seedlings under red or blue
light alone or mixture of red and blue light was obvious in tomato seedlings [31], in Cordyline australis (monocot), Ficus benjamina (dicot, evergreen
leaves), and Sinningia speciosa (dicot, deciduous
leaves) seedlings [65].
Due to high photosynthetic values, the plant
height and total leaf area of seedlings increased significantly under R7:B3 light treatment. The mixture
R and B light were more important for the efficient
function of ĭPSII, qP and ETR compared with R or
B light alone. These results were also supported in
the reports of [31, 37, 65]. Moreover, the seedlings
treated with R7:B3 had lower values of NPQ than
with R3:B7. Therefore, tomato seedlings of Millennium treated with R7:B3 had better photosynthetic
efficiency. R7:B3 might allow for more efficient
photosynthesis and healthier photosynthetic apparatus under low light intensity, which was supported
by Zheng and Van Labeke [65] in monocot
(Cordyline australis) seedlings. The difference in red
and blue ratios in LED light might be an approach to
improving tomato seedlings' growth and development. A good light recipe for tomato seedlings
growth was the mixture of R and B light at 1:1 under
ȝmol.m-2.s-1 PPFD with a 14h/10h photoperiod
in 24 hours [31] and for pepper seedlings growth the
mixture of R and B light at 1:1 under 58±1 ȝmol.m2 -1
.s PPFD with a 3.5 h/2.5 h photoperiod each 6
hours [37].
Therefore, instead of increasing biomass, RB
treatments having a high proportion R light (R7:B3)
or a mixture of red, green, and blue light could improve tomato seedlings' internal development in the
environment with the light intensity of 100±2
ȝmol.m-2.s-1. A suitable proportion of B light might
be able to balance the requirements of morphological
growth and biomass accumulation for some appropriate light intensity.

and carotenoid contents in both cultivars were the
highest under a relatively higher blue light ratio. Accumulation of biochemicals varied between the cultivars as they were higher under the red light ratio in
Gangmu No.1 and higher under blue light ratio in
Millennium cultivar. Also, there was a variation in
light requirements within individual cultivar with respect to chlorophyll fluorescence. The blue light or a
mixture with a high proportion of red light or a mixture with red and green light was most required for
Fv/Fm, ĭPSII, and NPQ in both cultivars of tomato.
But NPQ would require higher blue light. For
Gangmu No.1, Į and rETRmax were higher under
higher red light ratio while Ik favored higher blue
light ratio. For Millennium cultivar, rETRmax and Ik
were the highest under higher blue light while Įfavored WFL. The variations among these characteristics suggested the linking morphological, biochemical, and physiological characteristics are insufficient
to understand the effect of optical spectra on plant
growth, so it is necessary to conduct molecular analysis and link them with morphological, biochemical
and physiological characteristics to know mechanisms of the effect of LED light on plant growth.
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'XH WR REVHUYHG 3RO\SKHQROV 33  LQKLELWLRQ
IRU3ULVWLQDP\FLQSURGXFLQJPLFURRUJDQLVPStreptomyces pristinaespiralis $Q RSWLPL]DWLRQ SUHWUHDW
PHQW IRU GDWH V\UXS '6  GHWR[LILFDWLRQ EHIRUH LWV
XVHDVDIHUPHQWDWLRQPHGLDE\PHDQVRIDGVRUSWLYH
UHPRYDO RI 33 E\ DFWLYDWHG FKDUFRDO $&&  ZDV
HYDOXDWHG $ WRWDO 33 FRQWHQW RI  PJJ
JDOOLF DFLG HTXLYDOHQW *$(  LQ WKH FRQFHQWUDWHG
WKLFN.KDODV'6ZDVREWDLQHG6XFKKLJKFRQFHQWUD
WLRQRI33FRPSDUHGWRZKROHGDWHIUXLWVZDVGXHWR
KLJKWHPSHUDWXUHLQYROYHGLQWKHSURFHVVRI'6H[
WUDFWLRQFRXSOHGZLWKYDFXXPHYDSRUDWLRQIRUH[FHVV
ZDWHUZKLFKLQLWLDWHGWKHHQULFKPHQWIRU33LQWKH
'6 7KH SHUIRUPDQFH RI WKH $&& LQ UHPRYLQJ 33
IURP '6 ZDV HYDOXDWHG LQ EDWFK H[SHULPHQWV 7KH
ORZUHPRYDORI33E\$&&HQFRXUDJHGWKHXVH
RIDQG3UHFLVHO\XVLQJ$&&ZLWKDFRQ
WDFWWLPHIRUKRXUVLJQLILFDQWO\UHGXFHGWKH33WR
DVPJ*$(JDFKLHYLQJUHPRYDOUDWHRI
7KHPD[LPXPRI33DGVRUSWLRQFDSDFLWLHV
REWDLQHG DW   $&& ZDV IRXQG WR EH & FRP
SDUHGZLWKKLJKHUWHPSHUDWXUHV



KDYHEHHQVKRZQWRKDYHGLUHFWDQWLEDFWHULDOHIIHFW
RQBacillus subtilisStaphtlococcus aureusSalmonella typhi DQG Pseudomonas aeruginosa >@ 7KH
SKHQROLFFRPSRXQGVPD\SURGXFHWKHHIIHFWE\DFW
LQJH[WUDFHOOXODURUE\DFWLQJRQLQWUDFHOOXODUWDUJHWV
>@.DXUDQG6LQJK>@UHSRUWHGWKDW2+JURXSV
DUHLRQL]HGDQGOHDGWRLQFUHDVHLQWKHPHPEUDQHSHU
PHDELOLW\RISKHQROLFFRPSRXQGVKHQFHLQFUHDVHLQ
LQWUDFHOOXODU DFFXPXODWLRQ  ,Q DQRWKHU VWXG\ .LP
DQG)XQJ>@FRQFOXGHGWKDWSKHQROLFFRPSRXQGV
PLJKWDFWRQPLFURELDOFHOOZDOOVRUPHPEUDQHVLQ
KLELW PLFURELDO JURZWK E\ FKDQJH RI PLFURELDO FHOO
SHUPHDELOLW\
&DUERQLVHIIHFWLYHDWUHPRYLQJQRQSRODUVXE
VWDQFHVEXWZHDNDWUHPRYLQJZDWHUVROXEOHFRPSR
QHQWVVXFKDVVXJDUDQGDPLQRDFLGV>@7KHSKH
QROLFFRPSRXQGVDGVRUSWLRQLVJRYHUQHGE\WKHLQ
WHUDFWLRQVEHWZHHQWKHFDUERQ\OJURXS & 2 RQWKH
EDVDOSODQRIDFWLYDWHGFDUERQVDQGWKHʌHOHFWURQVRI
DURPDWLF ULQJ LQ WKH SKHQROLF FRPSRXQGV ,Q WKLV
PHFKDQLVPRIGRQRUWRDFFHSWRUWKHDFWLYDWHGFDU
ERQVVXUIDFHSOD\VWKHUROHRIHOHFWURQVGRQRUZKLOH
WKHDURPDWLFULQJDFWVDVWKHHOHFWURQVDFFHSWRU>@
7KHQDWXUDOS+LVFRQVLGHUHGWKHRSWLPXPYDOXHIRU
33 DGVRUSWLRQ WR EH PDLQWDLQHG GXULQJ WUHDWPHQW
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&DUERQ\O GHJUDGDWLRQ RI FRPSRXQGV VXFK DV
SKHQROLF FRPSRXQGV H[KLELW VHYHUH WR[LFLW\ WR IHU
PHQWDWLRQ PLFUREHV 7KHUHIRUH WKH TXDQWLILFDWLRQ
DQGGHWR[LILFDWLRQRIVXFKLQKLELWRULQWKH'6DUHUH
TXLUHG$FWLYDWHGFDUERQZLOOEHHYDOXDWHGLQUHPRY
LQJ3KHQROLFFRPSRXQGV LQ'6,WLVKLJKO\UHFRP
PHQGHG IRU WKHVH PDWHULDOV WR EH UHPRYHG GXH WR
WKHLU LQKLELWLRQ IRU SULVWLQDP\FLQ SURGXFLQJ PLFUR
RUJDQLVP Streptomyces pristinaespiralis EHIRUH XV
LQJ'6DVDIHUPHQWDWLRQPHGLD
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6XEVWUDWH¶V H[WUDFWLRQ 'DWH V\UXS ZDV H[
WUDFWHGDFFRUGLQJWR$OHLGHWDO>@DVIROORZV'DWH
IUXLWV .KDODV FXOWLYDU  ZDV GHSLWWHG DQG WKH GDWH
IOHVKZDVKHDWHGZLWKHTXDODPRXQWRIZDWHUDWR&
IRUPLQ7KHPL[WXUHZDVILOWHUSUHVVHGWRUHPRYH
ODUJHLPSXULWLHVDQGLQVROXEOHPDWWHUV7KHGDWHMXLFH
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%HLQJ VHFRQGDU\ SODQW PHWDEROLWHV 33 UHSUH
VHQW D ODUJH DQGGLYHUVHJURXSRIVXEVWDQFHV DEXQ
GDQWO\SUHVHQWLQDPDMRULW\RIIUXLWVKHUEVDQGYHJ
HWDEOHV>@'DWHVLVFRQVLGHUHGDSKHQROLFDFLGDQG
IODYRQRLGVULFKIUXLWZKHQFRPSDUHGZLWKRWKHUIUXLWV
DQGEHUULHV>@7KHSUHVHQFHRIVXOIDWHGDQGQRQ
VXOIDWHG IRUPV RI OXWHROLQ TXHUFHWLQ FKU\VRHULRO
DQGLVRUKDPQHWLQJO\FRVLGHVLQGDWHVZHUHLGHQWLILHG
LQDQHDUOLHUVWXG\>@
:KLOHWKHUHDUHVHYHUDODFWLYHSK\WRFKHPLFDOV
LQGDWHVWKHFRPSRQHQWVWKDWPHGLDWHGLUHFWDQWLPL
FURELDOHIIHFWDUHVWLOOREVFXUH%RWKNQRZQDQGXQL
GHQWLILHG SK\WRFKHPLFDOV SUHVHQWV LQ GDWHV PD\ EH
LQYROYHGLQWKHDQWLPLFURELDODFWLYLW\>@'DWHV



E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

O RU*$VWDQGDUGVROXWLRQZHUHPL[HGZLWK
PO RI )ROLQ±&LRFDOWHX UHDJHQW SUHGLOXWHG IROG
ZLWK GLVWLOOHG ZDWHU  DQG DOORZHG WR VWDQG DW URRP
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DEVRUEDQFHZDVPHDVXUHGDWQP5HVXOWVZHUH
H[SUHVVHGDVPJ*$(JVDPSOH>@

6WDWLVWLFDODQDO\VLV7KHVLJQLILFDQFHOHYHOZDV
GHWHUPLQHG E\ $QDO\VLV RI 9DULDQFH 7HFKQLTXH
&RPSOHWHO\ 5DQGRPL]HG 'HVLJQ  DQG 'XQFDQ¶V
PXOWLSOHUDQJHWHVW 3 ZDVXVHGWRHVWLPDWH
WKHVLJQLILFDQFHOHYHO>@XVLQJ3&6$6 6$6VRIW
ZDUHYHU6$6,QVWLWXWH&DU\1&86$ 
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7RWDO33FRQWHQW,QWKHVWDQGDUGFXUYHWKHUH
ZDVDOLQHDUFRUUHODWLRQEHWZHHQ*$FRQFHQWUDWLRQ
PJP/ DQG $EVRUEDQFH DW  QP 5ð    $
WRWDO33FRQWHQWRIPJJ*$(LQWKHUDZ
'6ZDVREVHUYHG7KLVFRQFHQWUDWLRQLVKLJKHUWKDQ
YDOXHVUHSRUWHGE\$O7XUNLHWDO>@IRU*XUGDWH
FXOWLYDU PJ*$(J 'HJOHW1RRUFXOWL
YDU  PJ *$(J  DQG LQ .KDODV FXOWLYDU
PJ*$(J IUHVKZHLJKW$O)DUVLet al.
>@UHSRUWHGWRWDO33FRQWHQWYDOXHVEHWZHHQ
DQG  PJ *$(J IUHVK ZHLJKW IRU VRPH
2PDQL GDWH IUXLWV ,Q DQRWKHU VWXG\ $O)DUVL HW DO
>@UHSRUWHGDUDQJHRIWRPJ*$(
JIUHVKZHLJKW7KHKLJKFRQFHQWUDWLRQRI33LQ'6
FRPSDUHG WR ZKROH GDWH IUXLWV PLJKW EH EHFDXVH
KRZHYHUWKHKLJKWHPSHUDWXUHLQYROYHGLQWKHSUR
FHVVRI'6H[WUDFWLRQFRXSOHGZLWKYDFXXPHYDSRUD
WLRQ IRU H[FHVV ZDWHU ZKLFK LQLWLDWHG WULJJHULQJ DQ
HQULFKPHQWRI33LQWKH'6
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ZDVPLFURILOWHUHGRQPHPEUDQHVWRREWDLQIUHHLP
SXULWLHVVXJDUVROXWLRQXVLQJ1292;VKHHWILO
WHUV\VWHP )LOWUR[$*&+6W*DOOHQ6ZLW
]HUODQG ZLWKDQHIIHFWLYHFODULI\LQJILOWUDWLRQDUHDRI
P DQG P SRUH VL]H ZDV XVHG LQ WKH SLORW
V\VWHP2SHUDWLRQSUHVVXUHZDVVHWDWEDUWRREWDLQ
DFRQVLGHUDEOHIOX[WKURXJKWKHPHPEUDQH7KHRE
WDLQHGGDWHMXLFHZDVFRQFHQWUDWHGWR%UL[RQORZ
WHPSHUDWXUH & E\YDFXXPGU\LQJ7KHUHVXOWHG
'6 XVXDOO\ FRQWDLQV IUXFWRVH JOXFRVH DQG VPDOO
DPRXQWRIVXFURVHDQGXVHGDVDVXEVWUDWHLQWKHIHU
PHQWDWLRQH[SHULPHQWV

3UHSDUDWLRQRI33H[WUDFWVEHIRUHGHWR[LILFD
WLRQ$SRUWLRQRIJRI'6ZDVPL[HGZLWK
PORIPHWKDQROZDWHU YY DWURRPWHPSHUDWXUH
&7KHPL[WXUHZDVKRPRJHQL]HGE\VWLUULQJIRU
PLQXWHVDQGSODFHGLQWRURWDU\VKDNHU USP DW
&IRUKRXUV

3KHQROLF FRPSRXQGV UHPRYDO XVLQJ $FWL
YDWHG&KDU&RDO7RHOXFLGDWHWKHHIIHFWRIFKDUFRDO
FRQFHQWUDWLRQFRQWDFW WLPH DQG WHPSHUDWXUH RQ WKH
UHPRYDORI33LQ'6 IURP.KDODVYDULHW\WZRH[
SHULPHQWVZHUHFDUULHGRXW

)LUVW H[SHULPHQW 7KH 33 H[WUDFW ZDV PL[HG
ZLWK  DQG   ZZ $&& DJLWDWHG DW  USP LQ
URWDU\VKDNHUDW&IRUDQGKRXUV
FRQWDFW WLPH $QRWKHU SRUWLRQ ZDV PL[HG ZLWK 
ZZDQGDJLWDWHGDVDERYHIRUDQG
KUV,QWKLVH[SHULPHQWS+ZDVPDLQWDLQHGEHORZ
VHYHQ 7KH PL[WXUH ZDV ILOWHUHG WKURXJK ZKDWPDQ
QR SRUH VL]H IRU VHSDUDWLQJ PRVW RI WKH FKDUFRDO
7KHILOWUDWHZDVQRWYHU\SXUHDQGWKHUHZDVVWLOOOLWWOH
FKDUFRDOFRQWHQWVZKLFKZDVSUHFLSLWDWHGE\FHQWULI
XJDWLRQ DW  USP +HWWLFK =HQWULIXJHQ 7XW
WOLQJHQ*HUPDQ\  IRU PLQ 7RWDO 33 FRQWHQW  LQ
WKHVXSHUQDWDQWH[SUHVVHGDVPJJDOOLFDFLGHTXLYD
OHQWV *$( ZDVGHWHUPLQHGXVLQJ)ROLQ&LRFDOWHX
UHDJHQWV>@DVGHVFULEHGEHORZ

6HFRQGH[SHULPHQW7KHEHVWWUHDWPHQWIRU33
UHPRYDOIURP'6XVLQJ$&&DW & ZDVWHVWHG
IRUIXUWKHULPSURYHPHQWE\FXUU\LQJWKHDGVRUSWLRQ
XQGHU GLIIHUHQW WHPSHUDWXUHV $FWLYDWHG &KDU &RDO
ZDVIL[HGDWFRQWDFWWLPHKUDQGDJLWDWLRQ 
USP DWDQG&2QHKXQGUHG
JUDPVRI'6ZDVZHOOPL[HGZLWKPOPHWKDQRO±
ZDWHU  YY  DW URRP WHPSHUDWXUH & IRU 
KRXUVXVLQJDURWDU\VKDNHUDWUSP7KHH[WUDFWV
ZHUH WKHQ ILOWHUHG WKURXJK :KDWPDQ  SDSHU DQG
FHQWULIXJHGDWUSPIRUPLQEHIRUHSRO\SKH
QROHVWLPDWLRQ>@

(VWLPDWLRQ RI WRWDO 33 XVLQJ )ROLQ±&LRFDO
WHDXPHWKRG$VWDQGDUGVROXWLRQ PJPO ZDV
SUHSDUHGE\GLVVROYLQJJ*$LQPOGLVWLOOHG
ZDWHU7KHVROXWLRQZDVWKHQGLOXWHGWR
 DQG  PJPO RI VWDQGDUG VROXWLRQV '6 H[WUDFW

,QLWLDO33FRQFHQWUDWLRQ  DW&
:LWKLQ HDFK FROXPQ PHDQV ZLWK WKH VDPH OHWWHU DUH QRW
VLJQLILFDQWO\GLIIHUHQW S 


(IIHFW RI FKDUFRDO SHUFHQWDJH DQG FRQWDFW
WLPH RQ 33 UHPRYDO $OO WUHDWPHQWV ZHUH FDUULHG
RXW LQ WULSOLFDWH DQG FRQWURODV ZHOO  7KHHIIHFW RI
$&&FRQFHQWUDWLRQDQGFRQWDFWWLPHRQWKHUHPRYDOV
RIWRWDO33IURP'6DW&USPZDVGRVHDQG
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3RO\SKHQROVFRQFHQWUDWLRQLQWKHUDZ'6ZDV
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FRQWDFW WLPH SRO\ SKHQROV FRQFHQWUDWLRQ UHDFKHG
 PJ *$(  J H[KLELWLQJ UHPRYDO UDWH RI
  )LJXUH   :KHQ '6 LQFXEDWHG ZLWK  
FKDUFRDOIRUKWKHSRO\SKHQROVFRQFHQWUDWLRQZDV
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J+RZHYHUIRXUKRXUVFRQWDFWWLPHUHGXFHGWKH
33 WR  PJ *$(  J ZLWK D VLJQLILFDQW UH
PRYDOUDWHRI 7DEOH 0XVKWDTHWDO>@
REVHUYHG D UHGXFWLRQ RI SKHQROLF FRPSRQHQWV
LQ VXJDUFDQH EDJDVVH K\GURO\VDWH E\ DSSO\LQJ 
FKDUFRDODW&7KHDGVRUSWLRQPHFKDQLVPRISKH
QROLFFRPSRXQGVWDNHVSODFHEHWZHHQWKHDURPDWLF
ULQJVDQGWKHDFWLYHVLWHVRIFDUERQ7KHVWHULFKLQ
GUDQFHLQWKHPRUHFRPSOH[33GLGQRWDOORZWKHLQ
WHUDFWLRQRIWKHSKHQROULQJVZLWKWKHFDUERQVXUIDFH
>@7KHFKDUFRDOFDQEHUHF\FOHGDQGUHDFWLYDWHG

(IIHFW RI WHPSHUDWXUH RQ 33 UHPRYDO E\
FKDUFRDOIURP'6,QWKLVH[SHULPHQWLVDWUDLOWR
UHGXFHWKHFRQWDFWWLPHJLYLQJWKHKLJKHVWSRO\SKH
QROUHPRYDOIURPWRKD6XFKSURFHVVZLOOUHGXFH
WKHLQGXVWULDORSHUDWLRQWLPH7KHWHVWLQJFRQGLWLRQV
ZHUHFKDUFRDODJLWDWLRQDWUSPDQGKFRQ
WDFWWLPHZHUHLQYHVWLJDWHGDJDLQVWGLIIHUHQWWHPSHU
DWXUHV 8VLQJ & VLJQLILFDQWO\ UHGXFHG 33 WR
PJ*$(JZLWKDUHPRYDOUDWHRI
DVFRXOGEHVHHQIURP7DEOH  
,W FRXOG EH VHHQ WKDW WHPSHUDWXUH DW &
ZKLFKSURYLGHGWKHKLJKHVWUHPRYDOUDWHGRHVDIIHFW



&KDUFRDO
5HPRYDO
D

 


D


D


E


E


EF


EF


F


F

,QLWLDO33FRQFHQWUDWLRQ  DW&
:LWKLQHDFKUDZPHDQVZLWKWKHVDPHOHWWHUDUHQRW
VLJQLILFDQWO\GLIIHUHQW S 

7$%/(
(IIHFWRIWHPSHUDWXUHRQ33UHPRYDODW
$&&
7HPS
3RO\SKHQROV PJJ  
& 
*$(
E
F
E
E
E
D








,QLWLDOSRO\SKHQROVFRQFHQWUDWLRQ  DW&
:LWKLQHDFKUDZPHDQVZLWKWKHVDPHOHWWHUDUHQRWVLJ
QLILFDQWO\GLIIHUHQW S 


WHPSHUDWXUHIURPWR&,QWKLVFDVHWKHVRUS
WLRQ PHFKDQLVP RI SKHQRO ZDV HQGRWKHUPLF LQ QD
WXUH7KH\DWWULEXWHGWKDWWRDUXSWXUHRUEUHDNDJHRI
ERQGVFDXVHGE\WKHWHPSHUDWXUHLQFUHDVH7KLVUH
VXOWHG LQ WKH IRUPDWLRQ RI QHZ DFWLYH ELQGLQJ VLWHV
>@+RZHYHUDVLJQLILFDQWGHFUHDVHZDVREVHUYHG
DERYHDW

3RO\SKHQRO5HPRYDO





&KDUFRDO
ŚĂƌĐŽĂůϭй






Ϯ

ϰ

ϲ

ϴ

ϭϬ

7LPH K

),*85(
3RO\SKHQROUHPRYDOUDWHDWDQG$&&DWGLIIHUHQWWLPHV
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3RO\SKHQRO5HPRYDO



ŚĂƌĐŽĂůϱй

















7HPSHUDWXUH&

),*85(
3RO\SKHQROUHPRYDOUDWHDW$&&RQGLIIHUHQWWHPSHUDWXUHV

&0RM]HUHWDO>@VWDWHGWKDWWHPSHUDWXUHVH[
FHHGLQJ&LVXQGHVLUHGDQGOHDGWRDUDSLGDQWKR
F\DQLQ GHJUDGDWLRQ 9DUJKHVH HW DO >@ UHSRUWHG
WKDWWKHDGVRUSWLRQRISKHQROGHFUHDVHVZLWKWHPSHU
DWXUHLQFUHDVH7HPSHUDWXUHLQFUHDVHUHGXFHVWKHDW
WUDFWLYHIRUFHVEHWZHHQSKHQRODQGWKHDGVRUEHQWDQG
LQFUHDVH LQ DGVRUEHQW WKHUPDO HQHUJ\ LV REVHUYHG
7KLVLQGLFDWHVWKHH[RWKHUPLFQDWXUHRIDGVRUSWLRQ,W
DOVROHDGVWRFRQFOXVLRQWKDWSK\VLFDODGVRUSWLRQKDV
LPSRUWDQW UROH EHVLGHV FKHPLVRUSWLRQ LQ SKHQRO DW
WDFKPHQWRQWRWKHDGVRUEHQW>@


&21&/86,216

+LJK 33 FRQWHQW LQ WKH FRQFHQWUDWHG WKLFN
.KDODV '6 ZDV REVHUYHG 7KLV FRQFHQWUDWLRQ ZDV
KLJKHUWKDQYDOXHVIRUGDWHIUXLWV8VLQJFKDUFRDO
ZLWK D FRQWDFW WLPH IRU  KRXU DFKLHYHG  UH
PRYDORI33IURPWKH'67KHUHPRYDOUDWHRI33
IURP'6ZDVKLJKHVWDWWHPSHUDWXUH&)URPWKH
DERYHUHVXOWV$&&LVDQ HIIHFWLYHLQUHPRYLQJ33
IURP'6IUDFWLRQXVHGDVDVXEVWUDWHLQWKHIHUPHQWD
WLRQ SURFHVVHV ZKLFK LPSURYHG WKH IHUPHQWDWLRQ
DELOLW\DQGELRV\QWKHVLVRI3ULVWLQDP\FLQ


$&.12:/('*(0(176

7KHDXWKRUVZRXOGOLNHWRWKDQNWKH'DWH3DOP
5HVHDUFK&HQWHURI([FHOOHQFH.LQJ)DLVDO8QLYHU
VLW\ $ODKVD 6DXGL $UDELD IRU ILQDQFLDO VXSSRUW WR
FDUU\RXWWKLVZRUN


5()(5(1&(6

>@ 0RM]HU(%+UQFLF0.6NHUJHW0.QH]
= %UHQ 8   3RO\SKHQROV H[WUDFWLRQ
PHWKRGV DQWLR[LGDWLYH DFWLRQ ELRDYDLODELOLW\
DQG DQWLFDUFLQRJHQLF HIIHFWV 0ROHFXOHV 
±







>@ +RQJ<-7RPDV%DUEHUDQ)$.DGHU$$
0LWFKHOO $(   7KH IODYRQRLG JO\FR
VLGDVH DQG SURF\DQLGLQ FRPSRVLWLRQ RI 'HJODW
1RRUGDWHV phoenix dactylifera -$JULF)RRG
&KHP
>@ 0DQVRXUL $ (PEDUHN * .RNDORX (
.HIDODV3  3KHQROLFSURILOHDQGDQWLR[
LGDQWDFWLYLW\RIWKH$OJHULDQULSHGDWHSDOPIUXLW
phoenix dactylifera )RRG&KHP
>@ 7RPDV/))HUUHUHV)  )ODYRQRLGVXO
SKDWHV LQ IUXLWV RI phoenix dactilifera 5HYLVWD
GH $JURTXLPLFD 7HFQRORJLD GH $OLPHQWRV

>@ 9D\DOLO3.  $QWLR[LGDQWDQGDQWPXWD
JHQLFSURSHUWLHVRIDTXHRXVH[WUDFWRIGDWHIUXLW
phoenix dactylifera -$JULF)RRG&KHP

>@ 9D\DOLO3.  %LRDFWLYHFRPSRXQGVQX
WULWLRQDODQGIXQFWLRQDOSURSHUWLHVRIGDWHIUXLW
,Q 'DWHV 3RVWKDUYHVW 6FLHQFH 3URFHVVLQJ
7HFKQRORJ\ DQG+HDOWK %HQHILWV (GLWRUV0X
KDPPDG 6LGGLT 6DODK 0 $OHLG DQG $GHO $
.DGHU-RKQ:LOH\3XQLVKLQJ&R$PHV,RZD
86$
>@ $O6KZ\HK +$   'DWH 3DOP Phoenix
dactylifera  )UXLW DV 3RWHQWLDO $QWLR[LGDQW DQG
$QWLPLFURELDO$JHQWV-3KDUP%LRDOOLHG6FL
±
>@ $OGDLKDQ6%KDW56  $QWLPLFURELDO
DFWLYLWLHVRIH[WUDFWVRIOHDIIUXLWVHHGDQGEDUN
RIPhoenix dactylifera$IU-%LR7HFKQRO

>@ (YUHQ$  5HFRYHU\RI3K\WRFKHPLFDOV
+DYLQJ DQWLPLFURELDO DQG $QWLR[LGDQW &KDUDF
WHULVWLFV IURP /RFDO 3ODQWV 3K' LQ &KHPLFDO
(QJLQHHULQJ ø]PLU ,QVWLWXWH RI 7HFKQRORJ\
ø]PLU7XUNH\
>@.DXU*6LQJK53  $QWLEDFWHULDODQG
0HPEUDQH 'DPDJLQJ $FWLYLW\ RI /LYLVWRQD
&KLQHQVLV )UXLW ([WUDFW )RRG DQG &KHPLFDO
7R[LFRORJ\
>@.LP 6 )XQJ '<&   $QWLPLFURELDO
(IIHFW RI &UXGH :DWHU 6ROXEOH $UURZURRW
Puerariae Radix 7HD([WUDFWVRQ)RRG%RUQH
3DWKRJHQVLQ/LTXLG0HGLXP/HWWHUVLQ$SSOLHG
0LFURELRORJ\
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>@9DUJKHVH 6 9LQRG 93 $QLUXGKDQ 76
  .LQHWLF DQG (TXLOLEULXP &KDUDFWHUL]D
WLRQRI3KHQROV$GVRUSWLRQRQWRD1RYHO$FWL
YDWHG&DUERQLQ:DWHU7UHDWPHQW,QGLDQ-RXU
QDORI&KHPLFDO7HFKQRORJ\
>@(NSHWH2$+RUVIDOO-QU0  .LQHWLF
$GVRUSWLRQ6WXG\RI3KHQRORQWR$FWLYDWHG&DU
ERQ'HULYHGIURP)OXWHG3XPSNLQ6WHP$351
-RXUQDO RI (QJLQHHULQJ DQG $SSOLHG 6FLHQFHV
  





5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

6DODK0RKDPPHG$OHLG
'HSDUWPHQWRI)RRGDQG1XWULWLRQ6FLHQFHV
.LQJ)DLVDO8QLYHUVLW\
$ODKVD±6DXGL$UDELD

HPDLO VHLG#NIXHGXVD

>@+DUEHUWVRQ -) 6SD\G 6   0HDVXULQJ
3KHQROLFV LQ WKH :LQHU\ $PHULFDQ -RXUQDO RI
(QRORJ\DQG9LWLFXOWXUH
>@.RXRWRX'%OLQ-1JRPR+01GL-1
%HOLEL%HOLEL3'.HWFKD-0  0HFK
DQLVPV ,QYROYHG ,Q WKH 5HPRYDO RI 3KHQROLF
&RPSRXQGVIURP$TXHRXV6ROXWLRQ8VLQJ$F
WLYDWHG &DUERQV %DVHG 3DOP .HUQHOV 6KHOOV
-RXUQDORI$SSOLFDEOH&KHPLVWU\
>@$ODGKDP5$)  5HPRYDORI3RO\SKH
QROV IURP 2OLYH 0LOO :DVWHZDWHU XVLQJ $FWL
YDWHG 2OLYH 6WRQHV 0DVWHU 7KHVLV )DFXOW\ RI
*UDGXDWH 6WXGLHV $Q1DMDK 1DWLRQDO 8QLYHU
VLW\1DEOXV3DOHVWLQH
>@$OHLG 60 $OMDVDVV )0 +DPDG 6+
 2SWLPL]DWLRQRI6LQJOH&HOO3URWHLQ3UR
GXFWLRQ IURP 'DWH )UXLWV:DVWH E\ %DWFK)HU
PHQWDWLRQ XVLQJ Saccharomyces cerevisiae
6\OZDQ3ROLVK-RXUQDO  
>@%LJODUL ) $ONDUNKL $)0 (DVD $0
 $QWLR[LGDQW$FWLYLW\DQG3KHQROLF&RQ
WHQWRI9DULRXV'DWH3DOP phoenix dactylifera 
IUXLWVIURP,UDQ)RRG&KHP
>@6KXL*/HRQJ/3  5HVLGXHIURP6WDU
)UXLWDV9DOXDEOH6RXUFHIRU)XQFWLRQDO)RRGLQ
JUHGLHQWVDQG$QWLR[LGDQW1XWUDFHXWLFDOV)RRG
&KHP
>@6WHHO5*7RUULH-+  3ULQFLSOHVDQG
3URFHGXUHVRI6WDWLVWLFVQGHG0F*UDZ+LOO
%RRN&R1<86$
>@$O7XUNL 6 6KDKED 0$ 6WXVKQRII &
 'LYHUVLW\RI$QWLR[LGDQW3URSHUWLHVDQG
3KHQROLF &RQWHQW RI 'DWH 3DOP Phoenix dactylifera )UXLWVDV$IIHFWHGE\&XOWLYDUDQG/R
FDWLRQ-RXUQDORI)RRG$JULFXOWXUH (QYLURQ
PHQW
>@$O)DUVL0$ODVDYDU&0RUULV$%DURQV
06KDKLGL)  &RPSRVLWLRQDODQG6HQ
VRU\&KDUDFWHULVWLFVRI7KUHH1DWLYH6XQGULHG
GDWH Phoenix dactylifera  9DULHWLHV *URZQ LQ
2PDQ-$JULF)RRG&KHP±
>@0XVKWDT = $VJKDU 1 :DKHHG 0  
&RPSDUDWLYH(YDOXDWLRQRI'HWR[LILFDWLRQ6WUDW
HJLHV IRU 6XJDUFDQH %DJDVVH +\GURO\VDWH7KH
-RXUQDORI$QLPDO 3ODQW6FLHQFHV

>@1HYVNDLD '0 *XHUUHUR5XÕ] $  
&RPSDUDWLYH 6WXG\ RI WKH $GVRUSWLRQ IURP
$TXHRXV6ROXWLRQVDQGWKH'HVRUSWLRQRI3KH
QRO DQG 1RQ\OSKHQRO 6XEVWUDWHV RQ DFWLYDWHG
&DUERQV-RXUQDORI&ROORLGVDQG,QWHUIDFH6FL
HQFH±
>@$UVODQ&6'XUVXQ$<  %LRVRUSWLRQ
RI3KHQRORQ'ULHG$FWLYDWHG6OXGJH(IIHFWRI
7HPSHUDWXUH6HS6FL7HFKQRO±
>@0X¶D]X 1' -DUUDK 1 =XEDLU 0 $ODJKD
2   5HPRYDO RI 3KHQROLF &RPSRXQGV
IURP:DWHU8VLQJ6HZDJH6OXGJH%DVHG$FWL
YDWHG&DUERQ$GVRUSWLRQ$5HYLHZ,QW-(Q
YLURQ5HV3XEOLF+HDOWK
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5(6($5&+215(*,21$/585$/7285,60 
&216758&7,21$1''(9(/230(17675$7(*,(6
%$6('217285,676 3(5&(,9(' 
9$/8(7$.,1*7+(*5($7(5%$<$5($$5281' 
+$1*=+28%$<$6$1(;$03/(

&KXQKRQJ;X /HL'LQJ-XQ=KX6KLZHL6KHQ




,QWHUQDWLRQDO)DFXOW\1LQJER3RO\WHFKQLF1LQJER&KLQD(PDLOOXDQPLQJPLQJ#KRWPDLOFRP
&ROOHJHRI*HRPDWLFVDQG0XQLFLSDO(QJLQHHULQJ=KHMLDQJ8QLYHUVLW\RI:DWHU5HVRXUFHVDQG(OHFWULF3RZHU+DQJ]KRX&KLQD

8QLWHG)DFXOW\RI&KLQDDQG)UHQFK1LQJER8QLYHUVLW\1LQJER&KLQD

(8&KLQD7RXULVPDQG&XOWXUH&ROOHJH1LQJER8QLYHUVLW\1LQJER&KLQD



$%675$&7

,WLVDQLPSRUWDQWGHYHORSPHQWSODQRIQDWLRQDO
WRXULVPFRQVWUXFWLRQLQWKHQHZHUDWRGHYHORSUXUDO
WRXULVPWRZQVZLWKUHJLRQDOFKDUDFWHULVWLFVDQGVSH
FLDO HWKQLF IHDWXUHV DQG WR FRQVWUXFW D JURXS RI ID
PRXV WRXULVP WRZQV DQG YLOODJHV ZLWK GLVWLQFWLYH
ODQGVFDSH 7KLV VWXG\ WRRN WKH *UHDWHU %D\ $UHD
DURXQG +DQJ]KRX %D\ DV WKH UHVHDUFK DUHD DQG
DGRSWHGWKHHYDOXDWLRQPHWKRGRIWRXULVW¶VSHUFHLYHG
YDOXHWRVWXG\DQGDQDO\]HWKHFRQVWUXFWLRQDQGGH
YHORSPHQWVWDWXVRIVHYHQUHSUHVHQWDWLYHUXUDOWRXULVW
DWWUDFWLRQVLQWKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX
%D\IURPWKHSHUVSHFWLYHVRIHFRORJLFDOHQYLURQPHQW
VRFLDO HQYLURQPHQW FXOWXUDO HQYLURQPHQW DQG WRXU
LVPSURGXFWVDQGVHUYLFHV7KHUHVXOWRIWKHUHVHDUFK
VKRZHGWKDWDWWKHSUHVHQWVWDJHWKHPDLQSUREOHPV
RIUXUDOWRXULVPVFHQLFVSRWVLQWKH*UHDWHU%D\$UHD
DURXQG+DQJ]KRX%D\LQFOXGHGSRRUKXPDQLVWLFHQ
YLURQPHQW LQVXIILFLHQW FXOWXUDO KHULWDJH RI UXUDO
WRXULVPVHULRXVKRPRJHQL]DWLRQRIVFHQLFVSRWWRXU
LVP SURMHFWV DQG SURGXFWV VLQJOH WRXULVW VWUXFWXUH
ORZSURIHVVLRQDOTXDOLW\RIVFHQLFVSRWSUDFWLWLRQHUV
SRRU VHUYLFH DWWLWXGH HWF ,Q YLHZ RI WKH H[LVWLQJ
SUREOHPVWKLVVWXG\SXWIRUZDUGFRUUHVSRQGLQJRS
WLPL]DWLRQVWUDWHJLHVIURPWKUHHDVSHFWVFXOWXUDODQG
VRFLDOHQYLURQPHQWPDUNHWH[SDQVLRQDQGRSHUDWLRQ
VFHQLFVSRWSURGXFWVDQGWRXULVPVHUYLFHV



VSLULWXDODQGFXOWXUDOOLIHKDVDOVREHFRPHULFKHUDQG
WKHGHYHORSPHQWRIUXUDOWRXULVPKDVDOVRXVKHUHGLQ
QHZGHYHORSPHQWYLWDOLW\>@:LWKWKHRSWLPL]D
WLRQ RI WKH QDWLRQDO SROLF\ HQYLURQPHQW DQG WKH
VWURQJVXSSRUWRIWKHHFRQRP\YLJRURXVO\GHYHORS
LQJUXUDOWRXULVPFRQVWUXFWLRQKDVJUDGXDOO\EHFRPH
DQLPSRUWDQWOLQNLQWKHFRQVWUXFWLRQRIDQHZVRFLDO
LVWFRXQWU\VLGH0HDQZKLOHSURPRWLQJUXUDOWRXULVP
FRQVWUXFWLRQDQGGHYHORSPHQWLVDOVRLQOLQHZLWKWKH
QDWLRQDO WRXULVP FRQVWUXFWLRQ SODQQLQJ FRQFHSW LQ
WKHQHZHUD>@$PRQJWKHPWKH2SLQLRQVRQ3UR
PRWLQJ7KH5HIRUPDQG'HYHORSPHQWRI7RXULVP,Q
GXVWU\HPSKDVL]HGWKDWLWLVQHFHVVDU\WRYLJRURXVO\
GHYHORSUXUDOWRXULVWWRZQVZLWKUHJLRQDODQGHWKQLF
FKDUDFWHULVWLFVDQGEXLOGDQXPEHURIIDPRXVWRXULVW
WRZQVDQGYLOODJHVZLWKGLVWLQFWLYHODQGVFDSHV>@
7KLV VWXG\ VHOHFWHG WKH *UHDWHU %D\ $UHD
DURXQG+DQJ]KRX %D\ DV WKH VWXG\ DUHD%DVHGRQ
WKHHYDOXDWLRQRIWRXULVWV¶SHUFHLYHGYDOXHILUVWO\LW
VWXGLHGDQGDQDO\]HGWKHFKDUDFWHULVWLFVRIWLPHDQG
VSDFHLQWKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\
$TXHVWLRQQDLUHRQWRXULVPSHUFHSWLRQRIWRXULVWVLQ
WKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\ZDVGH
VLJQHGLQWHUPVRIHFRORJLFDOHQYLURQPHQWVRFLDOHQ
YLURQPHQW FXOWXUDO HQYLURQPHQW DQG WRXULVP SURG
XFWV DQG VHUYLFHV $FFRUGLQJ WR WKH UHVXOWV RI WKH
TXHVWLRQQDLUH WKH FXUUHQW VLWXDWLRQ DQG H[LVWLQJ
SUREOHPV RI UXUDO WRXULVP GHYHORSPHQW LQ WKH
*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\ZHUHVWXG
LHG DQG DQDO\]HG DQG ILQDOO\ SXW IRUZDUG FRUUH
VSRQGLQJ GHYHORSPHQW VWUDWHJLHV IRU WKH H[LVWLQJ
SUREOHPVVRDVWRSURYLGHFHUWDLQWKHRUHWLFDOVXS
SRUWIRUWKHGHYHORSPHQWRIORFDOUXUDOWRXULVPFRQ
VWUXFWLRQ






.(<:25'6 
7RXULVWSHUFHSWLRQ5XUDOWRXULVP+DQJ]KRX%D\2SWLPL
]DWLRQ



,1752'8&7,21

:LWKWKHUDSLGGHYHORSPHQWRIVRFLDOHFRQRP\
SHRSOH VOLYLQJVWDQGDUGKDVEHHQLPSURYHGDQGWKHLU
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),*85(
7UDIILFVFKHPDWLFGLDJUDPRIWKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\

0$7(5,$/6$1'0(7+2'6

5HVHDUFK ,GHDV DQG 4XHVWLRQQDLUH 6XUYH\
2YHUYLHZRI5HVHDUFK$UHD:LWKWKHYLJRURXVDG
YDQFHPHQW RI WKH FRQVWUXFWLRQ RI WKH *UHDWHU %D\
$UHDDURXQG+DQJ]KRX%D\WKHHFRQRPLFLQWHJUD
WLRQ SURGXFHG E\ HFRQRP\ LQQRYDWLRQ DQG FDSLWDO
UHVRXUFHVDJJORPHUDWLRQDQGUDGLDWLRQZLOOEHDQHZ
GULYLQJ IRUFH IRU UHJLRQDO HFRQRPLF GHYHORSPHQW
ZLWK 1LQJER 6KDQJKDL DQG +DQJ]KRX DV WKH FRUH
FRQVWUXFWLRQRIWKHWKUHHFLWLHVDURXQG+DQJ]KRX%D\
WKHXUEDQFOXVWHUGHYHORSPHQWSODQRI7KH*UHDWHU
%D\$UHDDURXQG+DQJ]KRX%D\KDVDOVREHHQXS
JUDGHGWRDQDWLRQDOVWUDWHJ\>@7KH*UHDWHU%D\
$UHDDURXQG+DQJ]KRX%D\HQFRPSDVVHVVHYHQPD
MRU FLWLHV VXFK DV 6KDQJKDL DQG =KHMLDQJ 3URYLQFH
QDPHO\+DQJ]KRX1LQJER6KDR[LQJ+X]KRX-LD[
LQJDQG=KRXVKDQ7KHVHYHQPDMRUFLWLHVKDYHJRRG
WRXULVPLQIUDVWUXFWXUHDQGWUDIILFFRQGLWLRQVLQWHUPV
RIWRXULVPLQGXVWU\HFRQRP\ WUDIILFPDSDVVKRZQ
LQ)LJXUH WKHUHIRUHYLJRURXVO\SURPRWLQJWKHLQ
QRYDWLRQ DQG LQWHJUDWLRQ RI WKH WRXULVP LQGXVWU\ LQ
WKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\ZLOOEH
FRPH D VWURQJ ³DVVLVW´ IRU WKH HFRQRPLF GHYHORS
PHQWRIWKH*UHDWHU%D\$UHD>@
7KH FRPSUHKHQVLYH FRPSHWLWLYHQHVV LQGH[ RI
WKHWRXULVPLQGXVWU\LVDQLPSRUWDQWLQGLFDWRUUHIOHFW

LQJWKHGHJUHHRIXUEDQWRXULVPGHYHORSPHQW5HOH
YDQW UHVHDUFK GDWD VKRZHG WKDW GXULQJ WKH SHULRG
WKHWRXULVPLQGXVWU\FRPSHWLWLYHQHVVLQ
GH[ UDQNLQJV RI WKH FLWLHV LQ WKH *UHDWHU %D\$UHD
DURXQG+DQJ]KRX%D\VKRZHGDVWDEOHRYHUDOOWUHQG
DVVKRZQLQWKH)LJXUH $FFRUGLQJWRWKHFRPSHW
LWLYHQHVV LQGH[ UDQJH WKH WRXULVP GHYHORSPHQW RI
WKHVHYHQPDMRUFLWLHVFDQEHGLYLGHGLQWR 6KDQJ
KDL !&!  +DQJ]KRX !&!  
1LQJER6KDR[LQJ ˚&˚  -LD[LQJ+X
]KRX DQG =KRXVKDQ ˚&˚  D WRWDO RI
IRXUHFKHORQV>@,QDGGLWLRQUHODWHGUHVHDUFKUH
VXOWVVKRZHGWKDWLQWKHSDVWWHQ\HDUVIURPWKHSHU
VSHFWLYH RI KRUL]RQWDO WLPH JUDGLHQW GHYHORSPHQW
WUHQGV WKH WRXULVP HFRQRPLF FRPSHWLWLRQ LQGH[ RI
WKH VHYHQ PDMRU FLWLHV LQ WKH *UHDWHU %D\ $UHD
DURXQG+DQJ]KRX%D\KDGVKRZQDJUDGXDOXSZDUG
WUHQGZLWKWKHULVHRIWKHQDWLRQDOHFRQRP\)URPWKH
SHUVSHFWLYHRIYHUWLFDOGHYHORSPHQWWKHVHYHQPDMRU
FLWLHV KDG JUHDW FRPSHWLWLYH DGYDQWDJHV LQ KXPDQ
WRXULVP UHVRXUFHV QDWXUDO WRXULVP UHVRXUFHV DQG
FRPSUHKHQVLYHWRXULVPUHVRXUFHV+RZHYHUWKHGH
YHORSPHQWRIUXUDOWRXULVPFRQVWUXFWLRQLQWKHVHYHQ
PDMRU FLWLHV ODJJHG IDU EHKLQG FLWLHVZLWK WKHVDPH
OHYHORIFRPSHWLWLYHQHVVLQ&KLQD7KLVZLOOEHFRPH
DQLPSRUWDQWOLQNLQHQKDQFLQJWKHGHYHORSPHQWRI
UHJLRQDOWRXULVPHFRQRP\LQWKH*UHDWHU%D\$UHD
DURXQG+DQJ]KRX%D\>@
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),*85(
7KH&RPSUHKHQVLYH&RPSHWLWLYHQHVV,QGH[RI7RXULVP,QGXVWU\RI6HYHQ&LWLHVLQWKH*UHDWHU%D\$UHD
DURXQG+DQJ]KRX%D\IURPWR

VFRUHV RI WKLV TXHVWLRQQDLUH VXUYH\ ZHUH VHW LQ DF
7RXULVW3HUFHSWLRQ4XHVWLRQQDLUH6XUYH\,Q
FRUGDQFHZLWK5LFKWHU¶VSRLQWVFRUHFULWHULRQ>@
WKLVVWXG\WKHUHSUHVHQWDWLYHUXUDOWRXULVWDWWUDFWLRQV
DQG WKH VXUYH\HG WRXULVWV ZHUH UHTXLUHG WR FKRRVH
RIVHYHQPDMRUFLWLHVLQWKH*UHDWHU%D\$UHDDURXQG
WKHLUSHUFHSWLRQRIWKHFKRLFHVOLVWHGLQWKHTXHVWLRQ
+DQJ]KRX %D\ ZHUH WDNHQ DV WKH UHVHDUFK DUHD
QDLUH WKDW LV 9HU\ LPSRUWDQWYHU\ VDWLVILHG 
7KURXJK WKH SUHSDUDWLRQ RI WKH µ4XHVWLRQQDLUH RQ
SRLQWV  ,PSRUWDQWVDWLVILHG  SRLQWV  *HQHUDO
7RXULVP3HUFHSWLRQVRI7RXULVWVLQWKH*UHDWHU%D\
 SRLQWV  1RW YHU\ LPSRUWDQWXQVDWLVILHG 
$UHDDURXQG+DQJ]KRX%D\¶ZDVFRQGXFWHGDQGWKH
SRLQWV  9HU\ XQLPSRUWDQWYHU\ GLVVDWLVILHG 
TXHVWLRQQDLUHV ZHUH KDQGHG RXW RQVLWH GXULQJ WKH
SRLQW  5HJDUGLQJ WKH UHFRYHUHG YDOLG TXHVWLRQ
WRXULVWV  UHVW WLPH $IWHU WKH TXHVWLRQQDLUHV ZHUH
QDLUHV6366VRIWZDUHZDVXVHGWRSURFHVVDQG
ILOOHGRXWWKHTXHVWLRQQDLUHVZHUHFROOHFWHGRQVLWH
DQDO\]HDOOVWDWLVWLFDOLWHPV
,QWKLVUHVHDUFKDWRWDORITXHVWLRQQDLUHVZHUH

GLVWULEXWHG  IRU HDFK VFHQLF VSRW  DQG 

TXHVWLRQQDLUHVZHUH FROOHFWHGZLWK D UHFRYHU\ UDWH
5(68/76$1'',6&866,21
RI $IWHU VFUHHQLQJ DQG HOLPLQDWLQJ 
YDOLGTXHVWLRQQDLUHVZHUHREWDLQHGZLWKDQHIIHFWLYH

UDWHRI7KHEDVLFLQIRUPDWLRQRIWRXULVWVLQ
$QDO\VLVRI5XUDO7RXULVP3HUFHSWLRQLQWKH
YROYHGLQWKLVTXHVWLRQQDLUHPDLQO\LQFOXGHGJHQGHU
*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\1DWXUDO
DJH RFFXSDWLRQ LQFRPH WUDYHO PHWKRGV DFFHVV WR
(FRORJLFDO (QYLURQPHQW 3HUFHSWLRQ )LJXUH 
OHDUQDERXWWKHWRXULVWGHVWLQDWLRQVDQGWRXULVPFRQ
VKRZHGWKHDQDO\VLVUHVXOWVRIWRXULVWV SHUFHSWLRQRI
VXPSWLRQVWUXFWXUH
QDWXUDOHFRORJLFDOHQYLURQPHQW,WFDQEHVHHQIURP

WKHILJXUHWKDWLQWKHSHUFHSWLRQRIQDWXUDOHFRORJLFDO
(YDOXDWLRQ DQG$QDO\VLV RI7RXULVW 3HUFHS
HQYLURQPHQWWKHVFRUHUDQNLQJRIYDULRXVLQGLFDWRUV
WLRQ)XUWKHUPRUHEDVHGRQWKHTXHVWLRQQDLUHVXUYH\
DUHDVIROORZV$!$!$!$!$!$7KH
RIWRXULVWV WRXULVPSHUFHSWLRQGUDZLQJOHVVRQVIURP
VFRUHRIODNHZDWHUFOHDQOLQHVVLQGH[LVWKHKLJKHVW
SUHYLRXVVWXGLHVDQGFRPELQLQJZLWKWKHDFFHSWDQFH
DQGWKHVDWLVIDFWLRQLVWKHKLJKHVWZKLFKDUHDQG
FULWHULDIRUWKHFRQVWUXFWLRQRIUXUDOWRXULVPGHPRQ
UHVSHFWLYHO\$FFRUGLQJWRWKHVXUYH\UHVXOWV
VWUDWLRQ YLOODJHV LQ =KHMLDQJ 3URYLQFH DQ LQGLFDWRU
PRUHWKDQSHUFHQWRIWKHWRXULVWVWKRXJKWWKHZD
TXHVWLRQQDLUHZDVGHVLJQHGDQGDWRXULVWSHUFHSWLRQ
WHU TXDOLW\ LQ WKH UXUDO WRXULVW DWWUDFWLRQV LQ WKH
HYDOXDWLRQLQGH[V\VWHPZDVFRQVWUXFWHG7KHLQGL
*UHDWHU%D\DURXQG+DQJ]KRX%D\LVJRRGHQRXJK
FDWRUV\VWHPRIWKLVUHVHDUFKTXHVWLRQQDLUHZDVFRP
WRGULQNGLUHFWO\,QDGGLWLRQWRJRRGZDWHUTXDOLW\
SRVHGRIWZROHYHOVWKHILUVWOHYHOLQFOXGHGWRXULVP
KLJK JUHHQLQJ UDWH QDWXUH LG\OOLF VFHQHU\ DQG DLU
HQYLURQPHQW SHUFHSWLRQ HFRORJLFDO HQYLURQPHQW
TXDOLW\ DUH WKH RWKHU WKUHH DGYDQWDJHV RI WKH UXUDO
VRFLDO HQYLURQPHQW DQG KXPDQLVWLF HQYLURQPHQW 
WRXULVPGHVWLQDWLRQV7KHIUHVKDQGSOHDVDQWDLUDQG
WRXULVPVHUYLFHSHUFHSWLRQDQGWRXULVPFRVWSHUFHS
EHDXWLIXOQDWXUDOHQYLURQPHQWKDYHEHFRPHWKHPDLQ
WLRQWKHILUVWOHYHOLQGLFDWRUFRYHUHGVSHFLILFVHF
UHDVRQVIRUPDQ\WRXULVWVWREHWRXULVPGHVWLQDWLRQV
RQGOHYHOLQGLFDWRUV DVVKRZQLQ7DEOH 7KHLWHP
+RZHYHULQWKHSHUFHSWLRQRIWKHQDWXUDOHFRORJLFDO
HQYLURQPHQWWKHDYHUDJHORFDOYLOODJHDSSHDUDQFHLV 
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$
$
$
$
$
$
$
$
$
$

)LUVW/HYHO
1DWXUDOHFR
ORJLFDOHQYL
URQPHQW
SHUFHSWLRQ
+XPDQLVWLF
HQYLURQPHQW
SHUFHSWLRQ
7RXULVPFRVW
SHUFHSWLRQ

7$%/(
7KH(YDOXDWLRQ,QGH[7DEOHRI7RXULVW3HUFHSWLRQ
6HFRQG/HYHO
12
)LUVW/HYHO
6HFRQG/HYHO
$LUTXDOLW\
$
3XEOLFVHFXULW\VLWXDWLRQRI
1HWZRUNFRPPXQLFDWLRQVWD
&OHDQOLQHVVRIODNHZDWHU
$
6RFLDOHQYL
*UHHQLQJGHJUHHRIVFHQLF $
(QWKXVLDVPRIYLOODJHUV
URQPHQW
5XUDOLQIUDVWUXFWXUHFRQ
9LOODJHDSSHDUDQFH
$
SHUFHSWLRQ
&RPSOHWHQHVVRIWRXULVP
,G\OOLFVFHQHU\
$
,QWHJULW\VWDWXVRIWRXURSHUD
1DWXUDOVFHQHU\YLHZLQJ
$
7KHFXOWXUDOFRQQRWDWLRQ
$WWUDFWLRQVDQGGLVKHV
$
)HDWXUHGUXUDOIRONDFWLYL
6DQLWDU\FRQGLWLRQRIDWWUDF
$
&KDUDFWHULVWLFDJULFXOWXUDO $ 7RXULVPVHU
6HUYLFHDWWLWXGHRIWRXULVP
5XUDOUXLQVDQGFKDUDFWHU
6DQLWDU\FRQGLWLRQRIVFHQLF
$ YLFHSHUFHS
WLRQ
6FHQLFYLOODJHVSHFLDOW\
7UDIILFFRQYHQLHQFH
$
/RFDOFRQVXPHUSURGXFW
7KHULFKQHVVRIWRXULVWDWWUDF
$
3DUWLFLSDWLRQLQVFHQLFVSRWV
/RFDOKRPHVWD\SULFH
$


1DWXUDOVFHQHU\YLHZLQJ
,G\OOLFVFHQHU\
9LOODJHDSSHDUDQFH
*UHHQLQJGHJUHHRIVFHQLFVSRWV
&OHDQOLQHVVRIODNHZDWHU
$LUTXDOLW\
Ϭ

ϭ

Ϯ

ϯ

ϰ

ϱ
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$QDO\VLV5HVXOWVRI7RXULVWV 3HUFHSWLRQRI1DWXUDO(FRORJLFDO(QYLURQPHQW

RQO\VDWLVIDFWLRQUDWHLVRQO\7KLVPD\
EHEHFDXVHPRVWWRXULVWVFDPHIURPELJFLWLHVGXULQJ
WKHWRXULVPSHUFHSWLRQSURFHVVWKH\ZHUHHDVLHUWR
FRPSDUH ORQJWHUP OLYH LQ WKH XUEDQ HQYLURQPHQW
ZLWK WRXULVP HQYLURQPHQW DQG JHQHUDWHG D ODUJHU
SV\FKRORJLFDOJDS7KHLQGLFDWRULVDQLPSRUWDQWLP
SURYHPHQWLQWKHFRQVWUXFWLRQRIUXUDOWRXULVPLQWKH
IXWXUH

3HUFHSWLRQ RI 6RFLDO (QYLURQPHQW )LJXUH 
VKRZHGWKHDQDO\VLVUHVXOWVRIWRXULVWV VRFLDOSHUFHS
WLRQ,WFDQEHVHHQIURPWKHILJXUHWKDWWKHDYHUDJH
YDOXHDQGVDWLVIDFWLRQUDWHRIWKHHQWKXVLDVPGHJUHH
LQGLFDWRURIYLOODJHUVLQVFHQLFVSRWVDUHWKHKLJKHVW
ZKLFKDUHDQGUHVSHFWLYHO\IROORZHGE\
WKHUXUDOLQIUDVWUXFWXUHFRQVWUXFWLRQSXEOLFVHFXULW\
VLWXDWLRQ RI VFHQLF VSRWV QHWZRUN FRPPXQLFDWLRQ
FRQGLWLRQLQWHJULW\RIWRXURSHUDWRUVDQGSHUIHFWGH
JUHH RI WRXULVP JXLGDQFH$FFRUGLQJ WR WKH VXUYH\

UHVXOWVWKHYLOODJHUVLQWKHUXUDOWRXULVPGHVWLQDWLRQV
RIWKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\ZHUH
PRUHHQJDJHGLQWKHORFDOWRXULVPLQGXVWU\DQGWKH
YLOODJHUVHQJDJHGLQWRXULVPDUHUHODWLYHO\VLPSOHVR
WKH\VKRZHGKLJKVDWLVIDFWLRQLQWHUPVRIWKHHQWKX
VLDVPDQGIULHQGOLQHVVRIWKHWRXULVWVWRWKHORFDOYLO
ODJHUV7KHDYHUDJHYDOXHDQGVDWLVIDFWLRQUDWHRIWKH
WKUHH LQGLFDWRUV RI WRXULVW RSHUDWRUV  LQWHJULW\ QHW
ZRUNFRPPXQLFDWLRQDQGVFHQLFVSRWV SXEOLFVHFX
ULW\DUHFORVHWRHDFKRWKHUDQGWKHDYHUDJHOHYHOLV
JHQHUDOZKLFKEHORQJVWRWKHLQGLFDWRUVWKDWQHHGWR
EHLPSURYHG,QWKHHYDOXDWLRQRIVRFLDOHQYLURQPHQW
SHUFHSWLRQWKHDYHUDJHYDOXHDQGVDWLVIDFWLRQUDWHRI
WRXULVP JXLGDQFH SHUIHFWLRQ GHJUHH DUH WKH ORZHVW
ZKLFK EHORQJ WR WKH LQGLFDWRU LQ QHHG RI LPSURYH
PHQW7KURXJKWKHLQYHVWLJDWLRQDQGDQDO\VLVRIUHS
UHVHQWDWLYHUXUDOWRXULVWDWWUDFWLRQVLQWKHVHYHQPDMRU
FLWLHVLQWKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\
LWFDQEHIRXQGWKDWPRVWUXUDOWRXULVWGHVWLQDWLRQV
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,QWHJULW\VWDWXVRIWRXURSHUDWRUV
&RPSOHWHQHVVRIWRXULVPJXLGDQFH
5XUDOLQIUDVWUXFWXUHFRQVWUXFWLRQ
(QWKXVLDVPRIYLOODJHUV
1HWZRUNFRPPXQLFDWLRQVWDWXV
3XEOLFVHFXULW\VLWXDWLRQRIVFHQLFVSRWV
Ϭ

Ϭ͕ϱ
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$QDO\VLV5HVXOWVRI7RXULVWV 6RFLDO(QYLURQPHQW3HUFHSWLRQ

5XUDOUXLQVDQGFKDUDFWHULVWLFEXLOGLQJV
&KDUDFWHULVWLFDJULFXOWXUDOUHVRXUFHV
)HDWXUHGUXUDOIRONDFWLYLWLHV
&XOWXUDOFRQQRWDWLRQRIUXUDOWRXULVP
/RFDOKRPHVWD\SULFH
/RFDOFRQVXPHUSURGXFWSULFHV
7UDIILFFRQYHQLHQFH
Ϭ

Ϭ͕ϱ

ϭ

ϭ͕ϱ

Ϯ

Ϯ͕ϱ

ϯ

ϯ͕ϱ

ϰ
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$QDO\VLV5HVXOWVRI7RXULVWV +XPDQLVWLF(QYLURQPHQWDQG7RXULVP&RVW3HUFHSWLRQ

KDYH PDQ\ SUREOHPV LQ WHUPV RI VFHQLF VSRWV DQG
SXEOLFIDFLOLWLHVJXLGHOLQHV7KHPDLQPDQLIHVWDWLRQ
LVWKDWWKHORFDWLRQRIWKHVLJQVLVLQFRQVSLFXRXVWKH
VSDWLDODUUDQJHPHQWRIWKHFDUGVLVVFDWWHUHGDQGGLV
RUGHUO\HWFZKLFKFDXVLQJWRXULVWVWRKDYHDQREYL
RXVVHQVHRIGLUHFWLRQGXULQJWUDYHO

$QDO\VLV5HVXOWVRI7RXULVWV 6RFLDOKXPDQ
LVWLF 3HUFHSWLRQ )LJXUH  VKRZHG WKH DQDO\VLV UH
VXOWV RI WRXULVWV  SHUFHSWLRQ RI KXPDQLVWLF HQYLURQ
PHQWDQGWRXULVPFRVW,WFDQEHVHHQIURPWKHILJXUH
WKDWWKHHYDOXDWLRQRIYDULRXVLQGLFDWRUVRIKXPDQ
LVWLF HQYLURQPHQW DQG WRXULVWV  WRXULVP FRVW LVUHOD
WLYHO\ ORZ ZLWK WKH PHDQ YDOXH OHVV WKDQ 
7KURXJKDODUJHQXPEHURIOLWHUDWXUHUHDGLQJLWFDQ
EHIRXQGWKDWWKHFRQYHQLHQFHRIWUDQVSRUWDWLRQLVDQ
LPSRUWDQWIDFWRUDIIHFWLQJWKHORFDOHFRQRPLFGHYHO
RSPHQWDQGFXOWXUDOFRPPXQLFDWLRQ)URPWKHVXU
YH\UHVXOWVLWFDQEHIRXQGWKDWWRXULVPDURXQGFLWLHV
ZLWKFRQYHQLHQWWUDQVSRUWDWLRQKDVEHFRPHWKHILUVW
FKRLFHIRUPRVWWRXULVWV%XWWKHVFRUHRIFRQYHQLHQW
WUDQVSRUWDWLRQLQGH[LVRQO\DQGWKHVDWLVIDFWLRQ
UDWHLVRQO\ZKLFKLQGLFDWHGWKDWPRVWRIWKH

UXUDO WRXULVW DWWUDFWLRQV LQ WKH *UHDWHU %D\ $UHD
DURXQG+DQJ]KRX%D\VWLOOKDYHJUHDWURRPIRULP
SURYHPHQW2QWKHRWKHUKDQGWKHDYHUDJHSULFHRI
KRPHODQGVWD\ DFFRPPRGDWLRQ LQ VFHQLF VSRWV DQG
WKH SULFHV RI ORFDO FRQVXPHU FRPPRGLWLHV DUH DOVR
ORZ7KLVLVPDLQO\EHFDXVHWKHFRQVXPSWLRQLQVFH
QLFVSRWVUHPDLQHGXQFKDQJHGDOOWKH\HDUURXQGEXW
GXH WR WKH VODFN DQG SHDN VHDVRQV RI WRXULVP LW LV
HDV\IRUWRXULVWVWRIHHOWKDWWKHUDWLRRISHUIRUPDQFH
WRSULFHLVQRWKLJK

7UDYHO6HUYLFH3HUFHSWLRQ7RXULVPVHUYLFHLV
WKHFRUHFRPSHWLWLYHQHVVRIPRGHUQVFHQLFVSRWWRXU
LVP 7KH VHUYLFH VDWLVIDFWLRQ RI WRXULVWV WR VFHQLF
VSRWVLVYHU\LPSRUWDQWWRWKHGHYHORSPHQWRIORFDO
WRXULVP)LJXUHVKRZHGWKHDQDO\VLVUHVXOWVRIWRXU
LVWV SHUFHSWLRQRIWRXULVPVHUYLFH)URPWKHDQDO\VLV
UHVXOWVLWFDQEHVHHQWKDWWKHDYHUDJHYDOXHDQGVDW
LVIDFWLRQUDWHRIYDULRXVLQGLFDWRUVVXFKDVVHUYLFHDW
WLWXGHVHUYLFHTXDOLW\VDQLWDWLRQVWDWXVDQGRWKHULQ
GLFDWRUVFRYHULQJDOODVSHFWVRIWRXULVPDUHQRWKLJK
2QWKHRQHKDQGWKURXJKWKHDQDO\VLVRIULFKQHVVRI
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FLDO(QYLURQPHQW+XPDQLVWLFDQGVRFLDOHQYLURQ
PHQWLVWKHHPERGLPHQWRIVRIWSRZHULQWKHSURFHVV
RI UXUDO WRXULVP FRQVWUXFWLRQ:KLOH RSWLPL]LQJ LWV
RZQHFRORJLFDOHQYLURQPHQWLWDFWLYHO\H[SORUHGWKH
FXOWXUDOFRQQRWDWLRQRIORFDOVFHQLFVSRWVWRSURPRWH
WKHGHYHORSPHQWRIUXUDOWRXULVPWRDKLJKHUOHYHO
7KHSDWKRIRSWLPL]LQJWKHKXPDQLVWLFDQGVRFLDOHQ
YLURQPHQWPDLQO\LQFOXGHGWKHRSWLPL]DWLRQRIWRXU
LVP FXOWXUH FRQQRWDWLRQ HWKQLF UXUDO FKDUDFWHULVWLF
DFWLYLWLHVUXUDOUXLQVDQGFKDUDFWHULVWLFDUFKLWHFWXUH
VFHQLFVSRWFXOWXUHDQGRWKHUDVSHFWV>@&RP
ELQLQJWKHUHVXOWVRIWKHDERYHTXHVWLRQQDLUHVXUYH\
WKLV VWXG\ ZLOO PDLQO\ SURSRVH FRUUHVSRQGLQJ RSWL
PL]DWLRQ VWUDWHJLHV IURP WKH IROORZLQJ SRLQWV ķ
7R LQKHULW WKH WUDGLWLRQDO FXOWXUH RI -LDQJVX DQG
=KHMLDQJ SURYLQFH DQG JUDGXDOO\ GHYHORS WKH IRON
FXVWRP PRYHPHQW 7KH *UHDWHU %D\ $UHD DURXQG
+DQJ]KRX %D\ ORFDWHG LQ -LDQJVX DQG =KHMLDQJ
SURYLQFH LV KRPH WR QXPHURXV IRON DUW DFWLYLWLHV
VXFK DV EDPERR KRUVH GDQFLQJ OLRQ GDQFLQJ ODQG
ERDWLQJDQGRSHUDSHUIRUPDQFHV%\FRPELQLQJIRON
VSRUWVZLWKVRFLDODQGWHFKQRORJLFDOPHDQVWRXULVP
VSRUWVZLWKORFDOFKDUDFWHULVWLFVDUHGHYHORSHGWRIXU
WKHUGHHSHQWRXULVWV LPSUHVVLRQRIVFHQLFVSRWVZKLOH
WUDGLWLRQDOQDWLRQDOFXOWXUHLVEHLQJSUDFWLFHG ĸ 7R
SURWHFWUXUDOFXOWXUDOVLWHVDQGKLJKOLJKWWKHORFDODU
FKLWHFWXUDOIHDWXUHV7KHUHDUHPDQ\FXOWXUDOVLWHVLQ
WKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\VXFKDV
+XDJXR 7HPSOH VLWH DQG <LQJVKDQ $FDGHP\ VLWH
(DFK VLWH KDV LWV RZQ W\SLFDO DUFKLWHFWXUDO VW\OH
%DVHG RQ WKLV ORFDO VFHQLF VSRWV DQG VKRSV FDQ EH
WUDQVIRUPHGLQWRDQWLTXHVW\OHWRKLJKOLJKWVWURQJOR
FDO FKDUDFWHULVWLFV DQG FUHDWH XQLTXH UXUDO FXOWXUDO
WRXULVPFKDUDFWHULVWLFV

0DUNHW([SDQVLRQDQG2SHUDWLRQ6WUDWHJ\
7KHGHYHORSPHQWRIUXUDOWRXULVPLVGLIIHUHQWIURP
WKDW RI WUDGLWLRQDO EXVLQHVV FLUFOH WRXULVP DQG KDV
PRUHVWURQJORFDOFXOWXUDOFKDUDFWHULVWLFV+RZHYHU
XQGHUWKHLPSDFWRIUDSLGFRQVXPSWLRQLQUHFHQW 

WRXULVWDWWUDFWLRQVSURMHFWVDQGWKHGHJUHHRISDUWLFL
SDWLRQRIWRXULVWVLWFDQEHIRXQGWKDWZLWKWKHDGYHQW
RIWKHHUDRI,QWHUQHWWKHVFHQLFVSRWVKDYHDOVRLQ
WURGXFHGPRUHDQGPRUHLQWHUHVWLQJWRXULVPSURMHFWV
VXFKDVJUHHQZD\F\FOLQJSDUHQWFKLOGWULSVDQG95
XQGHUZDWHULPSUHVVLRQVHWF+RZHYHUPRVWDFWLYL
WLHVZHUHRQO\RSHQGXULQJWRXULVPSHDNVHDVRQVGXH
WRRSHUDWLQJFRVWVZKLFKJUHDWO\UHGXFHGWKHSDUWLF
LSDWLRQDQGH[SHULHQFHRIWRXULVWV2QWKHRWKHUKDQG
WKHUHLVURRPIRULPSURYHPHQWLQWKHVDQLWDU\FRQGL
WLRQVRIUHVWDXUDQWVDQGKRPHODQGVWD\DQGWKHVHU
YLFHDWWLWXGHVRIWRXULVPSUDFWLWLRQHUV:LWKWKHDG
YHQWRIWKHPRELOH,QWHUQHWHUDPRUHDQGPRUHWRXU
LVWV FKRRVHKRPHODQGVWD\ WKURXJKRQOLQHERRNLQJ
7KH VDQLWDU\ FRQGLWLRQV DQG VHUYLFH DWWLWXGHV RI
KRPHODQGVWD\ UDWHG E\ VWDUV ZLOO JUHDWO\ UHGXFH
WRXULVWV SHUFHSWLRQRIORFDOWRXULVPVHUYLFHV

$Q 2SWLPL]DWLRQ 6WUDWHJ\ IRU WKH 'HYHORS
PHQWRI5XUDO7RXULVPLQWKH*UHDWHU%D\$UHD
DURXQG +DQJ]KRX %D\ %DVHG RQ 7RXULVWV  3HU
FHLYHG9DOXH$FFRUGLQJWRWKHDQDO\VLVRIWRXULVWV 
SHUFHSWLRQLQWKLVUHVHDUFKLWFDQEHVHHQWKDWWRXU
LVWV VDWLVIDFWLRQZLWKWKHSHRSOHVRFLDOHQYLURQPHQW
WRXULVPFRVWDQGWRXULVPVHUYLFHLQWKHUXUDOWRXULVP
VFHQLFDUHDLQWKH*UHDW%D\DURXQG+DQJ]KRX%D\
LVQRWKLJKZKLFKLVHPERGLHGLQWKHSRRUKXPDQ
LVWLFHQYLURQPHQWDQGWKHODFNRIFXOWXUDOKHULWDJHRI
UXUDO WRXULVP LQ WKH UXUDO WRXULVP VFHQLF DUHD 7KH
WRXULVPSURMHFWVDQGSURGXFWVRIWKHVFHQLFVSRWDUH
VHULRXVO\ KRPRJHQL]HG WKH WRXULVW VWUXFWXUH RI WKH
VFHQLFVSRWLVVLQJOHWKHSURIHVVLRQDOTXDOLW\RIWKH
VFHQLFVSRWVWDIILVORZDQGWKHVHUYLFHDWWLWXGHLVQRW
JRRG DQG VR RQ7KHUHIRUH LQ YLHZ RI WKH H[LVWLQJ
SUREOHPVWKLVUHVHDUFKSURSRVHGFRUUHVSRQGLQJRS
WLPL]DWLRQVWUDWHJLHVIURPWKUHHDVSHFWVKXPDQLVWLF
DQGVRFLDOHQYLURQPHQWPDUNHWH[SDQVLRQDQGRSHU
DWLRQVFHQLFVSRWSURGXFWVDQGWRXULVPVHUYLFHV

2SWLPL]DWLRQ6WUDWHJ\RI+XPDQLW\DQG6R

3DUWLFLSDWLRQLQVFHQLFVSRWVDQGWRXULVP«
7KHULFKQHVVRIWRXULVWDWWUDFWLRQV
6FHQLF9LOODJH6SHFLDOW\3URGXFWV
6DQLWDU\FRQGLWLRQRIVFHQLFVSRWV
6HUYLFH$WWLWXGHVRI7RXULVP3UDFWLWLRQHUV
6DQLWDU\FRQGLWLRQRIDWWUDFWLRQVDQG«
$WWUDFWLRQVDQGGLVKHV
Ϭ
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VWDWXVRIVHYHQUHSUHVHQWDWLYHUXUDOWRXULVWDWWUDFWLRQV
LQWKH*UHDWHU%D\$UHDDURXQG+DQJ]KRX%D\IURP
WKH SHUVSHFWLYHV RI HFRORJLFDO HQYLURQPHQW VRFLDO
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RESEARCH ON APPLICATION OF GREEN BUILDING
TECHNOLOGY IN GREEN ECOLOGICAL CITY
Kaifeng Chu*
Anhui University of Science and Technology, Anhui Huainan 232001, China

become more and more convenient. However, with
the increasing urban population, urban construction
land accounts for a large proportion of urban
construction land. It accounts for a large proportion
of the urban area of about 27% (as shown in Figure
1), which is followed by a sharp increase in energy
consumption and environmental pollution. As we
all know, energy shortage and environmental
pollution are global problems, and China is also
facing these problems. In 2017, the total energy
production of China was 3,585 million tons of
standard coal, while the total energy consumption
was 4,485,291,400 tons of standard coal [1]. The
total energy consumption of the construction
industry has been increased year by year, from
about 70 million tons of standard coal to more than
85 million tons of standard coal, and the proportion
of total energy consumption is also on the rise,
rising from 1.68% to 1.91% (as shown in Figure 2).
It can be seen that the China’s construction industry
is a large energy consumption, and the increasing
energy consumption will affect the sustainable
development of China's economy, which is contrary
to the construction of an ecological city that is
highly coordinated and harmonious with society,
economy, culture and nature [2]. Therefore,
reducing the energy consumption of the
construction industry will be an inevitable
requirement for the sustainable development of the
current and future construction industry.
Green building technology utilizes green
energy-saving design concepts and science and
technology to create green buildings that protect the
environment, save energy, reduce environmental
pollution, provide people with suitable, healthy and
efficient living spaces, and realize the harmonious
coexistence between man and nature within the life
cycle.[ 3,4]. From the perspective of the ecological
environment, the application of green building
technology enables effective control of resource
waste. Therefore, the development of green and
energy-saving building technology will become the
only way to save energy and reduce consumption in
the construction industry [5].
This paper first elaborated the concept of
green building technology and ecological city, and
analyzed the relationship between the two, and then
adopted literature and theoretical research and

ABSTRACT
The construction of green ecological city is a
key factor that affects whether society can develop
sustainably. Buildings are an important part of the
city. Green buildings can play a role in protecting
the environment, saving resources, and thus
reducing pollution, directly affecting the
construction of ecological cities. In recent years,
with the rapid development of science and
technology, the application of green building
technology in green ecological cities has become a
hot research direction, and it has become possible
to use environmentally friendly and energy-saving
building materials to achieve green construction.
This paper first described the concept of green
building technology and ecological city, and
analyzed the relationship between the two, and then
used literature and theoretical research methods to
elaborate on the concept of green building
technology and eco-city and their relationship, and
clarified the importance of environmental
protection and energy-saving buildings materials
for green building and eco-city construction, and
summarized the three important environmental
protection and energy saving materials of modified
traditional materials, natural environmental
protection materials and recycled materials, and
finally the application of the materials is analyzed
specifically through the engineering case study
method, pointing out the important role of green
building technology based on environmental
protection and energy saving building materials in
ecological construction and providing reference for
the use of green building technology to build
ecological cities.
KEYWORDS:
Green building technology, Green ecological city,
Application

INTRODUCTION
In recent years, with the continuous
acceleration of China’s urbanization process, the
development of various technologies, and the
construction of urban housing, people’s lives have
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FIGURE 1
City Construction Completion from 2014 to 2018

FIGURE 2
China's Total Energy Consumption and Energy Consumption in Construction Industry
engineering case analysis methods to analyze the
specific application cases of green building
technology with environmental protection and
energy saving building materials as the starting
point , and pointed out the specific role of
engineering cases in ecological construction to
provide reference for the use of green building
technology to build eco-cities.

building technology in eco-city, and explained the
concept of green building technology and eco-city
and their relationship, clarified the importance of
environmentally friendly and energy-saving
building materials for the construction of green
buildings and ecological cities, and summarized the
three important environmental protection and
energy-saving materials of modified traditional
materials,
natural
environmentally friendly
materials and recycled materials. The application
has been specifically analyzed to clearly point out
the important role of green building technology
based on environmentally friendly and energysaving building materials in ecological construction
[6].

MATERIALS AND METHODS
Literature and Theoretical Research
Reviewed the literature for works and research
materials on green building technology and ecocities, comprehensively and correctly understood
and mastered the application research of green

Engineering Case Analysis By summarizing
and logically analyzing excellent engineering cases,
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this paper sorted out the current status and
development trend of green building technology in
energy conservation and environmental protection
in ecological city construction, hoping to get the
right method of energy conservation and
environmental protection in ecological city
construction based on the experience of existing
cases, so as to avoid unnecessary mistakes and
waste occurrence. This paper mainly analyzed the
application of building consumables, a key element
in green building technology, through engineering
case studies.

Fresenius Environmental Bulletin

ecological city construction, green building
technology continues to develop, so the green
ecological city will be a green building to achieve
leaps and bounds development of the base and
cradle.
Research on the Application of Green
Building Materials in Urban Energy Saving and
Environmental Protection. Modified Traditional
Material. As people's demands for the living
environment are further improved, the construction
of eco-city is further advanced. Traditional building
materials such as high energy consumption and
high pollution such as concrete, glass and paint can
no longer meet the construction of eco-city. After
being modified, traditional building materials such
as concrete, glass, and coatings not only have the
original basic functions, but also have a series of
environmental-related features, such as energy
saving, heat preservation, and pollution prevention.
Figure 3(a), (b) and (c) show the energy distribution
diagram of porous concrete, sunlight through LowE insulating glass and architectural coatings. As
shown in Figure 3(a), porous ecological concrete is
a honeycomb structure. Based on its special
structure, the strength of coarse aggregate is high,
while the strength of slurry and interface is
relatively weak between slurry and coarse
aggregate. In addition, the coating thickness of the
slurry is very thin. As a result, the destruction of
porous ecological concrete mainly occurs at the
adhesion points between coarse aggregates.
Therefore, compared with ordinary concrete, it has
higher strength. As shown in Figure 3(b), Low-E
insulating glass is in the middle of 3 pieces of lowemissivity coated glass. The intermediate cavity
always keeps dry gas. Its unique spatial structure
can block the passage of heat conduction, thereby
effectively reducing its transfer coefficient, with
energy saving, sound insulation and environmental
protection functions. As shown in Figure 3(c), the
particles in the middle of the paint are hollow
ceramic particles, which can more effectively
absorb and reflect the incident energy, and play a
role in energy saving and environmental protection.
Therefore, the use of modified traditional materials
in buildings can not only save costs, but also reduce
building energy consumption and pollution, which
is beneficial to the construction of ecological cities
[10]. Table 1 summarizes the classification and
specific applications of the current main modified
traditional materials.

RESULTS AND DISCUSSION
Interrelationship between Green Building
Technologies and Eco-cities. Green Building
Technology Concept. Considered from the level of
adopted technology, green building technology
includes: ᬅSoft technology: adopting advanced
design methods and concepts, and using
professional simulation software for architectural
design to carry out comprehensive and meticulous
design of building thermal engineering, heat island,
sunlight, wind field, ventilation and lighting.
ᬆHard technology: the use of high-performance
envelope structural components, energy-efficient
heating and cooling systems, efficient HVAC
equipment, and the use of renewable energy
utilization technologies, such as solar collectors,
biogas, underground energy storage (underground
air ducts, direct use of groundwater); seawater for
energy, sewage and waste heat utilization; solar
photovoltaic panels, light pipes, wind energy
generators, etc. [7].
Eco-city Concept. Eco-city is a social
relationship based on the principles of ecology in
which nature, economy and society develop
harmoniously. It is a production and lifestyle that
uses environmental resources to achieve sustainable
social development. In a narrow sense, it is to carry
out urban design in accordance with ecological
principles to establish a harmonious, efficient and
healthy environment suitable for human
settlements. Eco-city is a highly coordinated
composite ecosystem of economy, society, culture
and nature, with the function of co-existence
between man and nature [8,9].
Interrelationship between Green Building
Technologies and Green Eco-cities. Green
building technology realizes energy saving and
environmental protection of buildings through both
soft and hard technologies, and creates green
buildings. Green buildings are the most important
symbol of green ecological cities, and are the
specific content and key measures of ecological city
construction. And due to the requirements of green

Natural and Environmentally Friendly
Materials. Many of today's buildings, whether in
terms of materials, characteristics or forms, run
counter to the development of natural ecology,
ruthlessly devouring increasingly scarce natural
resources and destroying the tranquil and
harmonious natural beauty. As an important
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TABLE 1
Classification and Application of Modified Traditional Materials
Category
Ecological
concrete

New Glass

New
Coatings

Environmental characteristics
It has high strength, renewable, permeable, sound absorption
and other ecological functions, which can reduce the pollution
to the environment and play the role of improving the
ecological environment at the same time.
It has the functions of shading, heat preservation, heat
insulation, sound insulation, self-cleaning and photoelectric
conversion, which can reduce the environmental load and save
energy.
The new coating has low content of harmful components,
friendly to the environment, and has the functions of
antibacterial, adiabatic, filtering solar radiation, self-cleaning
and intelligence.

Specific application cases
Highway High Slope Greening Landscape Construction of
Approach Highway Slope in Phase I
of Shenhua State-China Qingyuan
Power Plant
Commercial Building - Water Bay
Ginza Building

Commercial Architecture - China

(a)

(b)

(c)
FIGURE 3
(a) Porous Concrete, (b) Schematic Representation of the Energy Distribution of Sunlight through Low-E
Insulating Glass, (c) Schematic Representation of the Energy Distribution of Sunlight through
Architectural coatings.
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industry in an ecological city, the construction
industry has an unshirkable responsibility to create
a good ecological environment at a time when the
ecological environment is deteriorating. The use of
natural materials such as wood, bamboo, stone, and
paper as building materials has very positive
significance for the environment, economy, and
society [10-12].
First of all, in terms of the environment,
natural materials can be used locally, and the
materials can be used after simple processing,
which avoids the resource, energy consumption and
carbon emissions in the production and
transportation of industrialized materials. Secondly,
in terms of economy, using natural materials and
hiring local workers can maximize the return of
funds to the local area and increase local income
and employment. At the same time, after this
technical system is updated and a certain scale of
skilled craftsmen is trained, the cost of construction
will be further reduced, and the cost will also be
saved. Finally, in terms of social development, the
rational use of natural materials is bound to show a
reasonable and logical regional architectural form,
which just carries the local culture and lifestyle.
The impact on the environmental, economic and
social levels are perfectly matched to the
requirements of an eco-city.

Fresenius Environmental Bulletin

the reprocessing of waste after industrial use, those
from social activities, and those from agricultural
production [13]. Figure 4 shows the application
framework of recycled materials, including raw
material sources, typical materials, and specific
applications. It mainly lists applications in
environmental protection, energy conservation, and
architectural art design, which are closely related to
the construction of green ecological cities.
Case Studies of Specific Applications of
Green Building Materials. Application of
Ecological Concrete. Cast-in-place ecological
concrete is a new type of ecological concrete slope
protection technology that considers the impact on
the environment when applied to slope treatment
and protection [14]. Figure 5 is an analysis diagram
of the ecological concrete experimental block,
which is composed of vegetation concrete added
with bacteria A and B, porous concrete layer and
nutrient solution. The concrete has great application
value in the fields of ecological city construction
and environmental protection. The use of ecological
concrete for the ecological restoration of vegetation
destroyed in construction has become an effective
way to reduce the impact of construction on the
ecological environment.
Application of Compressive, High-strength,
Energy-saving and Environmentally Friendly
New Glass. The new type of glass is a glass that
has achieved innovations and breakthroughs in
traditional glass, and has significantly improved
performance in all aspects compared with the
original traditional materials. The application fields
of the new type of glass are more extensive and can
well meet the new needs of mankind. At present,

Recycled Materials. Recycled materials refer
to new materials processed from waste resources
after use. The use of recycled materials can
effectively save resources, reduce environmental
pressure, reduce the impact of waste on the natural
environment, and play a role in energy conservation
and environmental protection. There are three main
types of recycled materials, including those from

FIGURE 4
Framework for the Application of Recycled Materials
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FIGURE 5
Anatomy of an Ecological Concrete Test Block
the new types widely used in the construction
industry mainly include tempered glass, flat glass,
laminated glass, and energy-saving glass. The
application of energy-saving glass will help the
construction industry to save energy and reduce
consumption, as well as the construction of
ecological cities [15-18].
The current energy-saving glass is mainly
hollow glass processed based on Low-E glass
(including online and offline processes). To meet
the requirements of building safety, sometimes it
must be tempered and laminated [19-21]. Low-E
glass tempered insulating glass is used in the Shui
Bei Ginza Building in Shenzhen.
Figure 6 shows the Shuibei Ginza Building,
with a construction area of 40,000.00 , located in
the center of Luohu District, Shenzhen, with
convenient transportation to the Shui Bei Station of
Metro Line 3. With the gold jewelry industry as its
core, the Shuibei Ginza Building is an urban
characteristic building that combines the functions
of exhibition and sales, R&D and design,
headquarters management and operation, and
tourism and leisure shopping. The building design
uses a Low-E tempered insulating glass, which

combines the characteristics of Low-E glass,
tempered glass and insulating glass with high
compressive strength and remarkable energy-saving
effect, making it an environmentally friendly and
energy-saving material.
Application of new fireproof and
environmentally friendly coatings. Located in the
heart of Beijing's central business district, "China
Zun" has set a number of "world records" and
"Chinese records", and is the tallest building under
construction in an 8-degree earthquake-proofing
zone (Figure 7). With the world's largest base area
of 6,084 m² and the world's largest interface of 64
m², the multi-cavity, steel-tube-concrete megacolumn provides a solid foundation for the building.
Such a "national treasure" has very strict
requirements for quality in architectural coating
applications. According to the functional
requirements of different areas of China Zun, a fullsystem coating solution such as tough and crackproof exterior walls, environmentally friendly and
fire resistance interior walls, and non-fiber dust-free
floors are adopted.

FIGURE 6
Shui Pui Ginza Building
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FIGURE 7
China Zun

FIGURE 8
Lan Ha Bay Bamboo Resort Vietnam

FIGURE 9
Temporary Pavilion Made up of Recycled Mattress Springs
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Due to the special location and height of the
roof apron, the weathering performance is required
to be high. The water-based fluorocarbon metallic
paint is applied, which not only creates an elegant
metal texture effect for the space, but also has
excellent weather resistance, waterproof, and antifouling performance. The coating is as long as new,
with a service life of more than 20 years, which
greatly reduces the frequency of maintenance of the
"super-elevation" of the building. Inorganic
coatings are used for interior walls, which contain
virtually no organic components and are inherently
Class A combustion resistant, with extremely low
heat release rates, effectively blocking contact
between open flames and the substrate. After
testing, the inorganic interior wall paint series emit
very little harmful gas and smoke, and it is
extremely safe. The interior space uses interior wall
products with various functions such as
environmental protection and clean smell, scrub
resistance and mildew resistance to meet the
coating needs of different spaces [22,23].

Fresenius Environmental Bulletin

CONCLUSIONS
With the development of China's economy and
society and the further advancement of the
urbanization process, there are more and more
urban buildings, and the energy consumption of
urban construction continues to increase. Energy
shortageand environmental pollution have become
the main problems restricting the construction of
green ecological cities. Buildings are closely related
to energy and the environment throughout their life
cycle. The application of green building technology
can effectively save energy and protect the
environment. Building materials are an important
part of building engineering. The reasonable
application of energy-saving and environmentallyfriendly materials in the process of building
construction can effectively reduce energy
consumption and improve the environment.
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long history of use in many areas. In some
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used in many ways. Bamboo is cheap, is easy to
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and replace, and causes minimal harm to the
environment when dismantled or remodeled after
use, making it a good building material.
Lan Ha Bay Bamboo Resort in Vietnam can
accommodate 160 guests and is located on a
beautiful island in the Cat Ba Islands, a famous
tourist resort in Vietnam (Figure 8). The resort
consists of five cabins, a restaurant and a pavilion.
The main building material is bamboo, which is an
environmentally friendly material without affecting
the natural beauty of the bay. These bamboos are
made in a craft village in Vietnam. The bamboo is
processed using a natural and traditional method,
including soaking the bamboo in mud and then
smoking it. The roof of the bamboo structure is
covered with thatch. The thin bamboo slices used
are only 40-50 mm in diameter and are assembled
by bamboo nails. Each of the 13 bamboo units is
composed of 80 straight bamboos, creating a
rhythmic wavy roof.
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,QWKLVVWXG\WKHGLIIHUHQFHVLQWKHR]RQH 2 
XSWDNH LQ Pinus bungeana Platycladus orientalis
Koelreuteria paniculata DQG Ginkgo biloba ZHUH
VWXGLHG E\ WKH VDS IORZ WHFKQLTXH ,Q WKH JURZLQJ
VHDVRQ 0D\WR2FWREHU WKHIORZGHQVLW\UHDFKHG
LWV PD[LPXP YDOXH LQ 0D\ ZKLFK ZDV  WLPHV
WKDWLQ2FWREHU7KHUDQNRUGHURIWKHPHDQYDOXHRI
VDSIORZGHQVLW\LQWKHJURZLQJVHDVRQZDVKoelreuteria paniculata  JāFPāV  ! Pinus
bungeana  JāFPāV  ! Ginkgo biloba
 JāFPāV  ! Platycladus orientalis
 JāFPāV  R]RQH FRQFHQWUDWLRQ UDQJHG
IURPȝJāPWRȝJāPGLXUQDOO\DQGWKH
GLXUQDOSDWWHUQRIYDULDWLRQUHVHPEOHGDFXUYHZLWKD
VLQJOH SHDN )XUWKHUPRUH WKH R]RQH FRQFHQWUDWLRQ
ZDVSRVLWLYHO\FRUUHODWHGZLWKWHPSHUDWXUH 5  
7KH YDULDWLRQ LQ R]RQH FDQRS\ FRQGXFWDQFH G2 
ZDVJUHDWHUWKDQWKHYDULDWLRQLQF2IRUWKHGLIIHUHQW
WUHH VSHFLHV 7KH UDQN RUGHU RI G2 DQG F2 RI WKH
GLIIHUHQWWUHHVSHFLHVZDVGinkgo biloba!Koelreuteria paniculata ! Platycladus orientalis ! Pinus
bungeanaWKHDYHUDJHF2RIWKHGLIIHUHQWWUHHVSH
FLHVZDVQPROāPāVDQGWKHPHDQYDOXH
RIG2ZDVPPROāPāVG2DQG F2IRU
Koelreuteria paniculata DQG Ginkgo biloba ZHUH
KLJKHUWKDQWKRVHIRUPinus bungeanaDQGPlatycladus orientalis VPD DQG TD ZHUH SRVLWLYHO\ FRUUH
ODWHGZLWKR]RQHFRQFHQWUDWLRQ 5 DQG
UHVSHFWLYHO\  G2 GHFUHDVHG DV VPD DQG TD LQ
FUHDVHGDQGF2LQFUHDVHGDVVPD DQGTDLQFUHDVHG
WKHUHZHUHGLIIHUHQFHVDPRQJGLIIHUHQWWUHHVSHFLHV
DQGWKHUDQNRUGHUZDVDVIROORZVKoelreuteria paniculata!Ginkgo biloba!Platycladus orientalis!
Pinus bungeana7KHR]RQHXSWDNHUDWHZDVJUHDWHU
LQEURDGOHDYHGWUHHVWKDQLQFRQLIHUVLQGLFDWLQJWKDW
Koelreuteria paniculata DQG Ginkgo biloba ZHUH
PRUHVHQVLWLYHWRR]RQHSROOXWLRQ7KHUHIRUHFRQLI
HURXVWUHHVVXFKDVPinus bungeanaDQGPlatycladus
orientalisVKRXOGEHSUHIHUHQWLDOO\HPSOR\HGIRUXU
EDQ JUHHQLQJ JLYHQ WKDW WKH\ DUH PRUH R]RQHUH
VLVWDQWWUHHVSHFLHV
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:LWK WKH GHYHORSPHQW RI FLYLOL]DWLRQ DQG WKH
DVVRFLDWHGLQFUHDVHLQYHKLFOHXVHR]RQH 2 KDVEH
FRPHDPDMRUDLUERUQHSROOXWDQW>@2LVFRQ
VLGHUHGWKHELJJHVWNLOOHURIYHJHWDWLRQ>@EHFDXVH
KLJK2FRQFHQWUDWLRQVFDQLQKLELWSODQWJURZWK>@
DQGUHGXFHWKHUDWHRIVWRPDWDOUHVSLUDWLRQDQGSKR
WRV\QWKHVLV >@ 7UHHV FDQ DEVRUE SROOXWDQWV
WKURXJKWKHLUVWRPDWDWRSXULI\DLU>@:LWKWKHDF
FHOHUDWLRQRIXUEDQL]DWLRQDODUJHQXPEHURIH[RWLF
SODQWVKDYHEHHQDUWLILFLDOO\LQWURGXFHGIRUWKHLURU
QDPHQWDO YDOXH ZKLFK KDV UHVXOWHG LQ VLJQLILFDQW
FKDQJHV LQ WKH FRPSRVLWLRQ RI XUEDQ SODQW VSHFLHV
>@ 0RUHRYHU PRVW XUEDQWUHHV UHTXLUH LUULJDWLRQ
WRPDLQWDLQDQGLPSURYHWKHLUWROHUDQFHWRWKHXUEDQ
HQYLURQPHQW>@ZKLFKIDFLOLWDWHVLQFUHDVHVLQWKH
UDWHDWZKLFKWUHHVDEVRUE2
$PDMRUJRDORIFXUUHQWUHVHDUFKLQSODQWSK\V
LRORJLFDO HFRORJ\ DQG XUEDQ HFRORJ\ LV LGHQWLI\LQJ
VXLWDEOH XUEDQ JUHHQLQJ WUHH VSHFLHV PDQDJHPHQW
PHDVXUHV DQG SODQWLQJ ORFDWLRQV WKDW LPSURYH WKH
UDWH DQG HIILFLHQF\ RI R]RQH XSWDNH E\ XUEDQ WUHHV
>@6RPHVWXGLHVKDYHVKRZQWKDWVHDVRQDODQGLQ
WHUDQQXDOFKDQJHVLQR]RQHXSWDNHDUHODUJH>@
ZKHUHDVRWKHUVWXGLHVKDYHVKRZQWKDWWKHGLIIHUHQFH
LQWKHR]RQHXSWDNHUDWHRIWUHHVLVDIIHFWHGE\HQYL
URQPHQWDOIDFWRUVVXFKDVVWRPDWDOFRQGXFWDQFH7R
GDWH IHZ VWXGLHV KDYH FKDUDFWHUL]HG WKH R]RQH XS
WDNHUDWHDWWKHFDQRS\VFDOH,QDGGLWLRQPRVWVWXG
LHVKDYHRQO\FKDUDFWHUL]HGVKRUWWHUPR]RQHXSWDNH
UDWHVRIVLQJOHWUHHVSHFLHVE\FRQWUDVWIHZVWXGLHV
KDYHH[DPLQHGWKHORQJWHUPFDQRS\R]RQHXSWDNH
RIPXOWLSOHWUHHVSHFLHV>@
+HUH VWHP VDS IORZ WHFKQRORJ\ ZDV XVHG WR
PHDVXUH GLIIHUHQW HQYLURQPHQWDO IDFWRUV DQG R]RQH
FRQFHQWUDWLRQV FDOFXODWH WKH FDQRS\ R]RQH XSWDNH
UDWHDQGFDQRS\FRQGXFWDQFHRIGLIIHUHQWWUHHVDQD
O\]HWKHIDFWRUVDIIHFWLQJWKHR]RQHXSWDNHUDWHDQG
GHWHUPLQHWKHIDFWRUVWKDWDIIHFWWKHDPRXQWRIR]RQH
DEVRUEHGE\WUHHV,QDGGLWLRQWRGLVFXVVLQJWKHUHOD
WLRQVKLSEHWZHHQWKHR]RQHXSWDNHUDWHRISODQWFDQ
RS\ DQG HQYLURQPHQWDO IDFWRUV ZH DOVR FRPSDUHG
WKHGLIIHUHQFHLQ WKHR]RQHXSWDNH RI GLIIHUHQW WUHH
VSHFLHV DQG GLVFXVVHG WKH XQGHUO\LQJ HFRORJLFDO
PHFKDQLVP *HQHUDOO\ WKH UHVXOWV RI WKLV UHVHDUFK
FRXOG EH XVHG WR LPSURYH XUEDQ HQYLURQPHQWDO DLU

.(<:25'6
2]RQH6WHP6DS)ORZ&DQRS\FRQGXFWDQFH2]RQH8S
WDNH(QYLURQPHQWDOIDFWRU
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GHGXFHG EDVHG RQ WKH UHODWLRQVKLS EHWZHHQ As DQG
'%+RIWKHVDPSOHWUHHLQHDFKGLDPHWHUFODVV7KH
WRWDO OHDI DUHD RI WKH VDPSOH WUHH ZDV REWDLQHG E\
PXOWLSO\LQJWKHSURMHFWHGDUHDRIWKHFDQRS\DQGWKH
OHDIDUHDLQGH[

(QYLURQPHQWDOIDFWRUV7KHUHZDVDIXOO\DX
WRPDWLFPHWHRURORJLFDOVWDWLRQDWWKHDFDGHPLFEDVH
ZKLFKZDVXVHGIRUWKHUHDOWLPHPRQLWRULQJRIPH
WHRURORJLFDOSDUDPHWHUVVXFKDVDLUWHPSHUDWXUH TA
ႏ KXPLGLW\ RH UDLQIDOO PPP SKRWRV\Q
WKHWLFHIIHFWLYHUDGLDWLRQ RSXPROāPāV WRWDOUD
GLDWLRQ RSZāP DQGVRLOWHPSHUDWXUHDWGLIIHUHQW
GHSWKV Tႏ  7KH VHQVRUV RI WKHVH PHWHRURORJLFDO
SDUDPHWHUV DUH GLUHFWO\ OLQNHG WR WKH GDWD FROOHFWRU
DQGXSORDGHGWRWKHVHUYHULQUHDOWLPHIRUGRZQORDG
LQJ7KHGDWDDFTXLVLWLRQLQWHUYDOZDVVHWWRK7KLV
VWDWLRQSURYLGHGUHDOWLPHPRQLWRULQJHQYLURQPHQWDO
IDFWRUGDWDIRUWKLVSURMHFW

2 FRQFHQWUDWLRQ 'DWD RQ WKH DPELHQW DLU
TXDOLW\ PRQLWRULQJ VWDWLRQ VHW XS LQ 6KXQ\L E\ WKH
%HLMLQJHQYLURQPHQWDOSURWHFWLRQPRQLWRULQJFHQWHU
ZHUH XVHG 7KH R]RQH FRQFHQWUDWLRQZDVPHDVXUHG
RQFH DQ KRXU E\ WKH PRQLWRULQJ VWDWLRQ 7KXV WKLV
VWDWLRQSURYLGHGVWDEOHUHDOWLPHDQGORQJWHUPGDWD
RQWKHR]RQHFRQFHQWUDWLRQIRUWKLVSURMHFW

6DSIORZ7KHVDSIORZRIVDSZRRGZDVPHDV
XUHG E\ D WKHUPDO GLVWULEXWLRQ SUREH 7'3  $IWHU
VDPSOH WUHHV ZHUH VHOHFWHG KROHV ZHUH GULOOHG DW
EUHDVW KHLJKW  P  RI WKH VDPSOH WUHHV XVLQJ DQ
HOHFWULFGULOO7KHSRVLWLRQVRIWKHGULOOKROHVZHUHRQ
WKH HDVWHUQ DQG ZHVWHUQIDFLQJ VLGHV RI WKH WUXQNV
7KHWUXQNVRIWKHWZRJODGLDWRUVLQWKH(DVWDQG:HVW
ZHUHYHUWLFDODQGEDVLFDOO\SDUDOOHO$IWHUGULOOLQJWKH
KROHVWKH7'3ZDVFDUHIXOO\LQVHUWHGLQWRWKHKROH
SHUSHQGLFXODU WR WKH WUXQN ZKLOH HQVXULQJ WKDW WKH
SUREHGLGQRWEHQG1H[WWKHSUREHDQGEDUNZHUH
ZUDSSHGZLWKLQVXODWLQJPDWHULDOVDQGDOXPLQXPIRLO
WR SUHYHQW UDLQ IURP HQWHULQJ DQG GDPDJLQJ WKH
SUREH,QDGGLWLRQWKHSUREHZDVDOVRSURWHFWHGIURP
GLUHFWVXQOLJKWZKLFKFDQOHDGWRHUURU$IWHUWKHLQ
VWUXPHQW ZDV LQVWDOOHG DQG SURJUDPPHG WKH GDWD
ZHUHXSORDGHGWRWKHVHUYHUHYHU\PLQIRUVWRUDJH
>@

:DWHUYDSRUSUHVVXUHGHILFLWLQDLU7KHZD
WHUYDSRUSUHVVXUHGHILFLW 93' LVXVHGWRUHIOHFWWKH
V\QHUJLVWLFHIIHFWRIWHPSHUDWXUHDQGUHODWLYHKXPLG
LW\ RQ WUHH WUDQVSLUDWLRQ >@ 93' LV DQ LPSRUWDQW
IDFWRU IRU PHDVXULQJ SODQW WUDQVSLUDWLRQ >@ :KHQ
93'LVORZVWRPDWDOFRQGXFWDQFHLQFUHDVHVDV93'
LQFUHDVHVZKLFKFDXVHVWKHVLQJOHOHDIDUHDWUDQVSL
UDWLRQ H  WR JUDGXDOO\ LQFUHDVH WR LWV PD[LPXP LI
93'FRQWLQXHVWRLQFUHDVHVWRPDWDOFRQGXFWDQFHLQ
FUHDVHVH[SRQHQWLDOO\,IWKH93'LQFUHDVHVVLJQLIL
FDQWO\WKHVWRPDWDZLOOEHSDUWLDOO\FORVHG93'ZDV
FDOFXODWHGE\WKHIROORZLQJIRUPXOD )RUPXOD 

TXDOLW\ DQG DLG WKH VHOHFWLRQ RI WUHH VSHFLHV ZLWK
VWURQJR]RQHUHVLVWDQFH



0$7(5,$/6$1'0(7+2'6

([SHULPHQWDO VLWH 6KXQ\L *DROL\LQJ EDVH RI
WKH%HLMLQJ$FDGHP\RI)RUHVWU\DQG3RPRORJ\6FL
HQFHVZDVEXLOWLQDQGLVORFDWHGDWWKHMXQFWLRQ
RI ZHVWHUQ 6KXQ\L GLVWULFW DQG &KDQJSLQJ GLVWULFW
7KH H[SHULPHQWDO VLWH LV FRQYHQLHQWO\ ORFDWHG LQ
FORVHSUR[LPLW\WRDQDUHDZLWKKLJKVSHHGWUDIILF,Q
WKLVDUHDWKHPDLQWUHHVSHFLHVDUHPinus bungeana
Platycladus orientalis 6DOL[ babylonica. Sophora
japonica, Ginkgo biloba DQG Koelreuteria paniculata 0RUHRYHU DODUJHQXPEHURIHFRQRPLFWUHHVSH
FLHVKDYHEHHQSODQWHGVXFKDVMalus pumilaPirus,
i, f., Amygdalus persica, Armeniaca vulgaris, Prunus
salicina Crataegus pinnatifida Cerasus pseudocerasus Juglans regia Diospyros kaki DQG
Ziziphus jujuba$QLQWHJUDWHGV\VWHPRIZDWHUDQG
IHUWLOL]HUZDVXVHG,QVWUXPHQWVXVHGLQFOXGHGDSKR
WRV\QWKHWLFDSSDUDWXVSODQWURRWPRQLWRULQJV\VWHP
SODQW ZDWHU SRWHQWLDO PRQLWRU VRLO ZDWHU PRQLWRU
VRLOQXWULHQWPRQLWRUILEHURSWLFVSHFWURPHWHUFDQ
RS\ DQDO\]HU DQG LPSHGDQFH VSHFWUXP DQDO\]HU
)DUP PDFKLQHV VXFK DV WUDFWRUV URWDU\ WLOOHUV DQG
SXOOLQJSHVWLFLGHVSUD\HUVZHUHDOVRXVHG

0HWKRG 6HOHFWLRQ RI VDPSOH WUHHV Pinus
bungeana Platycladus orientalis Koelreuteria paniculataDQGGinkgo biloba DUHWKHPDLQWUHHVSHFLHV
LQ%HLMLQJ7KHVDPSOHWUHHVZHUHVHOHFWHGDW6KXQ\L
*DROL\LQJEDVHRIWKH%HLMLQJ$FDGHP\RI)RUHVWU\
DQG 3RPRORJ\ 6FLHQFHV )LYH WUHHV ZHUH VDPSOHG
IURPHDFKVSHFLHVDOOVDPSOHWUHHVZHUHVWUDLJKWLQ
VKDSHDQGVKRZHGQRUPDOJURZWKEXWWKH\YDULHGLQ
GLDPHWHUWUHHKHLJKWDQGFURZQZLGWK7KHVDPSOH
WUHHVRIPinus bungeana KDGVWHPGLDPHWHUVUDQJLQJ
IURPFPWRFPDQGKHLJKWIURPPWR
 P Platycladus orientalis KDG VWHP GLDPHWHUV
UDQJLQJ IURP  FP WR  FP DQG KHLJKW IURP
PWRP Koelreuteria paniculataKDGVWHP
GLDPHWHUV UDQJLQJ IURP  FP WR  FP DQG
KHLJKWIURPPWRPDQG Ginkgo bilobaKDG
VWHP GLDPHWHUVUDQJLQJIURPFPWRFPDQG
KHLJKWIURPPWRP

7UHHFKDUDFWHULVWLFV&KHVWKHLJKWDQGGLDPH
WHUZHUHPHDVXUHGE\DFKHVWGLDPHWHUUXOHUFURZQ
GLDPHWHU ZDVPHDVXUHG XVLQJ WDSH DQG WUHH KHLJKW
ZDVPHDVXUHGE\DQDOWLPHWHU/$,ZDVXVHG
WRPHDVXUHWKHOHDIDUHDLQGH[ZKLFKZDVPHDVXUHG
HYHU\±GD\VGXULQJWKHOHDIVSUHDGLQJSHULRGDQG
RQFH D ZHHN GXULQJ RWKHU SHULRGV %DVHG RQ WKH
EUHDVW KHLJKW RI WKH WUXQN D PP GLDPHWHU ZRRG
FRUHZDVGULOOHGZLWKDJURZWKFRQH,IWKHERXQGDU\
EHWZHHQ WKH KHDUWZRRG DQG VDSZRRG ZDV FOHDU D
UXOHU ZDV XVHG WR GLUHFWO\ PHDVXUH VDSZRRG WKLFN
QHVV7KHVDSZRRGDUHD As RIWKHVDPSOHWUHHZDV
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QPROāPāV  >2@ LV WKH R]RQH FRQFHQWUDWLRQ
ȝJāP  LQ H[WHUQDO DLUGF LV WKH FDQRS\ FRQGXFW
DQFH PPROāPāV DQGWKHFRQYHUVLRQFRHIILFLHQWLV
 ZKLFK LV WKH GLIIXVLRQ FRHIILFLHQW UDWLR RI
R]RQHWRZDWHUYDSRULQDLU


5(68/76

6DS IORZ RI GLIIHUHQW WUHH VSHFLHV 7KH
FKDQJHVLQWKHVDSIORZRIGLIIHUHQWWUHHVSHFLHVZHUH
GLYLGHG LQWR GDLO\ FKDQJHV DQG PRQWKO\ FKDQJHV
IURP0D\WR2FWREHU )LJXUH %DVHGRQWKHGDLO\
FKDQJHVWKHVDSIORZGHQVLW\IURPGLIIHUHQWWUHHVSH
FLHV VKRZHG GRXEOH SHDNV DQG GRXEOH YDOOH\V LQ
FUHDVLQJDWDERXWDPUHDFKLQJDQLQLWLDOSHDN
DURXQGDPDQGWKHQIDOOLQJDQGVWDELOL]LQJDW
DORZYDOXH6DSIORZGHQVLW\DPRQJPRQWKVVKRZHG
WKHIROORZLQJUDQNRUGHU0D\ JāFPāV !
-XQH JāFPāV !$XJXVW JāFP
 
āV  ! -XO\  JāFPāV  ! 6HSWHPEHU
JāFPāV !2FWREHU JāFPāV 
7KHVDSIORZGHQVLW\LQ0D\ZDVWLPHVKLJKHU
WKDQWKDWLQ2FWREHU7KHVDSIORZGHQVLW\IRUGLIIHU
HQWWUHHVSHFLHVIURP0D\WR2FWREHUVKRZHGWKHIRO
ORZLQJUDQNRUGHUKoelreuteria paniculata 
JāFPāV !Pinus bungeana JāFPāV !
Ginkgo biloba  JāFPāV  ! Platycladus
orientalis JāFPāV 7KHVDSIORZGHQVLW\
RI Koelreuteria paniculata ZDV  WLPHV KLJKHU
WKDQWKDWRIPlatycladus orientalis.7KXVWUDQVSLUD
WLRQ ZDV VOLJKWO\ KLJKHU LQ 0D\ WKDQ LQ WKH RWKHU
PRQWKV,QDGGLWLRQWKHWUDQVSLUDWLRQRIKoelreuteria
paniculataZDVKLJKHUWKDQWKDWRIPlatycladus orientalisLQGLFDWLQJWKDWWKHWUDQVSLUDWLRQRIKoelreuteria paniculataDQGGinkgo bilobaZDVKLJKHUWKDQ
WKHWUDQVSLUDWLRQRIFRQLIHURXVWUHHV

9DULDWLRQLQWKH2FRQFHQWUDWLRQ7KHGDLO\
PHDQYDOXHLQWKHR]RQHFRQFHQWUDWLRQZDVDQDO\]HG
IURP$XJXVWWR )LJXUH 9DULDWLRQLQ
WKH2FRQFHQWUDWLRQUHVHPEOHGDFXUYHZLWKDVLQJOH
SHDNDQGWKHYDOXHRIWKH2FRQFHQWUDWLRQUDQJHG
IURP  ȝJāP DQG  ȝJāP GDLO\ ZLWK WKH
KLJKHVW YDOXHV RFFXUULQJ EHWZHHQ  DQG 
DQGWKHORZHVWEHWZHHQDQG7KHUHZDVD
SRVLWLYH FRUUHODWLRQ EHWZHHQ R]RQH FRQFHQWUDWLRQ
DQG WHPSHUDWXUH 5   7KH WHPSHUDWXUH DQG
R]RQH FRQFHQWUDWLRQ SHDNHG DW  ႏ DQG
ȝJāPUHVSHFWLYHO\  )LJXUH 7KHWHPSHU
DWXUH DW  ZDV KLJK ႏ  DQG WKH FRUUH
VSRQGLQJ R]RQH FRQFHQWUDWLRQ YDOXH ZDV KLJK
 ȝJāP  :KHQ WKH WHPSHUDWXUH ZDV ORZ
ႏ DWWKHR]RQHFRQFHQWUDWLRQYDOXHZDV
DWLWVORZHVW ȝJāP (VVHQWLDOO\WKHWHPSHUDWXUH
DQGR]RQHFRQFHQWUDWLRQVKRZHGWKHVDPHSDWWHUQRI
YDULDWLRQLQGLFDWLQJWKDWWHPSHUDWXUHKDVDJUHDWLQ
IOXHQFHRQWKHR]RQHFRQFHQWUDWLRQ

ZKHUHDEDQGFDUHFRQVWDQWVZLWKYDOXHVRI
NSDDQGႏUHVSHFWLYHO\TaLVWKHDW
PRVSKHULFWHPSHUDWXUH ႏ DQGRHLVWKHDLUKXPLG
LW\  

6DSIORZGHQVLW\6DSIORZGHQVLW\ Js UHSUH
VHQWVWUHHVWUDQVSLUDWLRQDQGZDWHUFRQVXPSWLRQ7KH
*UDQLHUHPSLULFDOIRUPXODZDVXVHGWRFDOFXODWHWKH
VDSIORZGHQVLW\LQWKLVVWXG\>@

屐

-V î屏



ZKHUHJs LVWKHGHQVLW\RIVDSIORZ JāFPāV 
G7P LV WKH PD[LPXP GDLO\ WHPSHUDWXUH GLIIHUHQFH
PHDVXUHGE\WKHSUREH ႏ DQGG7LVWKHLQVWDQWDQH
RXV WHPSHUDWXUH GLIIHUHQFH ႏ  DW D FHUWDLQ WLPH
WKDWLVWKHWHPSHUDWXUHGLIIHUHQFHPHDVXUHGDWWKDW
WLPH 

&DQRS\ WUDQVSLUDWLRQ UDWH 7KH IROORZLQJ
IRUPXODZDVXVHGWRFDOFXODWHWKHFDQRS\WUDQVSLUD
WLRQUDWH>@






ZKHUHEcLVWKHFDQRS\WUDQVSLUDWLRQUDWHRID
VDPSOHWUHH JVLVWKHGHQVLW\RIVDSIORZ JāFPāV

As LVWKHDUHDRIVDSZRRGDQGA* LVWKHFDQRS\
SURMHFWHGDUHDRQWKHJURXQG

&DQRS\FRQGXFWDQFH7KHFRQGXFWLRQRIFDU
ERQGLR[LGHZDWHUYDSRURUKHDWEHWZHHQWKHSODQW
FDQRS\ DQG DWPRVSKHUH LV FDOOHG FDQRS\ FRQGXFW
DQFH>@ZKLFKZDVFDOFXODWHGE\WKHIROORZLQJIRU
PXOD )RUPXOD 






ZKHUHEcLVWKHFDQRS\WUDQVSLUDWLRQUDWHȡLV
WKHGHQVLW\RIZDWHU NJāP Gv LVWKHJHQHUDO
JDVFRQVWDQWRIZDWHUYDSRU PN3D.NJ 
Ta LV WKH DWPRVSKHULF WHPSHUDWXUH ႏ  GF LV WKH
FDQRS\FRQGXFWDQFH PPROāPāV DQG DLVWKHDW
PRVSKHULFYDSRUSUHVVXUHGHILFLW

2XSWDNHUDWH7KH2XSWDNHUDWHZDVFDOFX
ODWHGE\WKHPHWKRGRI2FDQRS\FRQGXFWDQFH7KH
IRUPXODVZHUHDVIROORZV )RUPXODDQG 








ZKHUH G 2 LV WKH R]RQH FDQRS\ FRQGXFWDQFH
PPROāPāV  F2 LV WKH R]RQH XSWDNH UDWH




E\363

9ROXPH±1RSDJHV



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ















Platycladus orientalis



























Platycladus orientalis



Pinus bungeana














VDSIORRZGHQVLW\ JāFPāV




VDSIORRZGHQVLW\ JāFPāV



Pinus bungeana

VDSIORRZGHQVLW\ JāFPāV

VDSIORRZGHQVLW\ JāFPāV






Koelreuteria paniculata




















VDSIORRZGHQVLW\ JāFPāV





Ginkgo biloba





Ginkgo biloba




















VDSIORRZGHQVLW\ JāFPāV


Koelreuteria paniculata

VDSIORRZGHQVLW\ JāFPāV

VDSIORRZGHQVLW\ JāFPāV



),*85(
0RQWKO\DQGGDLO\YDULDWLRQLQVDSIORZGHQVLW\

7KH YDULDWLRQ LQ R]RQH FRQFHQWUDWLRQ IURP -DQXDU\
WR'HFHPEHULVVKRZQLQ)LJXUH7KHKLJKHVW
FRQFHQWUDWLRQ REVHUYHG ZDV  ȝJāP ZKLFK RF
FXUUHGLQ0D\7KHUDQNRUGHURIWKHR]RQHFRQFHQ
WUDWLRQLQGLIIHUHQWPRQWKVZDV-XQH ȝJāP 
!0D\ ȝJāP !-XO\ ȝJāP !$X
JXVW  ȝJāP  ! 6HSWHPEHU  ȝJāP  !

$SULO  ȝJāP  ! 2FWREHU  ȝJāP  !
0DUFK ȝJāP !)HEUXDU\ ȝJāP !
-DQXDU\ ȝJāP !'HFHPEHU ȝJāP 
!1RYHPEHU ȝJāP 7KHDQQXDODYHUDJHZDV
ȝJāP7KHR]RQHFRQFHQWUDWLRQZDVORZHULQ
-DQXDU\ )HEUXDU\ 1RYHPEHU DQG 'HFHPEHU 7KH
WHPSHUDWXUHLQ%HLMLQJZDVUHODWLYHO\KLJKIURP0D\
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WR $XJXVW DQG WKH R]RQH FRQFHQWUDWLRQ ZDV DOVR
KLJKHU GXULQJ WKLV WLPH ZKLFK UHIOHFWHG D SRVLWLYH
FRUUHODWLRQEHWZHHQWHPSHUDWXUHDQGR]RQHFRQFHQ
WUDWLRQ

&KDUDFWHULVWLFVRIR]RQHXSWDNHLQWKHFDQ
RS\RIGLIIHUHQWWUHHVSHFLHV9DULDWLRQLQWKHFDQ
RS\FRQGXFWDQFH GO3 DQGFDQRS\R]RQHXSWDNHUDWH
FO3 RIGLIIHUHQWWUHHVSHFLHVLVVKRZQLQ)LJXUH
&KDQJHV LQ WKH GO3 RI GLIIHUHQW WUHH VSHFLHV ZHUH
JUHDWHUWKDQFO37KHUDQNRUGHURIGO3RIGLIIHUHQW
WUHHVSHFLHVZDVGinkgo biloba PPROāPāV 
! Koelreuteria paniculata  PPROāPāV  !
Platycladus orientalis  PPROāPāV  ! Pinus
bungeana  PPROāPāV  7KH UDQN RUGHU RI
FO3ZDVWKHVDPHGinkgo biloba PPROāP
 
āV !Koelreuteria paniculata PPROāPāV 
!Platycladus orientalis PPROāPāV !Pinus
bungeana PPROāPāV GO3RIGinkgo biloba
ZDVWLPHVKLJKHUWKDQWKDWRIPinus bungeana

DQGFO3RIGinkgo bilobaZDVWLPHVKLJKHUWKDQ
WKDWRIPinus bungeana7KHUDQNRUGHURIGO3IRU
GLIIHUHQW PRQWKV ZDV DV IROORZV $XJXVW 
PPROāPāV  ! -XQH  PPROāPāV  ! 6HS
WHPEHU PPROāPāV !-XO\ PPROāPāV

 ! 2FWREHU  PPROāPāV  ! 0D\ 
PPROāPāV  7KH UDQN RUGHU RI FO3 IRU GLIIHUHQW
PRQWKV ZDV -XQH  PPROāPāV  ! $XJXVW
 PPROāPāV  ! -XO\  PPROāPāV  !
0D\  PPROāPāV  ! 6HSWHPEHU 
PPROāPāV  ! 2FWREHU  PPROāPāV  7KH
PHDQ DQQXDO FO3 DQG GO3 RI GLIIHUHQW WUHH VSHFLHV
ZHUH  PPROāPāV DQG 
PPROāPāVUHVSHFWLYHO\%RWK GO3DQGFO3ZHUH
KLJKHUIRUEURDGOHDYHGWUHHVWKDQFRQLIHURXVWUHHV
LQGLFDWLQJWKDWWKHR]RQHXSWDNHUDWHRIEURDGOHDYHG
WUHHVZDVKLJKHUGO3DQGFO3ZHUHKLJKHUIURP-XQH
WR6HSWHPEHUZKHQWKHWHPSHUDWXUHZDVKLJKHUVXJ
JHVWLQJWKDWFO3LQFUHDVHVZLWKWHPSHUDWXUH
7HPSHUDWXUH













































































7HPSHUDWXUH ႏ

2FRQFHQWUDWLRQ



2 FRQFHUQWUDWLRQ ȝJāP



7LPH
),*85(
5HODWLRQVKLSEHWZHHQWKHGLXUQDOYDULDWLRQLQR]RQHFRQFHQWUDWLRQDQGWHPSHUDWXUH

),*85(
$QQXDOYDULDWLRQLQWKHR]RQHFRQFHQWUDWLRQ
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),*85(
9DULDWLRQLQWKH2FDQRS\FRQGXFWDQFHDQG2XSWDNHUDWHRIGLIIHUHQWWUHHVSHFLHV




KLJKHU 2 FRQFHQWUDWLRQV VPD DQG Ta ZHUH SRVL
WLYHO\FRUUHODWHGZLWKWKH2FRQFHQWUDWLRQ 5 
DQGUHVSHFWLYHO\ $WWKHPD[LPXP VPD 
.SD  WKH 2 FRQFHQWUDWLRQ UHDFKHG LWV PD[LPXP
ȝJāP /LNHZLVH2FRQFHQWUDWLRQZDVDWLWV
PLQLPXP ȝJāP ZKHQVPDZDVORZ .SD 
7KH2FRQFHQWUDWLRQZDVDOVRKLJKHVW ȝJāP 
DWWKHPD[LPXP Ta ႏ :KHQTaZDVDWLWV

5HODWLRQVKLSEHWZHHQR]RQHXSWDNHDQGWKH
HQYLURQPHQW )LJXUH  VKRZV WKH UHODWLRQVKLS EH
WZHHQ2FRQFHQWUDWLRQFDQRS\FRQGXFWDQFH GO3 
2 XSWDNH UDWH FO3  ZDWHU YDSRU SUHVVXUH GHILFLW
VPD DQGWHPSHUDWXUH Ta VPDDQGTaKDGQHDUO\
VLPLODUHIIHFWVRQWKHGO3DQGFO3RIGLIIHUHQWWUHH
VSHFLHVEXWWKHUHZHUHGLIIHUHQFHVDPRQJGLIIHUHQW
WUHH VSHFLHV +LJKHU VPD DQG TD FRUUHVSRQGHG WR
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PLQLPXP ႏ 2FRQFHQWUDWLRQZDVDOVRDWLWV
PLQLPXP ȝJāP 
GO3 GHFUHDVHG DV VPD DQG Ta LQFUHDVHG 7KH
FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ GO3 DQG VPD IRU
Ginkgo biloba, Platycladus orientalis, Pinus
bungeanaDQGKoelreuteria paniculataZHUH
DQGUHVSHFWLYHO\7KHFRUUHODWLRQ
FRHIILFLHQWVEHWZHHQGO3DQGTa IRUGinkgo biloba,
Platycladus orientalis, Pinus bungeana DQG Koelreuteria paniculataZHUHDQG
 UHVSHFWLYHO\ 'LIIHUHQW WUHH VSHFLHV ZHUH DI
IHFWHGE\VPDDQGTaGLIIHUHQWO\ZKLFKVKRZHGWKH
IROORZLQJ UDQN RUGHU Koelreuteria paniculata !
Ginkgo biloba ! Platycladus orientalis ! Pinus
bungeanaFO3LQFUHDVHGDVVPDDQGTDLQFUHDVHG
7KH FRUUHODWLRQ FRHIILFLHQWV EHWZHHQ 93' DQG FO3

IRU Ginkgo biloba, Platycladus orientalis, Pinus
bungeana DQG Koelreuteria paniculata ZHUH 
  DQG  UHVSHFWLYHO\ 7KH FRUUHODWLRQ
FRHIILFLHQWVEHWZHHQTaDQGFO3 IRUGinkgo biloba,
Platycladus orientalis, Pinus bungeana DQG Koelreuteria paniculata ZHUH    DQG 
UHVSHFWLYHO\$OWKRXJKWKHVPDDQGTaRIPinus bungeana DQG Koelreuteria paniculata ZHUH
QHJDWLYHO\FRUUHODWHGZLWKFO3,WKHFRUUHODWLRQFRHI
ILFLHQWVZHUHORZGO3 DQGFO3ZHUHDIIHFWHGE\VPD
DQGTaGLIIHUHQWO\LQGLIIHUHQWWUHHVSHFLHVWKHUDQN
RUGHUIRUWKHPHDQVWUHQJWKRIWKHFRUUHODWLRQFRHIIL
FLHQWV ZDV DV IROORZV Koelreuteria paniculata !
Ginkgo biloba ! Platycladus orientalis ! Pinus
bungeana.

2 FRQFHQWUDWLRQ ȝJāP

2 FRQFHQWUDWLRQ ȝJāP

















93' .SD
















2FDQRS\FRQGXFWDQFH PPROāPāV

2FDQRS\FRQGXFWDQFH PPROāPāV


Ginkgo biloba
Platycladus orientalis
Pinus bungeana
Koelreuteria paniculata










Ginkgo biloba
Platycladus orientalis
Pinus bungeana
Koelreuteria paniculata























2 XSWDNHUDWH QPROāPāV






93' .SD





7HPSHUDWXUH ႏ



Ginkgo biloba











Ginkgo biloba
Platycladus orientalis
Pinus bungeana
Koelreuteria paniculata







93' .SD

2 XSWDNHUDWH QPROāPāV



7HPSHUDWXUH㸦ႏ㸧

Platycladus orientalis
Pinus bungeana



Koelreuteria paniculata













7HPSHUDWXUH ႏ



),*85(
5HODWLRQVKLSEHWZHHQWKHR]RQHFRQFHQWUDWLRQFDQRS\FRQGXFWDQFHR]RQHXSWDNHUDWHZDWHUYDSRU
SUHVVXUHGHILFLWDQGWHPSHUDWXUH
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H[FKDQJHLVHYDOXDWHGLQSUDFWLFHQRQVWRPDWDOGHS
RVLWLRQ FDQ EH HIIHFWLYHO\ LJQRUHG %HFDXVH RI WKH
VFDWWHULQJ RI YHJHWDWLRQ DQG JXVWV DHURG\QDPLF
PHWKRGV DUH JUHDWO\ OLPLWHG 7KXV LQIRUPDWLRQ RQ
WKHPLFURFOLPDWHR]RQHFRQFHQWUDWLRQGDWDLQDPEL
HQWDLUVDSIORZPHDVXUHPHQWDQGVWDQGFKDUDFWHULV
WLFGDWDZHUHXVHGWRHVWLPDWHWKHR]RQHXSWDNHRIWKH
ZKROHFDQRS\LQWKLVVWXG\
7KH2FRQFHQWUDWLRQZDVSRVLWLYHO\FRUUHODWHG
ZLWK WHPSHUDWXUH EHFDXVH KLJKHU WHPSHUDWXUHV DUH
PRUHFRQGXFLYHWRWKHGHFRPSRVLWLRQRISKRWRFKHP
LFDOVXEVWDQFHVLQWKHDWPRVSKHUHIXUWKHUPRUHWKH
FKHPLFDO DQG SK\VLFDO UHDFWLRQV IURP WKH GHFRP
SRVHGVXEVWDQFHVDERYHDUHFRQGXFLYHWRWKHSURGXF
WLRQRI2,IWKHH[WHUQDO2LVFRQVWDQW2XSWDNH
FDQEHDIIHFWHGE\VWRPDWDOFRQGXFWDQFHWKHFKDUDF
WHULVWLFV RI WUHHV WKHPVHOYHV DQG WKH HQYLURQPHQW
>@7KHWUHQGLQFO3 ZDVWKHVDPHDVWKHFRQFHQ
WUDWLRQ RI H[WHUQDO R]RQH ,Q PRQWKV ZLWK KLJK 2
FRQFHQWUDWLRQWKH2XSWDNHUDWHRIWUHHVZDVKLJK
,QDGGLWLRQGO3DQGFO3ZHUHDIIHFWHGE\WKHZDWHU
YDSRUSUHVVXUHGHILFLW VPD DQGWHPSHUDWXUH Ta 
:H IRXQG WKDW GO3 GHFUHDVHG DV VPD DQG Ta LQ
FUHDVHGZKHUHDVFO3 LQFUHDVHG DV VPD DQG Ta LQ
FUHDVHGKRZHYHUWKHUHZHUHGLIIHUHQFHVDPRQJGLI
IHUHQW WUHH VSHFLHV 7KHVH ILQGLQJV DUH LQFRQVLVWHQW
ZLWKWKRVHRI&KHQ>@ZKRVKRZHGWKDWERWKGO3
DQG FO3 RI PopulusL LQFUHDVHG DV VPD DQG Ta LQ
FUHDVHGEXWWKHPDJQLWXGHVGLIIHUHG7KHUHDVRQIRU
WKLVSDWWHUQPLJKWEHWKDWPDQ\WUHHVSHFLHVZHUHH[
DPLQHG LQ WKLV VWXG\ DQG EHFDXVH GO3 DQG FO3 EH
WZHHQ GLIIHUHQW VSHFLHV GLIIHUHG DQG ZHUH VWURQJO\
FRUUHODWHG ,Q DGGLWLRQ WKH WUHHV LQ WKLV VWXG\ ZHUH
UHODWLYHO\ \RXQJ ZKHUHDV WKH WUHHV LQ WKH VWXG\ RI
&KHQZHUHROGHUZKLFKPLJKWKDYHDOVRUHVXOWHGLQ
GLIIHUHQWR]RQHXSWDNHUDWHV8QGHUGLIIHUHQWR]RQH
FRQFHQWUDWLRQVFKDQJHVLQWKHWUDQVSLUDWLRQUDWHDQG
ZDWHU FRQVXPSWLRQ RI WUHHV ZHUH FRUUHODWHG >@
ZKLFK XOWLPDWHO\ DIIHFWHG WKH 2 XSWDNH SDWWHUQ RI
WUHHV 7KLV LVEHFDXVH VWRPDWD DUH WKH FRXSOLQJ EH
WZHHQWKHWUDQVSLUDWLRQUDWHDQG2XSWDNHWKHRSHQ
LQJDQGFORVLQJRIWKHVWRPDWDKDYHDQLPSRUWDQWHI
IHFWRQHQHUJ\XSWDNH


&21&/86,21

7KH VDS IORZ GHQVLW\ RI GLIIHUHQW WUHH VSHFLHV
ZDVWKHKLJKHVWLQWKHJURZLQJVHDVRQ IURP0D\±
2FWREHU HVSHFLDOO\LQ0D\ZKLFKKDGDVDSIORZ
GHQVLW\WKDWZDVWLPHVKLJKHUWKDQWKDWLQ2FWR
EHUZKHQWKHVDSIORZGHQVLW\ZDVDWLWVORZHVW7KH
UDQNRUGHURIWKHPHDQVDSIORZGHQVLW\RIGLIIHUHQW
WUHHVSHFLHVLQWKHJURZLQJVHDVRQZDVKoelreuteria
paniculata  JāFPāV  ! Pinus bungeana
JāFPāV !Ginkgo biloba JāFP
 
āV  ! Platycladus orientalis  JāFPāV 
$WWKHGDLO\VFDOHYDULDWLRQLQWKH2FRQFHQWUDWLRQ
UHVHPEOHGDFXUYHZLWKDVLQJOHSHDNDQGWKHYDOXH
RI WKH 2 FRQFHQWUDWLRQ UDQJHG EHWZHHQ  ȝJāP

',6&866,21

,QWKLVVWXG\ZHIRXQGWKDWWKH2XSWDNHUDWHV
FDOFXODWHGE\GLIIHUHQWPHWKRGVGLIIHUHG7KH2XS
WDNH GDWD FDOFXODWHG E\ WKH 8)25( PRGHO ZHUH
KLJKHU 7KH UHPRYDO UDWH RI SROOXWDQWV E\ 2 ZDV
 >@ 7KHUHIRUH WKH 2 XSWDNH IOX[ RI WUHHV
QHHGHGWREHFDOFXODWHGWRFRPSDUHGLIIHUHQWPHWK
RGVDQGWKHLUUHVXOWV7KH2XSWDNHIOX[RIWUHHVZDV
JāP JāPî JāP >@<DQJ
IRXQGWKDWWKHUHPRYDOUDWHRISROOXWDQWVE\2ZDV
 >@ DQGGHWHUPLQHG WKH 2 XSWDNH IOX[ WR EH
JāPIRUWUHHVLQ%HLMLQJ2XSWDNHUDWHVRIIRXU
WUHHVSHFLHVZHUHFDOFXODWHGLQWKLVVWXG\DQGWKHXS
WDNH IOX[HV RI Ginkgo biloba koelreuteria paniculata, Pinus bungeana DQG Platycladus orientalis
ZHUH GHWHUPLQHG E\ FRQYHUVLRQV 7KH YDOXHV ZHUH
JāPJāPJāPDQGJāPIRU
Ginkgo bilobakoelreuteria paniculata,Platycladus
orientalisDQG Pinus bungeanaUHVSHFWLYHO\LQGLFDW
LQJWKDWWKH2DEVRUEHGE\Ginkgo bilobaZDVWKH
ODUJHVWDQGWKDWRIPinus bungeanaZDVWKHVPDOOHVW
9DOXHV REWDLQHG IURP WKLV VWXG\ ZHUH ORZHU
WKDQWKRVHRI1RZDN'-DQG<DQJHWDO>@
7KHDQQXDOUHPRYDODPRXQWRISROOXWDQWVLQWKHXU
EDQFDQRS\LQWKH86$KDVEHHQSUHYLRXVO\FDOFX
ODWHGXVLQJWKH8)25(PRGHODQGUDQJHGEHWZHHQ
JāPDQGJāP>@7KHGDWDFROOHFWHGLQ
WKLVVWXG\GLIIHUHGIURPWKHUHVXOWVFDOFXODWHGIURP
WKHPRGHOEHFDXVHZHFDOFXODWHGWKH2XSWDNHUDWH
RIWKHFDQRS\LQWKLVVWXG\,QWKHFDQRS\WKHOHDYHV
DUHUHVSRQVLEOHIRUPRVWR]RQHXSWDNHDQGWKHVWR
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ABSTRACT

INTRODUCTION

The difficulty in landslide treatment is mainly
caused by the swelling-shrinkage characteristics of
swelling rock and soil. In the process of landslide,
creep deformation and swelling deformation occur
simultaneously in swelling rock and soil. In order to
explore the mechanism of swelling rock and soil
landslide, shear tests considering swelling and
creep were conducted in four modes, i.e., quick
shear test and long-term shear test with natural water content, quick shear test and long-term shear test
after swelling under vertical load. Our testing results show that the transient shear strength and
long-term shear strength degrade rapidly when rock
swells after absorbing water, characterized by the
reduction in cohesion, while the angle of friction is
nearly unchanged. Mechanism of swelling rock and
soil landslide may be illustrated as follows. Due to
the climatic wetting and drying cycles, the rock and
soil underlayers of the slope undergo repeated
swelling and shrinkage, leading to the gradual development of cracks in the rock and soil, which in
turn accelerates the water seepage. The repaid decline in strength when swelling rock and soil absorbs water eventually induces shear failure in the
slope, leading to landslide. Based on our testing
results and the successful experiences in landslide
treatment in Guangxi over the past decade, we proposed a few key technologies for landslide treatment, such as conducting necessary stability analysis under saturated condition, and performing insitu large area shear test. We provided methods for
stability analysis and thrust force calculation of
landslide (slope) with different sliding surfaces and
layers, and proposed improvement measures for
prevention such as placing sand, taking into account
the weather influenced depth, and casing immediately after hole digging.

Swelling rock refers to the rock that contains
a relatively high percentage of certain types of clay
minerals such as smectite, illite, and kaolinite and
the volume of these minerals can be significantly
varied with the change of moisture content. Swelling rock can be found in many countries including
China [1,2], Canada [3], Spain [4,5], and the United
States [6]. In China, swelling rock exists in over 20
provinces, cities, and autonomous regions. In Nanning, Baise, and Ningming of Guangxi China, for
instance, the lithology of swelling rock is mainly
composed of mudstone and silty mudstone of
Paleogene and Neogene as well as weathering
products of these mudstones [7]. Additionally, residual clay (swelling-shrinkage red clay) formed in
karstic plain and valley due to the weathering of
carbonate also belongs to the category of expansive
soil, in natural aquatic ecosystems, organic carbon
is generated through photosynthesis, and then it
enters the lithosphere through deposition and burial,
suggesting that carbon sinks caused by carbonate
weathering are not only in control of the short-timescale climate change that human society is currently
concerned about. It also has a controlling effect on
long-term climate change [8]. Because of the characteristics of swelling and shrinking in swelling
rock and soil, it is very likely to cause geological
disasters during engineering construction with
greater difficulties in treatment than those caused
by non-swelling rock and soil [9].
Although many scholars have conducted a
great deal of research and identified the mechanical
properties of swelling rock and soil, the mechanism
of landslides in swelling rock and soil has not been
fully understood and the treatment technology remains limited. Based on study of the mineral composition of swelling soil, Al-Homoud et al. [10]
discovered that the reduction in shear strength of
swelling soil is the main reason that eventually
leads to landslide when the soil absorbs water. Hou
et al. [11] proposed specific treatment measures to
improve the stability of slope with different thick

KEYWORDS:
Swelling rock and soil landslide, Shear test, Transient
shear strength, Long-term shear strength, Key treatment
technologies
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nesses covered with swelling soil based on a case
study on Three Gorges. In the early days of shallow
swelling oil landslide treatment, Liao [12] established the principle of soil-blocking rather than removal, discharging rather than plugging, and a
comprehensive treatment plan of taking soilblocking as the priority with the combination of
drainage system, water interception system, retaining structure and slope protection. Furthermore, the
code for design of special subgrade of railway presented swelling soil slope treatment principle,
which includes reducing slope ratio, widening platform, and consolidating slope toe with the combination of suitable slope protection. Meisina [13] introduced the mechanical properties of swelling rock
and soil from the North of Italy and believed that
sudden landslides are induced by the swellingshrinkage processes, which cause the generation of
cracks inside the slope. Through collecting and
summarizing 44 swelling rock and soil landslide
treatment projects in Guangxi, China, Fan et al. [14]
proposed several technical points that should be
paid attention to when treating swelling rock and
soil landslides
This work aims to explore the mechanism of
swelling rock and soil landslide through shear test
considering swelling and creep. Subsequently, we
propose several key technologies for treating swelling rock and soil landslides.
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is carried out considering expansion and creep to
study the mechanical mechanism of expansive rock
soil landslide.
Testing apparatus and samples. The improved direct shear creep apparatus produced by the
Nanjing Soil Instrument Factory in China was utilized for the shear creep test (Figure 1). Undisturbed Paleogene mudstone sample from the Nanning basin of Guangxi, China were used. The basic
physico-mechanical properties of the mudstone
samples are listed in Table 1. The cohesion and
friction angle value in the table is the transient
shear strength with natural water content under uncoupled condition. The mudstones have medium
expansibility. The samples are 6 cm in diameter and
2 cm in length (Figure 2).

MATERIALS AND METHODS
FIGURE 1
Improved direct shear creep apparatus

Mechanism of swelling rock and soil landslides. Several theories have been proposed on the
formation mechanisms of swelling rock and soil
landslides, such as the theory of progressive failure
[15, 16], hysteresis failure criterion [17], theory of
weather induced layering [18, 19], and theory of
staging and zoning [20], most of which are based
on the macro-representation of swelling rock and
soil landslides with little analysis on their mechanistic mechanisms.
Landslide refers to the instability and eventual
failure caused by the deformation (e.g., creep) of
rock and soil affected by various geologic factors
over time. For swelling rock soil slope, the rock and
soil in the slope expand and creep at the same time
because of rainfall seepage. The interaction between them makes the expansive rock and soil
landslide have different properties and mechanisms
from the general landslide. Therefore, the shear test

Water content (%)
11.1

FIGURE 2
Test rock sample

TABLE 1
Physico-mechanical parameters of the tested swelling rock
Density (g/cm3)
Cohesion (kPa)
Friction angle (°)
2.08
266
35
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Test modes. During the test, a certain normal
pressure is applied on the upper surface of the rock
sample, a certain shear force is applied on the shear
surface, and the shear deformation of the rock sample is measured to determine the shear and creep
properties of the rock samples.
The tests were conducted in four modes,
namely, quick shear test with natural water content
(No expansion and creep deformation occurs in
rock samples), long-term shear test with natural
water content (Creep deformation occurs in rock
samples without expansion deformation), quick
shear test after swelling under vertical loading (expansion deformation occurs in rock samples without creep deformation), and long-term shear test
after swelling under vertical loading (Creep and
expansion deformation occur in rock mass). In order to compare shear strength of rock samples under different
conditions, cohesion c and angle of
fer
friction in Mohr-Coulomb criterion are employed
to describe the strength of rock samples.
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curve
rv to get long-term shear strength
from the
parameters c and .
Quick shear tests after swelling under vertical loading. Since the pressure of rock and soil at
different depth is varied in slope, the shear strength
of rock and soil may be varied after swelling under
different pressure. Tests were carried out in five
groups with normal prestress of 19.9 kPa, 39 kPa,
200 kPa, 300 kPa, and 500 kPa, respectively. Each
test group consists of three rock samples. The wellprepared rock samples were placed into the direct
shear apparatus box and normal prestress was then
applied to the samples. Then the shear box was
covered with sealed fitting and sealed with vaseline.
Next, water was added into the fitting and was kept
5mm high above the rock samples. When the swelling deformation under vertical loading becomes
stable (i.e., incremental deformation in every 24 h
does not exceed 0.01 mm), normal prestress was
removed. Quick shear test at different normal
stresses (50 kPa, 100 kPa, 150 kPa) was implemented and the transient shear strength of these
rock samples was then obtained.

Quick shear test with natural water content.
The tests were performed with three rock samples.
Normal stresses applied to each sample were 50
kPa, 100 kPa, and 150 kPa respectively. Sealed
fitting was used to cover the samples and avoid
swelling induced by water absorption to maintain
the moisture content of the samples.

Long-term direct shear test after swelling
under vertical loading. The long-term strength of
rock and soil in slope will also be affected after
water absorption and expansion. Considering the
rock and soil mass of different depths, the tests
were conducted in 4 groups with normal prestress
of 19.9 KPa, 39 KPa, 200 KPa, and 300 KPa, respectively. Three rock samples were in each group.
The test procedure of swelling under vertical loading was the same as that of quick shear test under
vertical loading. When the deformation of expansion under vertical loading reaches stable state (i.e.,
incremental deformation in every 24 h does not
exceed 0.01 mm), cascaded load increases were
applied to the samples with 7~20 kPa for each stage.
The load was kept at each stage unchanged until the
deformation was in a relatively stable condition.
The determination method for long-term shear
strength is the same as that of the long-term shear
test under natural condition.

Long-term direct shear test with natural
water content. The tests were performed with three
rock samples in one group. Normal stresses applied
to each sample were 50 kPa, 100 kPa, and 150 kPa
respectively. Sealed fitting was used to cover the
samples and avoid swelling induced by water absorption to maintain the moisture content of the
samples. Step method was used for shear loading
with 20~50 kPa for each stage. When the shear
creep of the rock sample becomes relatively stable
(i.e., incremental deformation in every 24 h does
not exceed 0.01 mm), the next stage loading starts.
The creep deformation of rock will occur under long-term load. When the load is large enough,
the creep deformation will continue to increase,
resulting in rock failure. Long term strength refers
to the strength value of rock to resist failure under
long-term load. Long-term shear strength
parametre
ters cohesion c and friction angle can be determined from the shear creep curve obtained with the
method as follows: (1) on the deformation
vs. time
ma
curve, take long-term shear strength value as the
shear stress of the creep acceleration stage; (2) app
ply different normal stresses to obtain different
values, and (3) draw a straight line of shear strength

RESULTS AND DISCUSSION
The transient shear strength of rock samples
was obtained by quick shear tests. Figure
gure 3 presents
of rock
the shear transient strength curve
samples with natural water content and samples
after swelling under vertical loading. Table
ble 2 shows
transient shear strength parameters c and .
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FIGURE 3
Transient shear strength as a function of normal stress under different preloads

strength parameters
c

Natural water
content
35.37475
264.5

TABLE 2
Transient shear strength
Prestress of
Prestress of
Prestress of
500kPa
300kPa
200kPa
31.96416
31.88161
29.85582
165.8
148.6
85.9

Prestress of
39.0kPa
31.04794
16.5

Prestress of
19.9kPa
29.8989
10.85

FIGURE 4
Shear deformation as a function of time for rock samples under three different normal stresses
The creep curve derived from long-term shear
tests with natural water content is shown in Figure
4.
Figure 5 to Figure 8 present the shear creep
curves of samples after swelling under diferent prestress. Table 2 lists the long-term shear strength

under coupled effects. Figure
re 9 ppresents the longof rock samples
term shear strength curve
with natural water content and samples after swelling under vertical loading. Table 3 shows
ho the longterm shear strength parameters c and .
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FIGURE 5
Deformation as a function of time for rock samples under a preload of 19.9 kPa

FIGURE 6
Deformation as a function of time for rock samples under a preload of 39 KPa

FIGURE 7
Deformation as a function of time for rock samples under a preload of 200 KPa
3626
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FIGURE 8
Deformation as a function of time for rock samples under a preload of 300 KPa

FIGURE 9
Shear strength as a function of normal stress for rock samples under different conditions

strength parameters
c

TABLE 3
Long-term shear strength under different preloads
Natural water
Prestress of
Prestress of
Prestress of
content
300kPa
200kPa
39.0kPa
28.94259
132.45

22.83109
14.65

18.15949
14.8

From the above test data, we observe the following.
(1) When taking into account the swelling effects, the shear creep curves demonstrate characteristics of two or three stages, and as preload increases, the long-term shear strength increases, which is
similar with the conventional creep behavior without taking into account the swelling effects.
(2) The transient shear strength of rock samples is reduced significantly after swelling under
vertical loading, characterized by the decline in

24.60778
7.6

Prestress of
19.9kPa
20.00151
5.8

cohesion, while the friction angle is basically unchanged. Cohesion accounts for 4.1% to 62.7% of
the transient strength with natural water content
under uncoupled condition. The smaller the preload,
the more the cohesion declines.
(3) The long-term transient shear strength of
rock samples is reduced significantly after swelling
under vertical loading, characterized by the decrease in cohesion, while friction angle is nearly
unchanged. Friction angle accounts for 4.3% to
11% of the transient strength with natural water
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content under uncoupled condition. The smaller the
preload, the more the cohesion decreases. The attenuation degree of long-term shear strength is
greater than that of transient shear strength.
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Key technologies for swelling rock and soil
landslide treatment. Guangxi is one of the typical
regions in China with the distribution of swelling
rock and soil. The continuous expansion of the human engineering activity has come along with
many geological disasters such as swelling rock and
soil landslides. Meanwhile, Guangxi has implemented a great deal of project practices for the purpose of treating geological disasters of this kind. In
this work, we propose a few key technologies for
swelling rock and soil landslide treatment based on
the research of mechanism of swelling rock and soil
landslide with the combination of successful field
experiences in treating landslides in the past decade.

Analysis on the mechanism of swelling rock
and soil landslide. Swelling rock and soil will
shrink when the water dries out and will expand
when water is absorbed. The continuous shrinkage
and swelling of slope induced by the drying and
wetting circles in natural climate environment leads
to the gradual development of cracks in soil on the
slope surface, which further accelerates the water
seepage. Our laboratory tests indicate that a sharp
decline in transient shear strength and long-term
shear strength occurs when swelling rock and soil
absorbs water and swells. Moreover, the development of cracks significantly increases the seepage
coefficient of rock and soil, expands the range of
drying and wetting circles, aggravates the weakening effect in strength, and eventually causes shear
failure in slope (particularly, at interfaces and weak
structural planes filled with water), leading to the
landslide. In the meantime, the lower the prenormal-load is, the larger the rock expands, causing
greater degradation in rock and soil strength. This
could explain, to some degree, that the features of
swelling rock and soil landslides are mainly of gentle slopes and shallow landslides. According to the
analysis from the mechanistic mechanism perspective, the characteristics of sharp degradation in
strength of swelling rock and soil with absorbed
water is much more evident than that of general
cohesive rock and soil and thus is very prone to
cause landslides. This is why landslide is frequent
in slopes with swelling rock and soil underlain and
is difficult to be treated. The fundamental reason
lies in the sharp strength decline of swelling rock
and soil induced by water absorption.
Up till now, slope stability coefficient for
landslide prevention and treatment is generally
evaluated by transient strength parameters of rock
and soil obtained through laboratory or in situ tests.
However, the landslide happens because of the instability and eventual failure induced by the creep
deformation of rock and soil affected by various
geologic factors over time. In this regard, the analysis on landslide (slope) stability should take into
account the long-term shear strength of rock and
soil. From our laboratory tests, in comparison with
the transient shear strength of rock samples, the
attenuation of long-term strength was more intense,
deteriorating slope stability. Therefore, applying
long-term shear strength parameters instead of the
transient shear strength parameters should be considered in performing analysis on the stability of
swelling rock and soil.

Selection of working condition. The fundamental problem for the difficulties in treating swelling rock and soil landslides is the rapid strength
reduction when rock and soil absorbs water. The
root cause for the recurrence of rock and soil landslides after treatment is that the stability of landslides under saturated conditions is not considered.
Therefore, it is critical to investigate the stability of
landslides under saturated condition when dealing
with the problems of swelling rock and soil landslides.
In-situ large area shear test. In-situ large area shear test should be carried out for mechanical
properties of swelling rock and soil in addition to
laboratory shear tests under both natural condition
and saturated condition. During in-situ testing, it is
suggested to conduct large-scale gravity test for the
slip mass and large area shear test under saturated
condition for the sliding zone. As the scale effect
may influence the swelling-shrinkage characteristics of the rock and soil, shear strengths of small
samples obtained in the laboratory cannot properly
reflect the actual in situ condition. The shear
strength of swelling rock and soil should be measured in-situ in large area using direct shear tests
under natural, saturated, and cyclic conditions.
These results should be synthetically determined
with reference to the regional empirical values.
Analysis of landslide stability and calculation method of thrust force. Forms of circular
sliding surface and polygonal line sliding surface
are often assumed when conducting landslide stability analysis in projects based on in situ geological condition. Methods for thrust force calculation
include transfer coefficient method and slices
method, which should be properly selected by engineers in specific engineering applications according
to field geological conditions. Improper selection of
calculation methods is prone to errors with potential
significant consequences. Considering the features
of geological layering and weak structural planes of

3628

© by PSP

Volume 30– No. 04/2021 pages 3622-3631

swelling rock and soil slopes, it is suggested to use
the following methods in analysing swelling rock
and soil landslides and calculating thrust force. For
polygonal line sliding surface, the transfer coefficient method is suggested to be used for the stability evaluation and thrust force calculation. For circular sliding surface, the Sweden slice method is
preferred for the analyses. For slopes with identified sliding surface after investigation, the stability
evaluation and thrust force calculation can be carried out with the same method as for the polygonal
line sliding surface. For the weak structural surfaces
and soil-rock interfaces existing in bedding and
subsequent landslides, straight lines connecting
slope surface or slope crest are used to be behind
the sliding surface. Straight lines need to be connected with the weak structural surfaces or soilrock interfaces to form a polygonal line sliding surface to carry out the stability evaluation and thrust
calculation with the corresponding method. For
homogeneous soil, which can have approximately
horizontal layered and reverse landslides, the stability evaluation and thrust calculation can be conducted with the same method as for the circular
sliding surface.
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and wetting circles influenced by the weather.
Therefore, when using anti-slide pile to prevent
landslide, if the slide surface is within the depth
strongly influenced by the weather, the effective
fixed pile length should start from the depth underneath all layers influenced by the weather, which
can be calculated from the slope point before the
pile (Figure 10). At the same time, in order to avoid
rain influx during raining season, once the holes are
checked for quality, the construction shall be casted
immediately after digging.
Anchor bolt (cable) support system. It was
widely believed in the past that anchor bolt (cable)
cannot be applied in swelling rock and soil landslide treatment. However, the successful practices
in Guangxi, China have proved that anchor bolt
(cable) can be adopted in swelling rock and soil
landslide treatment. But when the sliding surface is
within the weather influenced depth, the effective
fixed length of the anchor bolt (cable) should be
calculated outside of the weather influenced range.
In the meantime, hole digging operations should be
carried out under dry condition.

Prevention measures. Currently, landslide
prevention measures commonly adopted are drainage measure, step-slope method, anti-slide pile,
anchor bolt (cable), framed anchor, gravity retaining walls, etc., which may still be feasible in treating swelling rock and soil landslides subject to improvements according to the characteristics of
swelling rock and soil.
Step-slope method. Generally, the step-slope
method is not suitable for swelling rock and soil
landslide treatment. But if the conditions permit,
the step-slope method can be considered. The
above-mentioned slope stability analysis method to
perform quantitative calculations shall be adopted
for the step-slope method instead of the traditional
slope method. The slope surface exposed after excavation must be protected by some measures such
as backfilling non-swelling soils. When stabilizing
slope with shotcrete and grid, a layer of mediumcoarse sand between the protective layer and the
swelling rock and soil is suggested to be added to
enhance the water discharge capacity of the slope
surface and also adjust the deformation of swelling
and shrinkage to effectively protect the protective
layer. Sand needs to be placed at the bottom and on
two sides of the trench constructed on swelling rock
and soil.

b) Buried anti-slide pile
FIGURE 10
Schematic diagram of anti-slide pile within the
severely weathered layer

Anti-slide pile. The reinforcement effect of
the anti-slide pile to rock and soil can be significantly reduced due to the effect of the cyclic drying

Gravity retaining walls. When applying
gravity retaining walls for swelling rock and soil
landslide treatment, the height of the retaining wall

a)
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above the ground should not exceed 3m, and the
burial depth of the retaining wall foundation should
be under the sliding surface or weak structural surface and also exceed the depth of the severely
weathered layer without placing sand at the bottom.
The thickness of the water filtering layer on the
back of the retaining wall should not be less than
400mm. The backfill materials should be gravels
and sandy gravels. Other parts except the water
filtering layer should be backfilled with nonswelling soil materials and be compacted layer by
layer.
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development has become a major challenge to be
solved[1,2]. There are many problems under the traditional consumption concept, such as extravagance
and waste, environmental pollution and so on, which
do harm to the natural environment. Therefore, the
concept of green consumption should be advocated.
The 19th National Congress of the Communist Party
of China emphasized the need to accelerate the construction of ecological civilization and promote
green development with green consumption. Therefore, it is imperative to promote green consumption[3]. For consumers, the cultural atmosphere people live in will influence their behavior. Under the
influence of Chinese traditional culture, "harmony
between man and nature, unity of man and nature"
have been deeply rooted in the hearts of the people,
affecting the daily consumption behavior of consumers, and the consumption consciousness has also
changed imperceptibly[4].It is particularly important
to study the relationship between values and consumption willingness under the support of cultural
background. In addition, the research on this issue in
recent years is little. Based on this, this study primarily added the unique Chinese heritage culture into the
theoretical research and started with values of consumers, and then verified the hypothesis through the
formulation of relevant scales, questionnaire survey
and data analysis. Finally, this paper analyzed the relationship between consumer values and consumption willingness under the cultural background, so as
to provide theoretical reference for the development
of green consumption in China.

ABSTRACT
Facing the rapid development of society, China's market has attracted more and more attention
from all over the world, at the same time, the disadvantages has also gradually emerged, such as environmental pollution. Encountering many severe
challenges, these problems have been gradually improved with the support of Communist Party of China's policy and the promotion of citizens' awareness
of environmental protection, and the concept of
green consumption has emerged as the times require,
leading a new consumption trend. The inheritance
and dissemination of Chinese culture for thousands
of years has determined position of Chinese civilization. The profound cultural heritage is rooted in the
hearts of the people, affecting the consumption mode.
Combined with the the background of Chinese culture and began with consumer values, this paper
studied and analyzed the relevance of consumer values and green consumption willingness and put forward the countermeasure of consumer values and
green consumption willingness based on the the
background of Chinese culture from the perspective
of inheriting traditional culture and carrying forward
the concept of green consumption through the development of relevant scales, questionnaires and data
analysis., and therefore, it provided a theoretical reference for the development of green consumption in
China.

KEYWORDS:
Cultural background, Green consumption behavior, Consumer values, Consumption willingness

Green Consumption. The concept of "green
consumption" was also put forward by the International Consumer Union in the 1960s[5]. Green consumption is a related consumption behavior based on
health and ecological development, a consumption
mode that pay attention to sustainable consumption
and ecological sustainable development. Among
them, green consumption includes not only related
products, but also ecological protection and energy

INTRODUCTION
With the development of economy and society,
the natural ecological environment has been seriously damaged, and therefore ecological harmonious
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reuse. It is a new consumption behavior and process
characterized by moderate consumption, environmental sustainable development and consumption
consciousness change[6].

a significant impact on their green consumption behavior: consumers' cognition and attitude to the natural environment; consumers' psychological activities affected by values in the process of green consumption; consumers' willingness and behavior of
green consumption affected by pressure and social
mainstream cultural values. Therefore, the above
summary is summarized as three aspects of consumer values under the background of Chinese culture: philosophy of life, interpersonal views, selfcultivation and self-actualization. Because the concept of philosophy of life is too broad to study, in
order to achieve and quantify the research, this study
chooses golden mean for replacement, such as
golden mean,self-actualization and interpersonal
perspective[14,15], which can represent the core
spirit of Chinese philosophy of life. Through the values subdivided under the Chinese unique culture in
the independent variable and the consumer's consumption willingness in the dependent variable, the
influence model of culture and consumption willingness is constructed to explore the influence of consumer values on consumption willingness under the
cultural background. The specific model is shown in
Figure 1.

The Willingness of Green Consumption.
Consumption willingness is not only based on the individual subjective thinking mode of different things,
but also a consume tendency that the influence of external factors such as environment while consuming
behavior should be considered[7,8]. The generation
of green consumption willingness is the inevitable
product of conforming to the construction of ecological civilization society, which contains positive
green consumption tendency in China, becoming a
trend[9].
Consumer Values under Cultural Deposits.
The "values" of consumer values was originated
from western scholars. Generally speaking, values
are personal beliefs or pursuits, which guide or influence the selection and evaluation of certain things,
and consumer behavior in consumer values is also
based on individual pursuit or belief, and both of
them are mutually influenced[10]. With thousands of
years of cultural heritage in China, traditional Confucianism, Taoism and other ideas have been rooted
in the heart, having an impact on the thinking and
behavior of Chinese people[11]. It is a new exploration to study consumer values under the profound
cultural heritage, which can highlight the different
influence categories of consumer consumption patterns, and the therefore theoretical basis will be more
extensive.

A Questionnaire Survey on Consumer Values and Green Consumption Willingness under
the Chinese Cultural Background. According to
the established theoretical model model of consumer
values on green consumption intention, this study
complied the "Related Scale under the Background
of Chinese Culture", used questionnaire survey to
study and analyze the current situation of consumer
values on green consumption willingness under the
Chinese cultural background. The questionnaire contained 4 subscales, each sub scale had 4 items and 12
questions in total. According to Liker's 5-point scoring criteria, the score of each question was divided
into "very consistent (5 points)", "relatively consistent (4 points)", "general (3 points)", "inconsistent
(2 points)", "very inconsistent (1 point)"[16]. The
survey takes social people under the age of 35 as the
research object, for the reason that related green consumption is mostly novel products, and young people are more interested in it, thus they have strong
practical significance to be the research object. Secondly, under the background of cultural diversity,
consumers' behavior can highlight the direct value of
Chinese traditional culture, so taking young people
as the research object can better distinguish the influence of traditional values on consumer behavior.
In the study, 50 questionnaires were distributed
through the pre investigation, and the initial tables
were analyzed and processed, and all the items involved were adjusted to confirm the final research
scale. It mainly included two aspects: one was that
the title was too wordy, which needed a

MATERIALS AND METHODS
Construction of Theoretical Model of Consumer Values on Green Consumption Willingness
under the Background of Chinese Culture. Under
the background of Chinese culture, consumer values
originated from traditional Chinese culture and its
core connotation. Confucianism, Buddhism and Taoism are the main structure of Chinese traditional
culture. It provides guiding ideology to solve problems from three aspects, the relationship between
man and the universe, how to reconcile the contradiction between body and mind, and the relationship
between human and society, determination of consumer value reason and values[12]. Chinese consumers are influenced and precipitated by culture,
which affects people's motivation, preference and
behavior, thus restricting their consumption behavior
mode[13]. It can be seen that under the background
of Chinese culture, Chinese consumers' values have
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FIGURE 1
Construction of Theoretical Model of Consumer Values on Green Consumption Willingness under the
Background of Chinese Culture

0HDVXU൴QJ

Golden Mean

Self-DFWXDO൴]DW൴RQ

Interpersonal
SHUFHSW൴RQ

Green
FRQVXPSW൴RQ
Z൴OO൴QJQHVV

TABLE 1
Related Scales under the Chinese Cultural Background
4XHVW൴RQQXPEHU
Item
:KHQWKHUH൴VDG൴VSXWH,Z൴OOWU\WRI൴QGDQRS൴Q൴RQWKDW
VAL1
everyone accepts
,Z൴OOWU\WRI൴QGDEDODQFHEHWZHHQWKHRS൴Q൴RQVRIP\VHOI
VAL2
and others
:KHQ,PDNHDGHF൴V൴RQ,XVXDOO\FRQV൴GHUWKHKDUPRQ\
VAL3
of the overall atmosphere
VAL4
I am HDJHUWRVKRZP\DE൴O൴W\
VAL5
,DPHDJHUWRH[SUHVVP\RS൴Q൴RQWRWKHRXWV൴GHZRUOG
VAL6
2QO\E\ZRUN൴QJKDUGFDQ൴GHDOVEHFRPHUHDO൴W\
3HUVRQDOEHKDY൴RUPXVWFRPSO\Z൴WKVRF൴DOHWK൴FVDQG
VAL7
standards
5HF൴SURF൴W\൴V WKHOXEU൴FDQWWRPD൴QWD൴Q൴QWHUSHUVRQDO
VAL8
UHODW൴RQVK൴SV
VAL9
,I\RXKDYHFRQQHFW൴RQVWK൴QJVZ൴OOEHVPRRWKHU
,DPZ൴OO൴QJWRFROOHFWDQGOHDUQPRUH൴QIRUPDW൴RQDERXW
GIN1
green food
,ZRXOGO൴NHWRUHFRPPHQGP\UHODW൴YHVDQGIU൴HQGVWR
GIN2
buy green food
,DPZ൴OO൴QJWR൴QWURGXFHDQGUHFRPPHQGJUHHQIRRGWR
GIN3
P\IDP൴O\

comprehensive adjustment for this problem; the
other was the adjustment of related items, which
needed to reasonably delete the items that affect the
accuracy of the research. The revised scale is shown
in Table 1. Finally, 400 questionnaires were sent out
with the help of the questionnaire satellite network
tool, and 386 were recovered. The effective recovery
rate of the questionnaire was 96.50% and the data
were analyzed by SPSS16.0.

Research Data of Values on Green Consumption Willingness. 386 valid research samples
were collected and divided. Categories 1 and 2 corresponded to male and female. Categories 1, 2, 3 and
4 corresponded to their ages of over 20, 21 to 29, 30
to 39 and over 40. Categories 1, 2, and 3 corresponded to the education level: high school or below,
junior college, bachelor degree or above. Categories
1, 2, 3 and 4 corresponded to working years: 1 to 3
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FIGURE 2
Basic Situation of Survey Samples
years, 4 to 6 years, 7 to 10 years and more than 10
years. Finally, Categories 1, 2, and 3 corresponded to
income of less than 3000 yuan, 3000 to 5000 yuan
and more than 5000 yuan. Figure 2 shows the basic
information of the investigators. It can be seen from
the Figure 2 that there are 195 men, accounting for
50.52%; while 191 women, accounting for 49.48%.
The age of the respondents is mainly concentrated in
21-29 years old. The education level is relatively
high, concentrated in bachelor degree or above, accounting for 61.66%. The working years are concentrated in 1 to 3 years, and the income is also concentrated in the range of 3000 to 5000 yuan. Thus green
consumption is mainly composed of young, well-educated and powerful consumers. It can be seen that
the distribution of samples can reflect the natural distribution of consumers. Therefore, the sample data is
representative and widely applicable.

3.53. In interpersonal perception, the average value
of "personal behavior must conform to social morality and standards" is the highest, accounting for 3.66,
and the average value of interpersonal perception is
3.63. From the results, it can be figured out that consumers pay more attention to self-actualization and
interpersonal perception in the process of consumption, but they neglect the application of golden mean.
2) Analysis of Green Consumption Willingness. By analyzing the survey results, Table 3 shows
the characteristics of the variables related to green
consumption willingness. It can be seen from the table that the overall level of the respondents' green
consumption willingness is not high, which is at the
lower middle level, with the overall average value of
2.57. The average score of "I am willing to introduce
and recommend green food to my family" rank the
lowest, reaching 2.55. From the results, it can be
known that the green consumption willingness of the
respondents is at a weak level.

RESULTS

3) Correlation Analysis of Consumer Values
and Green Consumption Willingness. In order to
further explore the relationship between consumer
values and green consumption intention, a correlation study was conducted. The results of correlation
analysis are shown in Table 4. It can be seen that
there are significant positive correlations between
three aspects of consumer values and green consumption willingness. In the aspect of golden mean,
the correlation coefficient between the golden mean
and green consumption willingness in consumer values is 0.643 at the significance level of 0.01, which
is greater than that of the other two aspects: 0.584
and 0.533. Therefore, it can be known that there is a
greater positive correlation between the golden mean

Analysis of the Current Situation of Consumer Values on Green Consumption Willingness
under the Background of Chinese Culture. 1)
Value Analysis. By analyzing the survey results, Table 2 shows the characteristics of the variables related to cultural values. It can be seen from the table
that, in general, the self-actualization of consumer
values and interpersonal views are above the middle
level, but golden mean is at the lower level. Among
them, the mean value of "I will try to find a balance
between my own opinions and others' opinions" rank
the lowest, accounting for 2.67, and the average
value of overall golden mean is 2.73. In self-actualization, the average value of "only by efforts can
ideal become reality" is the highest, accounting for
3.56, and the average value of self-actualization is
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and green consumption willingness in consumer values. The higher awareness of golden mean consumer
have, the higher the degree of consumers' green consumption willingness will be, and the more green
consumption behaviors will be brought in succession,
and vice versa.

Firstly, the consumers' golden mean is at a low level,
which results in the lack of green consumption willingness of consumers. It is possibly caused by the
changed psychological needs and consumption behaviors of consumers under the impact of culture diversity and the shortage of traditional cultural education. Secondly, under the cultural background, it is
the lack of green consumption concept of consumers
themselves, which can not catch up with the green
consumption concept advocated by the society, and
affect the consumers' own values. It is possibly
caused by inadequate publicity of green consumption concept and insufficient green ecological consciousness [17,18].

Analysis of the Influence Between Consumer
Values and Green Consumption Willingness under the Background of Chinese Culture. The questionnaire survey shows that the level of consumers'
golden mean and green consumption willingness is
not high, and through the correlation analysis, it can
be found that there is a higher positive correlation
between the two, and they are mutually influenced.

9DU൴DEOH
Golden
Mean

SelfDFWXDO൴]DW൴RQ
Interpersonal
SHUFHSW൴RQ

9DU൴DEOH
Green
FRQVXPSW൴RQ
Z൴OO൴QJQHVV

TABLE 2
&KDUDFWHULVWLFVRI5HODWHG9DULDEOHVRICultural Values
4XHVW൴RQ
Item
Standard
PD[൴PXP
0൴Q൴PXP
QXPEHU
average
GHY൴DW൴RQ
VAL1
2.79
5
1
0.901
VAL2

2.67

5

1

0.923

VAL3
VAL4

2.73
3.55

5
5

1
1

0.912
0.914

VAL5

3.49

5

1

0.902

VAL6
VAL7

3.56
3.66

5
5

1
1

0.911
0.912

VAL8

3.61

5

1

0.904

VAL9

3.63

5

1

0.906

TABLE 3
&KDUDFWHULVWLFVRI9DULDEOHV5HODWHGWR*UHHQ&RQVXPSWLRQ:LOOLQJQHVV
4XHVW൴RQ
Item
Standard
PD[൴PXP
0൴Q൴PXP
QXPEHU
average
GHY൴DW൴RQ
GIN1
2.57
5
1
0.850
GIN2

2.60

5

1

0.825

GIN3

2.55

5

1

0.833

9DU൴DEOH
mean
2.73

3.53

3.63

9DU൴DEOH
mean

2.57

TABLE 4
Relationship Between Consumer Values and Green Consumption Willingness
Green
Golden
SelfInterpersonal
FRQVXPSW൴RQ
Mean
DFWXDO൴]DW൴RQ
SHUFHSW൴RQ
Z൴OO൴QJQHVV
Pearson
1
0.643*
0.584**
0.533**
FRUUHODW൴RQ
Green
6൴JQ൴I൴FDQF
0.000
0.000
0.000
FRQVXPSW൴RQ
H E൴ODWHUDO
Z൴OO൴QJQHVV
N
386
386
386
386
**. There is significant correlation at 0.01 level (bilateral)
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Strategy of Consumer Values and Green
Consumption Willingness Based on Chinese Culture. 1) Inheritance, Development and Expansion of
Traditional Culture. Chinese excellent traditional
culture is broad, profound and has a long history. We
should strengthen the deep foundation of cultural
self-confidence, learn from each other's merit to
make up for each other's shortcomings, and follow
the good advice, strengthen the foundation of education, and establish correct consumption values[19].
Firstly, we should improve the formulation of laws
and regulations related to traditional culture, which
will help to enhance the status of traditional culture;
secondly, we should constantly enrich the cultural
connotation, increase the cultural awareness of citizens and enhance the sense of cultural identity, such
as strengthening publicity of the news media and
holding activities related to cultural heritage; thirdly,
we should strengthen the education of traditional
culture in schools by setting up traditional culture
courses. Finally, under the background of culture diversity, we should encourage the dissemination of
traditional culture, especially focusing on traditional
culture, promote the integration of cultural diversity,
and enhance the status of traditional culture in the
new era[20]. 2) Advocacy of Green Consumption.
Vigorously advocating the concept of green consumption is a strong support for the construction of
ecological civilization society, and strengthening the
concept of green consumption of consumers is the
need of the times. Firstly, the relevant departments
should take the lead in advocating the concept of
green consumption, the news media should vigorously publicize and integrate green consumption education into education, so that the people's concept
of green consumption can be improve; secondly,
Striving to develop green industry and develop green
products are the prerequisite conditions for the development of green consumption; finally, it is necessary to strengthen the protection of ecological environment and enhance citizen awareness, follow the
way of green and sustainable development, integrate
the concept of green consumption into daily life,
such as water and electricity conservation and garbage classification, which is conducive to the resources saving, environmental protection and curbing environmental pollution[21,22].

which helped more in line with the way of consumer
behavior. Through the study, it can be known that the
golden mean and green consumption willingness of
consumer was not high, and there was a higher correlation between them. Therefore, this paper put forward the targeted advice of carrying forward and inheriting traditional culture and advocating green
consumption, which was conducive to the construction of ecological social civilization and the promotion of citizens' green consciousness. In addition, it
provided new ideas for the green consumption behavior under the traditional culture, and contributed
to the development of green consumption in China.
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accurately the input/output behavior of the original
system. Consequently, many strategies are based on
the concept of projecting the states of the original
system onto a suitably selected reduced-order state
space to reduce the computational complexity. Trajectory piecewise linearization (TPWL) is a very
popular MOR method for nonlinear systems, which
was originally developed by Rewienski and White
[1]. The TPWL method approximates the nonlinear
term by a piecewise-linear function obtained by
linearizing the system at selected points along its
trajectory. It has been applied in several areas, including modeling electronic circuits [2-3], biomedical micro-electromechanical [4], and computational fluid dynamics [5]. TPWL combined with proper
orthogonal decomposition (POD) has recently suggested for nonlinear reservoir simulation [6-9]. In
POD-TPWL, at each time step, the nonlinear term
is linearized around a particular training run solution using of the training-run Jacobian and other
matrices. The POD basis matrix, which is constructed using the solution states (snapshots) of the
training runs output, projects the linearized system
to a low-dimensional space. MOR based on
POD-TPWL has been shown to provide runtime
speedups of O(102–103) [6,7,10]. These large
speedups result from the fact that the online computations entail only the linear solution of
low-order systems, in contrast to the full-order nonlinear solution required for the high-fidelity simulation.
Although the TPWL MOR method in [1] is
more efficient for nonlinear systems, it still has
some drawbacks. Sometimes, the error is large
when the current state is away from most of the
expansion points [1,6,11-13]. In this work, we improve the TPWL method from two aspects: linearization point selection and the weight function
which plays a key role in TPWL. The POD is a
well-known MOR method, but it is sensitive to
simulation parameters used in snapshot generation
such as boundary conditions (BCs) and system inputs. Simulating POD models for BCs and inputs
other than those used in snapshot generation can
result in inaccuracy [14-16]. Binion and Chen [14]

ABSTRACT
Reservoir simulation is an indispensable tool
for many computational applications such as uncertainty quantification, production optimization,
and history matching. However, these applications
can become computational intractable because the
simulation of even a single model is time consuming. To relieve the computational burden, a model
order reduction (MOR) procedure referred to as
KPOD-ITPWL is presented. In this procedure, the
trajectory piecewise linear (TPWL) is improved
from linearization point selection and the weight
function, and then combined with the
Krylov-enhanced POD (KPOD) method. We apply
this MOR to a fully implicit oil–water subsurface
flow problem. The result demonstrates that the
method provides higher accuracy than the existing
POD-TPWL method, and the speed of
KPOD-ITPWL model is almost the same as
POD-TPWL. It provides a runtime speedup of
about 50 for the full-order model considered in this
work.
KEYWORDS:
Reservoir simulation model order reduction trajectory
piecewise linear, Krylov-enhanced, POD

INTRODUCTION
Reservoir simulation is an essential tool for
reservoir management such as uncertainty quantification and reservoir design optimization. These
applications usually require many simulations. It
can pose computational challenges to apply in practice when a large number of models are used.
Therefore, how to relieve the computational burden
is an urgent problem we need to solve.
Model order reduction (MOR) techniques
have shown promise in alleviating computational
demands with minimal loss of accuracy. The main
goal of the MOR method is to generate a reduced-order model of the system, while preserving
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proposed a MOR method entitled Krylov-enhanced
POD (KPOD) that combined the strengths of the
Krylov subspace projection and the POD. The
method was based on the generation of a sequence
of Krylov projection bases corresponding to a wide
range of achievable states over an operational range.
In this paper, the improved trajectory piecewise
linear is combined with KPOD. The method is referred to as KPOD-ITPWL. We apply this MOR to
oil–water subsurface flow problem to improve the
speed and precision of reservoir simulation.
This paper proceeds as follows. In Section 2,
we present the fully implicit oil-water subsurface
flow governing equations. In Section 3,
KPOD-ITPWL reduced-order modeling is presented. We first provide a detailed description of improved trajectory piecewise linearization (ITPWL),
and then the generation process of KPOD basis
matrix is described. Then, the derived
KPOD-ITPWL reduced-order modeling is tested in
comparison with the exiting POD-TPWL through a
two-dimensional oil-water two phase anisotropic
reservoir model. Finally, we present conclusion and
future work.

g is the acceleration of gravity and d is depth,
p is pressure,  is the gradient operator.
Equations (1) and (2) together contain four

p

p

S

S

o ,
w ,
o and
w , two of
unknowns,
which can be eliminated with the aid of the relationships

So  Sw
po  p w

1

(5)

pc (S w )

(6)

p (S )

c
w
Where
is the oil-water capillary
pressure.
We consider the relatively simple case and neglect gravitational and capillary pressure effects.
Format to discrete in space by using five-point
block centered finite difference, we may have the
nonlinear first-order differential equation (7), see
the specific derivation of literature [9]:

ª Vwp
«V
¬ op

Vws º ªp º ªTw

Vos »¼ «¬ s »¼ «¬ To
T
V

0 º ªp º
0 »¼ «¬ s »¼

ªFw (s) º
« F (s) » q well ,t
¬ o ¼
F
(7)

Where vector p and s are grid center oil
po and water saturation S w respecpressure

MATERIALS AND METHODS
Governing equations. In this section, we
mainly introduce the governing equations for a
two-phase (oil–water) system. For a two-phase isothermal immiscible oil–water system, the governing
equations are obtained by combining the conservation of mass with Darcy’s law for each phase [17]:

p and s are the time t derivative of
vector p and s respectively; V is the cumulative matrix; T is transmission matrix; F is diq well ,t
tively;

vided flow matrix; Vector
is the total flow
of oil-water well.
In practice, the source terms are often not the
flow rates in the wells but rather the pressures. This
can be accounted for by rewriting equation (7) in
partitioned form as (Eq. 8)

w I Sw Uw
&
  (DU w v w )  D
 DU w qwccc 0
wt

(1)

w I So U o
&
  (DU o vo )  D
 DU o qoccc 0
wt
(2)
&
k
&
v w  rw K (pw  U w g d )

Pw

&
vo

p

Here, the elements of vector 1 are the
pressures in those grid blocks that are not penetrat-

p

ed by a well. The elements of 2 are the pressures
in the blocks where the source terms are prescribed

(3)


q well,t

k &
 ro K (po  U o g d )

Po

Where subscripts
identify water and oil,

w
S

and

o

(4)
are used to

is the saturation,


p well with the aid of a diJ
agonal matrix of well indices 3 . To compute the

hole pressures (BHPs)

U is

ccc

is a source
phase density, I is porosity, q
term expressed as flow rate per unit volume, t is
time,

D

is a geometric factor,

velocity vector,

krw and kro



&
v

is the fluid viscosity,

oil and water flow rates in the wells with prescribed
pressures we use the well model

ªq well,w º
«q
»
¬ well,o ¼

is the Darcy

is the divergence operator,

are the relative permeabilities,

&
K

p

, and those of 3 are
total well flow rates
the pressures in the blocks where the source terms
are obtained through prescription of the bottom

P

ªFw,33 º

« F » J 3 (p well - p 3 )
¬ o,33 ¼

p

(9)

To compute the BHPs well in the wells with
prescribed total flow rates we need an additional

is the permeability tensor,
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ª Vwp,11
« 0
«
« 0
«
« Vop,11
« 0
«
«¬ 0

0

0
0

Vwp,22
0
0
Vop,22
0

Vwp,33
0
0
Vop,33

ª Tw,11
«T
« w,21
«Tw,31
«
« To,11
« To,21
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«¬ To,31
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Tw,22
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To,12
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To,13
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0 º ª p 1 º
0 »» «p 2 »
« »
Vws,33 » «p 3 »
»« »
0 » « s1 »
0 » « s 2 »
»« »
Vos,33 »¼ «¬ s 3 »¼
0
0 º
ª0
«0 F
0 »»
w,22
«
0
ª
º
«0
0
Fw,33 » «

»
q well,t
«
»«
»
0
0 »

«0
«¬ J 3 (p well - p 3 ) ¼»
«0 Fo,22
0 »
«
»
0
Fo,33 »¼
«¬0

diagonal matrix J2 of well indices such that


q well,t

J 2 (p well - p 2 )

A

B

ª 0
«F
« w,22
« 0
V 1 «
« 0
« Fo,22
«
«¬ 0

(10)

From which we obtain

p well

ª Tw,11
«T
« w,21
«Tw,31
V -1 «
« To,11
« To,21
«
¬« To,31


J 21q well,t p 2

(11)
To bring these equations in state-space form
we define the state vector x, input vector u and
output vector y as

u

x

y


ªq well ,t º
«
»
¬p well ¼
ª p1 º
«p »
« 2»
ªp º «p 3 »
«s » « s »
¬ ¼ « 1»
« s2 »
« »
¬« s 3 ¼»

C

ªp well º
«
»
«q well , w »
«q
»
¬ well ,o ¼

-1
2

D

(12,13,14)
Equations (8), (9) and (11) can then be rewritten in
nonlinear state-space form

x

f(x, u)

ª0 I
0
«
«0 0 -Fw,33 J 3
«¬0 0 -Fo,33 J 3

A(x)x + B(x)u

y = h(x, u) = C(x)x + D(x)u

ªJ
«
«0
«0
¬

Tw,12
Tw,22
Tw,32
To,12
To,22
To,32

(8)

Tw,13
Tw,23
Tw,33  Fw,33 J 3
To,13
To,23
To,33  Fo,33 J 3

0
0
0
0
0
0

0
0
0
0
0
0

0
0

º
»
»
Fw,33 J 3 »
»
0 »
0 »
»
Fo,33 J 3 »¼

ˈ

0 0 0º
»
0 0 0»
0 0 0 »¼

ˈ

0

º
»
Fw,33 J 3 »
Fo,33 J 3 »¼

It should be noted that the parameters of the system

A and the input matrix B are still functions of the state x . Vector y is called the output

matrix

(15)
(16)

C is the output matrix. D is the direct
transfer matrix. Since the elements of the matrix V ,
T , F , J are function of the state variables x ,
vector.

Where the matrices are defined as:

the system is a nonlinear system.
for
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KPOD-ITPWL reduced-order modeling is presented. We first provide a detailed description of improved trajectory piecewise linearization (ITPWL),
and then the generation process of KPOD basis
matrix is described.
(1) Improved Trajectory Piecewise Linearization Method. To reduce the computational effort
associated with full-order solution of Eq. (15), we
now introduce the improved trajectory piecewise
linearization (ITPWL) method. In TPWL [1] methodology a nonlinear system is represented as a
weighted combination of piecewise linear systems
and each linear system is projected into a
low-dimensional space using an appropriate projection method.
For reservoir simulation nonlinear system (15),
we first simulate one or more full-order “training”
runs using a specified set for each well. We save the
states and the derivative information at each time
step of one or more of the training runs. We obtain a

Bil

A(x)x

x

G i x + (f(xˆ i )  G i xˆ i )  Bi u

i

ˈ

0, 1,  , (s  1)

i

i

i

i

i

i

(18)

Z i (x)

Where
are state-dependent weights.
(All the weights are nonnegative, and satisfy
s 1

¦ Z (x)

, for all x ).
The vectors and matrices in Eq. (18) are still

ĭl z ,

x̂

x

l

N c . Projecting (18) yields:

z

l

s 1

¦ Z (ĭ z)(G
i

l

il

s 1

¦ Z (x)(G x + (f(xˆ )  G xˆ )  B u)
i

i

i

i

i

i

i 0

z
bles
where
is a
low-dimensional variable. Reduction is achieved
because

x 0 is taken as the first linear

expansion point 0 , and set i 1 ;
4) Use the TPWL method to establish a temporary model:

, and then perform a change of varia-

x

Cĭ

3) The initial state

the system, we apply dimension reduction. Assume
we have already generated l-th order bases
N c ul

Z i (ĭl z )

{x 0 , x1 ,  , x M } ;

O( N ck ) ( N c is the total number of grid blocks),
with k 1, 2 , respectively. To reduce the size of

ĭl 

which depend on the

u(t) ;
it D and input vector
2) Simulate the full-order reservoir simulator
and
save
the
output
state
vectors

1

i

i 0

Zi (z )

C

s 1

i 0

Z i (ĭl z ) , we may use

l
l.
Where
TPWL shows some problems during simulation. The error is large when the current state is
away from most of the expansion points. We will
improve the TPWL method from two aspects: linearization point selection and the weight function
which play a key role in TPWL.
To obtain high quality linear expansion, we
use a new linearization point selection method
based on a global maximum error controller for
TPWL model order reduction [3]. This method is
based on a simple fact that the simulation cost of
the TPWL model is very low, and selects the state
at which the responses of the current TPWL model
and the full nonlinear model have the maximum
difference as a new linearization point. It can generate the TPWL model of smaller size and higher
accuracy. In reservoir simulation, the specific process of the algorithm is described as:
1) Give the maximum error control lim-

(17)

¦ Z (x)(G x + (f(xˆ )  G xˆ )  B u)

pensive, instead of weights

Z (z )

The nonlinear system (15) is approximated by
constructing a weighted combination of linearized
models (17):

x

is inex-

with i
in (19) yields the following reduced
order model:
s 1

T
°z ¦ Zi (z )(G il z + ĭl ( f (xˆ i )  G i xˆ i )  Bil u)
®
i 0
°y = C z + Du
l
¯
(20)

B(xˆ i ) .

Bi

Z i (ĭl z )

reduced order state vector. Replacing

G i is Jacobian matrix of f(x) at xˆ i ,

Where

ĭl T G i ĭl ˈ

ĭl T Bi .

weighting functions

xˆ , xˆ ,  , xˆ

f(x)

ĭl T x ˈ G il

In fact, since computing

s1 by using
set of expansion points 0 1
a suitable linearization point selection method, and

then linearize the nonlinear term
at various expansion points:

z

Where

(21)
5) The model (21) is simulated and the state

{x 0 , x 1 ,  , x M } is obtained;
{x 0 , x 1 ,  , x M } and {x 0 , x1 ,  , x M }
6)

vector

z + ĭl T ( f (xˆ i )  G i xˆ i )  Bil u)

i 0

will be compared to find the maximum error

(19)
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x k , and then record the maximum error Kmax

1˅Perform Arnoldi algorithm
for ( i=0,1,2,…,s-1)
set m=0

and k ;
7) If

Kmax ! D ,

arization point
turn to 4);
If

xˆ i 1

select the first i  1 line-

x k , and set i

FRPSXWHQRUP ۅE WL ۅDQG
while (norm>0)
set m=m+1

i  1 , then

Kmax  D , the loop ends and the lineariza{xˆ , xˆ ,  , xˆ }

Zi (z )

di (z )

º
»
»¼

for (j=1,2,…,m)

vˆ m = vˆ m  v j v jc vˆ m
end for

p

z  zˆ i

vˆ m

norm
vm

(22)
2

end while

is the minimum between among those center points

i
set
end for
Construct

d min

min(di (z )) ˈ i

2

{xˆ 0 , xˆ 1 ,  , xˆ s1 } . Parameter p is between 1

V

and 2. The whole weight function is finally nors 1

¦ Z (z )
i

malized to satisfy

i 0

matrix:

set

> U,S, W @

ĭl

set

is user

> ĳ1 ĳ 2  ĳ l @

In this section, we present numerical results
for POD-TPWL and KPOD-ITPWL for a
two-dimensional oil-water two phase anisotropic

(23)
Further obtained:
(I  'tG i )x k 1 x k  't ( f (xˆ i )  G i xˆ i )  'tBi u k
(24)
Then, we apply KPOD method to generate

reservoir model. It contains 99 u 51 grid blocks,
and the permeability field and porosity field are
shown in Figure 1 and Figure 2. The physical di-

ĭl :
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H

RESULTS
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mu s )

while ( sum / sum( S )  H ) (
specified percentage)
l=l+1 and sum=sum+ Sl
end while

ĭ
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set l=1 and sum=Sl

l matrix, each linear
To construct the
model in formula (17) is discretized by implicit
Euler:
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(k
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V cV
s

R

ĭ

i

ensemble

> V (t 0 ) V (t 2 )  V (t s1 )@

.

l matrix through
In this work, we construct the
application of KPOD. The KPOD approach combines the moment-matching property of Arnoldi
with POD’s data generalization ability to alleviate
POD’s dependence on the choice of snapshots and
the particular input conditions. The concept is based
on applying POD to a sequence of state-dependent
Arnoldi-generated bases to extract a single basis
that generalizes the sequence of state-dependent
bases.

reduced basis matrix
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By experiments, we use the following weight
function that is more effective [2]:
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change the BHP of the two production wells, and
they are set to 15MPa. The difference is larger
compared to the bottom hole pressure of training
simulation. The injection well BHPs are the same as
in the training simulation.
The results are shown for oil production rates
in two wells (Figure 3 and Figure 4), water production rates (Figure 5 and Figure 6), and water injection rates in two wells (Figure 7 and Figure 8). In
those figures, the black curves denote the full-order
model solution. The blue and red curves depict the
POD-TPWL and KPOD-ITPWL solutions, respectively.

rwell

is 0.1016m.
The end point relative permeability of oil phase

kro0 is 0.9ˈand the end point relative permeability
k0
of water phase rw is 0.6. Oil phase Corey index

no is 2.0, and water phase Corey index nw is 2.0.
S
Residual oil saturation or is 0.2, and irreducible
S

water saturation wc is 0.2. There are two injection wells and two production wells. Capillary
pressure and gravity effects are neglected.
The first step in the POD-TPWL and
KPOD-ITPWL procedures is to perform training
runs using the full-order model to generate the
states and Jacobian matrices. For this reservoir
model a training simulation is performed. In this
simulation the BHPs of two injection wells are prescribed as 31MPa. This condition will be maintained in subsequent test runs (our focus here is on
varying the production well BHPs). For the production wells, the BHPs are prescribed as 20MPa.
In the training runs, we simulate reservoir
performance for a total of 2000 days with a maximum time step of 10 days. From the training runs
240 pressure and saturation snapshots and Jacobian
matrices are recorded. For POD-TPWL method, the
POD basis matrix is constructed following the ap-

FIGURE 1
Permeability field.

ĭ

l
proach described in [18]. The reduced basis
contains a total of 89 columns, 46 of which correspond to pressure states and 43 to saturation states,
and we obtain 12 linearization points. For the
KPOD-ITPWL, in the process of Arnoldi method,
the s is set to 3, and the final achieved basis matrix

ĭl , where l =65, has 65 basis vectors. It is less
than the unknown number of POD-TPWL method,
and we obtain 15 linearization points.
We next evaluate the predictive capability of
POD-TPWL and KPOD-ITPWL reduced order
model (ROM). In the test case, the BHP schedules
differ from those used in the training run. We

FIGURE 2
Porosity field.
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Water injection rate I2.
TABLE 1
Median errors in POD-TPWL and KPOD-ITPWL results.
/
POD-TPWL error/%
KPOD-ITPWL error/%
Oil production rate
5.6
2.3
Water production rate
6.7
4.9
Water injection rate
5.4
2.1
TABLE 2
Comparison of simulation time
Full-order
POD-TPWL
3318.418
71.923

/
Time(s)

To assess the quality of the reduced-order
models, we now define the error which is expressed

production optimization that require very large
numbers (e.g., thousands) of simulations, this
overhead is small relative to the cost of using
full-order for all simulation. In such cases, the use
of ROMs can provide significant reduction in
computational cost.

as a percentage. The time-average error Eqo in oil
production rate, for example, is given as [19-20]:

Eqo

1
n pw
Here

n pw

¦

³

T

0

j 1

qojFOM  qojROM dt

³

T

0

j
oFOM

q

qojFOM dt

and

qoj,ROM

u 100%

KPOD-ITPWL
62.012

(24)

CONCLUSIONS
are the oil production

An improved MOR called KPOD-ITPWL
were proposed. This MOR improves TPWL method
from linearization point selection and the weight
function, and then combined with the KPOD
method. The method thus provides higher accuracy
than the existing POD-TPWL method. The speed of
KPOD-ITPWL model is almost the same as
POD-TPWL model. It provides a runtime speedup
of about 50 for the quite small full-order model
considered in this work (greater speedup should be
obtained for the larger model). In future work, we
could enable the use of KPOD-ITPWL for the larger and much more complicated subsurface flow
models.

rate for well j by the full-order and reduced-order
(POD-TPWL or KPOD-ITPWL) model, respec-

n

tively. T is the total simulation time, pw is the
number of production wells. The median errors for
the results of POD-TPWL and KPOD-ITPWL
model are presented in Table 1.
From these figures and table, the results
demonstrate that when the difference of production
well BHPs is larger compared to the bottom hole
pressure of training simulation, the accuracy of
POD-TPWL
model
degrades,
however,
KPOD-ITPWL model still leads to solutions in relatively close agreement with the full-order model [7,
21-22].
The simulation times for the full-order reservoir simulation, the POD-TPWL, and the
KPOD-ITPWL model are shown in Table 2. The
KPOD-ITPWL model reduces the simulation time
by about a factor of fifty.
The offline preprocessing cost for ROMs can
be relatively high. However, in applications such as
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CURRENT DISTRIBUTION MAP OF COMMON
COCKLEBUR (XANTHIUM STRUMARIUM L.) IN TURKEY
Cumali Ozaslan*
Dicle University, Faculty of Agriculture, Department of Plant Protection, Diyarbakir, Turkey

cies reproducing solely by seeds. The species is originated in the North America and frequently distributed in corn and soybean fields in Europe and the
United States [1]. It is a major weed of row crops
such as soybeans, cotton, maize and groundnuts in
many parts of the world [2-5]. Furthermore, it is considered as a threat for native biodiversity in its invaded ranges [6, 7]. Nonetheless, it serves as an alternative host for numerous crop pests [8, 9]. The
species is mostly distributed in open, disturbed areas,
particularly flood-prone regions with good soil moisture [10, 11]. It is frequently observed along roadsides, railway banks, small streams, and riverbanks,
as well as on the edges of ponds and freshwater
marshes.
Common cocklebur is found between 53º
Northern and 33º Southern latitudes in Turkey. Istanbul, Bolu, Adapazari, Kastamonu, Kütahya, Samsun,
ø]PLU 0DQLVD $QNDUD (U]XUXP 9DQ ùDQOÕXUID
(Ok]Õ÷ 'L\DUEDNÕU 'HQL]OL $QWDO\D $GDQD DQG
Mardin are the cities where it is frequently observed
in different crops [12]. Although the species is distributed in temperate regions, it can be observed in
the regions having subtropical and tropical climates
[13]. Seed germination and flowering of the species
are adversely affected by temperatures >35 ºC [14].
Turkey is divided into seven different geographic regions, each having specific climate. The species is
widespread in the country; however, its current distribution map is missing. Nonetheless, the factors affecting the distribution of the species are unknown in
the country.
Limited distribution data of weeds and invasive
plant species makes their management a challenging
task [15]. Current distribution maps could help to
halt the spread and management of weeds and invasive plant species at larger and regional contexts [1518]. Therefore, it is mandatory to collect the occurrence data of weeds and invasive plant species to
map their invasion route and develop effective management strategies [19, 20]. However, data availability at regional scales is poor and compiled from various unreliable sources [15, 17]. Spatial distribution
maps are of great significance for predicting the invasion risks [21] and management strategies at different geographic scales [22].
Several studies have reported the occurrence of
common cocklebur in Turkey in different field crops.
The species have been reported from Çukurova and

ABSTRACT
Rich floristic diversity of Turkey makes it a biodiversity hotspot in the Europe. Unfortunately, no
comprehensive database exists for the current distribution maps of weeds and invasive plant species in
the country. Species distribution data, particularly of
invasive plants and weed species, give empirical information for their successful management. Common cocklebur (Xanthium strumarium L.) is a naturalized species in Turkey, which infests several crops
and significantly reduces their yield. Current study
was aimed to construct the current distribution map
of the species in the country. Furthermore, determining the soil properties associated with the distribution of the species was the other major aim of the
study. Exploratory surveys were conducted in three
regions, i.e., Black Sea, Marmara and Southeastern
Anatolia during 2014 to 2017. Survey locations were
specified by dividing these regions into 10×10 km
systematic grids and nodes of the grids were surveyed to record the presence/absence of the species.
Data relating to presence/absence, geographic coordinates and species’ density were recorded. Nonetheless, soil samples were collected for correlating species’ presence with soil properties. A total 910 locations were surveyed and the species was recorded at
323 sites with 35.49% frequency of occurrence. The
density of the species varied from 1 to 32 plants m2.
The species was distributed in all surveyed regions;
however, the densest stands were noted for southeastern Anatolia region. Principal component analysis revealed a weak correlation among soil properties
and density of the species. The current study adds
valuable information, which can be used in future
studies dealing with range shifts or effects of climate
change on the distribution of the species.
KEYWORDS:
Distribution map, common cocklebur, spatial distribution,
soil properties, southeastern Anatolia

INTRODUCTION
Common cocklebur (Xanthium strumarium L.),
a member of the Asteraceae, is an annual weed spe-
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Antalya regions [23-28], southeastern Anatolia region [29, 30], Aegean region [31-33],
.DKUDPDQPDUDú SURYLQFH >@ (U]LQFDQ SURYLQFH
[35], Tokat province [36-38], Samsun province [39]
DQG 'L\DUEDNÕU SURYLQFH >-44]. Furthermore, the
species have also been reported from other provinces
VXFKDV1L÷GH>@DQG.D\VHUL>@DQGVLJQLI
icant losses have been recorded in fruit orchards due
to common cocklebur. Nonetheless, a recent study
has projected the impacts of climate change on the
distribution of the species in the country [48]. However, these studies have never reported geographic
coordinates of the occurrence sites of the species.
The recent study on climate change, although provided distribution map of the species, it was mostly
based on estimated coordinates based on the earlier
occurrence reports.
Therefore, current study attempted to map the
current distribution of the species in the country
through exploratory surveys. It was hypothesized
that species will be distributed in all surveyed regions with significant differences among the regions
for density. Furthermore, the species will show correlation with specific soil properties.

Soil analysis The collected soil samples were
analyzed to determine the physicochemical properties. The samples were air-dried and passed through
a 2-mm sieve. Walkley and Black method [49] was
followed to determine organic matter content. Hydrometer method in a sedimentation cylinder, using
sodium hexametaphosphate as the dispersing agent
was used to determine particle size distribution [50].
The pH and electrical conductivity (EC) were measured in a saturated paste [51]. Calcimeter method [52]
was used to determine CaCO3.
Data analysis Soil properties data were analyzed by descriptive statistics. The occurrence records were mapped by retrieved geographic locations
using ArcGis software [53]. Descriptive statistics
were computed on SPSS statistical software [54].
Ordinary kriging is the most commonly method used
for interpolation analysis in ecological studies [55].
It provides an estimate of the un-sampled locations
based on the weighted average of neighbor locations.
The density data of Marmara and Black Sea regions
resulted in poor model; therefore, spatial distribution
map was created for southeastern Anatolia region
only.
Principal component analysis (PCA) was conducted to correlate soil properties and density of the
VSHFLHV9DULPD[URWDWLRQZLWK.DLVHUQRUPDOL]DWLRQ
was used for easier interpretation of the data. The
PCA was executed on SPSS software and biplot was
used for the interpretation of results.

MATERIALS AND METHODS
Field Surveys Exploratory surveys were conducted during 2014 to 2017in three different geographic regions of Turkey, including Black Sea, Marmara and southeastern Anatolia. The regions were
divided into 10 × 10 km systematic grids and nodes
of the specified grids were surveyed. Geographic locations of surveyed sites were retrieved with global
positioning system receiver. The occurrence of the
species was recorded at each sampling location and
soil samples from 0-20 cm depth were collected.
Data relating to species’ density (plants per m2) and
presence/absence were noted. A total 910 sites were
surveyed in three regions (Figure 1). According to
the regions, 446, 319 and 145 locations were surveyed in southeastern Anatolia, Black Sea and Marmara, respectively.

RESULTS
Distribution map The species was recorded
from all surveyed regions. The highest number of occurrence records were observed from southeastern
Anatolia region, followed by Black Sea and Marmara regions, respectively (Table 1). The highest frequency of occurrence (47.53%) was noted in southeastern Anatolia region, whereas the lowest (22.76%)
was recorded for Marmara region. The distribution
map of 323 occurrence records is presented in Figure
2.

FIGURE 1
The locations of the surveyed sites to record the occurrence of Xanthium strumarium in Turkey (n = 910).
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TABLE 1
Surveyed location, occurrence records and frequency of occurrence of Xanthium strumarium in Turkey
Region
Surveyed lo- Occurrence records Frequency of Occurrence (%)
cations
446
212
47.53
Southeastern Anatolia
Black Sea
319
78
24.45
Marmara
145
33
22.76
Total
910
323
-

FIGURE 2
Current distribution map of Xanthium strumarium in Turkey (n = 323)
Results of the current study confirm the distribution of the species reported by several earlier studies. The species have been reported from Çukurova
and Antalya regions [23-28], southeastern Anatolia
region [29, 30], Aegean region [31-33],
.DKUDPDQPDUDú SURYLQFH >@ (U]LQFDQ SURYLQFH
[35], Tokat province [36-38], Samsun province [39]
DQG 'L\DUEDNÕU SURYLQFH >-44]. Furthermore, the
species have also been reported from other provinces
VXFKDV1L÷GH>@DQG.D\VHUL>@DQGVLJQLI
icant losses have been recorded in fruit orchards. The
underreported data can lead to misleading results in
climate change studies [56, 57]. Therefore, using the
occurrence records at regional scales are of great significance and improve the reliability of such studies.

[58, 59]. Nonetheless, different management practices strongly affect soil properties [60, 61]. Several
earlier studies describing the distribution of weed
species in different geographic regions of the country have reported significant variation in soil properties [55, 62]. Thus, the results of the current study are
in line with the earlier findings relating to soil properties variation in the country.
The PCA with varimax rotation resulted in
three principal components (PC) with eigenvalues >1. The first component was positively influenced by clay, whereas negatively affected by sand
and organic matter contents. The second PC was positively influenced by EC. The third PC was positively correlated with silt and CaCO3 (Table 3).
These results indicates that soil properties influencing first three PCs were the possible drivers shaping
the distribution of the species. However, biplot of
soil properties and occurrence records indicated no
strong positive relation among any of the soil property and occurrence records (Figure 3).
Distribution and establishment of weed communities
are affected by several factors, including soil properties and weather attributes [55, 62-65]. Preference of
a weed species for a particular soil property may increase or decrease its density on different soil.
Patchy distribution of weeds in arable fields and orchards is due to preference of weeds for a particular
soil property [66]. However, common cocklebur was
not associated with any specific soil property,

Soil properties Soil properties of the surveyed
locations exhibited significant variation. Sand contents varied from 4.8 to 72.30% with a mean value
of 27.10%. Similarly, silt contents varied between
2.50 to 50.00% with a mean value of 24.43%. The
clay contents ranged between 15.20 and 80.20%
with a mean of 48.93%. The CaCO3 varied from 1.31
to 74.58% with mean value of 20.62%. Likewise, organic matter ranged between 0.07-8.25% and mean
was 2.16%. The pH had slight variation among the
surveyed locations. However, significant variations
were noted for EC ranging from 0.71 to 4750 mS m1 (Table 2).
The varying soil properties of the surveyed
sites are directly linked with soil diversity in Turkey
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FIGURE 3
Biplot indicating the correlation of occurrence records of Xanthium strumarium with soil properties (The +
signs are occurrences, whereas ˙ indicate absences)
TABLE 2
Descriptive statistics of soil properties of the surveyed locations to map the current distribution of
Xanthium strumarium in Turkey
Soil properties

Minimum

Maximum

Mean

Standard deviation

Sand (%)
Silt (%)
Clay (%)
CaCO3 (%)
Organic matter (%)
pH
EC (mS m-1)
Phosphorus (ppm)

4.80
2.50
15.20
1.31
0.07
6.26
0.71
6.84

72.30
50.00
80.20
74.58
8.25
8.41
4750.00
205.11

27.10
24.43
48.39
20.62
2.16
7.67
512.84
36.73

12.51
6.56
13.64
15.96
1.01
0.33
395.14
23.34

indicating its non-selective nature. Nonetheless, exploring the relation between environmental factors
of the occurrence sites could result in interesting
findings.

The spread of species could be halted with the availability of distribution maps in space and time [15-18,
66-69]. Nonetheless, invasion routes can be defined
and management strategies can be developed using
such maps [15-20]. However, limited data with low
accuracy are available at regional and landscape
scales [15, 17]. Spatial distribution maps are of great
significance for predicting invasion risks [21] and
management strategies at different geographic scales
[22]. The current study has made a significant contribution towards the current and spatial distribution
of common cocklebur in Turkey. These data could be
utilized for modelling studies and devising management strategies.

Spatial distribution map The species showed
a varying distribution with some sites having intense
stands, whereas others had low density (Figure 4).
The variation in density could be related with availability of optimum habitat required for establishment
and persistence of the species.
The management of weeds and invasive species
is limited by low availability of distribution data [15].
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TABLE 3
Factor loadings of first three principal components of PCA executed to determines the relationship between soil properties and occurrence of Xanthium strumarium in Turkey
Soil properties
PC1
PC2
PC3
-0.44
-0.39
Sand (%)
-0.75
-0.31
-0.18
Silt (%)
0.72
0.48
-0.01
Clay (%)
0.84
-0.17
-0.10
0.67
CaCO3 (%)
0.45
0.20
Organic matter (%)
-0.60
0.57
-0.35
0.42
pH
-0.07
0.03
EC (mS m-1)
0.67
-0.52
0.56
0.12
Phosphorus (ppm)
2.35
1.56
1.35
Eigenvalue
29.37
19.47
16.88
Variability (%)
29.37
48.84
65.72
Cumulative %

FIGURE 4
Spatial distribution map of Xanthium strumarium in southeastern Anatolia region of Turkey
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6SRUWV7RXULVP LQGXVWU\ LV DQ HPHUJLQJ LQ
GXVWU\ FRPELQLQJ VSRUWV DQG WRXULVP ZKLFK SOD\V
DQ LPSRUWDQW UROH LQ PHHWLQJ WRXULVWV  VSRUWV QHHGV
SURPRWLQJ WKH LQWHJUDWHG GHYHORSPHQW RI VSRUWV
LQGXVWU\DQGYDULRXVLQGXVWULHVDQGRSHQLQJXSWKH
PDUNHW RI WRXULVP LQGXVWU\ 7KLV VWXG\ LQWURGXFHV
WKH EDVLF FRQFHSWV RI JUHHQ HFRQRP\ DQG VSRUWV
WRXULVPDQDO\]HVWKHFXUUHQWGHYHORSPHQWVLWXDWLRQ
RI GRPHVWLF VSRUWV WRXULVP LQGXVWU\ DQG DQDO\]HV
WKH GRPHVWLF WRXULVW VRXUFH RI VSRUWV WRXULVP IURP
IRXUDVSHFWVRIDJHRFFXSDWLRQSXUSRVHDQGVHOHF
WLRQ RI VSRUWV WRXULVP SURMHFWV DOVR DQDO\]HV WKH
GHYHORSPHQW RI GRPHVWLF VSRUWV WRXULVP LQGXVWU\
IURP IRXU SHUVSHFWLYHV RI DGYDQWDJHV GLVDG
YDQWDJHVRSSRUWXQLWLHVDQGFKDOOHQJHV)LQDOO\WKH
SDSHUSXWVIRUZDUGWKHGHYHORSPHQWSDWKDQGFRXQ
WHUPHDVXUHV RI VSRUWV WRXULVP LQGXVWU\ XQGHU WKH
JUHHQHFRQRP\LQ&KLQD:LWKWKHJXLGDQFHRIWKH
JRYHUQPHQW WKH VXVWDLQDEOH GHYHORSPHQW FRQFHSW
RI JUHHQ HFRQRP\ VKRXOG EH HVWDEOLVKHG DQG WKH
SURGXFWLRQIDFWRUVRIVSRUWVWRXULVPLQGXVWU\VKRXOG
EH LQQRYDWHG LQ WKH GHYHORSPHQW RI VSRUWV WRXULVP
LQGXVWU\VRDVWRSURPRWHWKHJUHHQGHYHORSPHQWRI
LQGXVWU\



WHQWLDORIGRPHVWLFVSRUWVWRXULVPLQGXVWU\LVKXJH
:LWKWKHLQFUHDVHRIIRUHLJQWRXULVWVDQGWKHDUULYDO
RI WKH HUD RI QDWLRQDO HQWHUWDLQPHQW WKH GHYHORS
PHQWRSSRUWXQLWLHVRIGRPHVWLFVSRUWVLQGXVWU\DOVR
IROORZ +RZHYHU DW SUHVHQW WKH GRPHVWLF VSRUWV
WRXULVPLQGXVWU\ODFNVWKHRYHUDOOSODQQLQJDQGWKH
JRYHUQPHQWSROLF\VXSSRUWLVQRWHQRXJKUHVXOWLQJ
LQH[WUHPHO\XQIULHQGO\HFRORJLFDOHQYLURQPHQWDQG
WKH IUHTXHQW RFFXUUHQFH RI EOLQG GHYHORSPHQW
7KHVH DUH QRW RQO\ WKH GDPDJH WR HFRORJLFDO HQYL
URQPHQWEXWDOVRWKHZDVWHRIHFRORJLFDOUHVRXUFHV
ZKLFK LV FRPSOHWHO\ LQFRQVLVWHQW ZLWK WKH JUHHQ
GHYHORSPHQW FRQFHSW RI PRGHUQ HFRQRP\ VR WKLV
GHYHORSPHQWPRGHZLOOGHILQLWHO\EHHOLPLQDWHGE\
WKH PRGHUQ VRFLHW\ >@ 7KHUHIRUH WKH JRYHUQPHQW
VKRXOG IRUPXODWH UHOHYDQW SROLFLHV WR SURPRWH WKH
GHYHORSPHQW RI VSRUWV WRXULVP LQGXVWU\ UHVWULFW
GHYHORSHUV  GLVKDUPRQLRXV GHYHORSPHQW RI HFRORJ
LFDOHQYLURQPHQWDQGSURYLGHVXIILFLHQWLPSHWXVIRU
WKH VXVWDLQDEOH GHYHORSPHQW RI VSRUWV WRXULVP LQ
GXVWU\


0$7(5,$/6$1'0(7+2'6

&RQFHSW 'HILQLWLRQ *UHHQ (FRQRP\*UHHQ
HFRQRP\ LV WKH GHYHORSPHQW GLUHFWLRQ RI PRGHUQ
HFRQRPLF FRQVWUXFWLRQ ,W LV D QHZ IRUP RI HFR
QRPLF GHYHORSPHQW EDVHG RQ WUDGLWLRQDO HFRQRP\
DQGJXLGHGE\WKHPDUNHWWRDFKLHYHWKHFRRUGLQDW
HG GHYHORSPHQW RI HFRQRP\ DQG HFRORJ\ >@ $W
SUHVHQWWKHLQWHUSUHWDWLRQRIJUHHQHFRQRP\PDLQO\
LQFOXGHV WZR DVSHFWV RQH LV IURP WKH FRQFHSWXDO
OHYHO *UHHQ HFRQRP\ LV D QHZ IRUP RI VRFLDO DQG
HFRQRPLF GHYHORSPHQW ZLWK WKH PDLQ SXUSRVH RI
EXLOGLQJ DQ HQYLURQPHQWIULHQGO\ DQG HQHU
J\VDYLQJVRFLHW\GULYHQE\UHGXFLQJWKHFRQVXPS
WLRQ RI HFRORJLFDO UHVRXUFHV DQG QDWXUDO HQYLURQ
PHQWDOSROOXWLRQDQGZLWKJUHDWVRFLDOGHYHORSPHQW
SRWHQWLDO DQG H[WUHPHO\ KLJK HFRQRPLF GHYHORS
PHQWYDOXH>@*UHHQHFRQRP\VKRXOGUHDOL]HWKH
JUHHQLQJ RI HFRQRP\ HQKDQFH WKH YLWDOLW\ RI HFR
QRPLF GHYHORSPHQW DQG WKH DELOLW\ RI VXVWDLQDEOH
GHYHORSPHQWDFKLHYHWKHJUHHQLQJRIWKHHFRQRPLF
LQGXVWU\ RSWLPL]H WKH VWUXFWXUH RI WKH HFRQRPLF
LQGXVWU\ LQWHJUDWH DQG SURPRWH WKH JUHHQLQJ FRQ
VWUXFWLRQRIYDULRXVLQGXVWULHV>@

.(<:25'6
*UHHQHFRQRP\7RXULVP'HYHORSPHQWSDWK6XVWDLQDEOH
GHYHORSPHQW



,1752'8&7,21

:LWK WKH UDSLG GHYHORSPHQW RI HFRQRP\ WKH
SHU FDSLWD LQFRPH LQ &KLQD LV LQFUHDVLQJ \HDU E\
\HDUDQGSHRSOH VGHVLUHIRUWRXULVPLVPRUHLQWHQVH
7UDGLWLRQDO WRXULVP LQGXVWU\ FDQQRW PHHW SHRSOH V
SV\FKRORJLFDOQHHGV$VDQHPHUJLQJLQGXVWU\FRP
ELQLQJ VSRUWV LQGXVWU\ DQG WRXULVP LQGXVWU\ VSRUWV
WRXULVP LQGXVWU\ FDQ QRW RQO\ PHHW WRXULVWV  QHHGV
IRU VLJKWVHHLQJ DQG SOD\LQJEXW DOVR SOD\ D UROH LQ
VSRUWV ILWQHVV ZKLFK KDV DWWUDFWHG PRUH DQG PRUH
DWWHQWLRQ>@'XHWRWKHYDVWWHUULWRU\ULFKDQGGL
YHUVH FOLPDWH FRXSOHG ZLWK ULFK KLVWRULFDO EDFN
JURXQG DQG QDWLRQDO FXOWXUH WKH GHYHORSPHQW SR
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6SRUWV7RXULVP 6SRUWV  7RXULVP
PHDQVWRDFKLHYHWKHHIIHFWRIWRXULVPLQWKHZD\RI
VSRUWV DFWLYLWLHV ,W KDV WKH FKDUDFWHULVWLFV RI VSRUWV
DQGWRXULVPVLPXOWDQHRXVO\DQGLVDFRPELQDWLRQRI
VSRUWV DFWLYLWLHV DQG WRXULVP SURMHFWV >@ 6SRUWV
WRXULVPWDNHVWKHUHVRXUFHVDQGHTXLSPHQWRIVSRUWV
DFWLYLWLHVDVWKHEDVLFFRQGLWLRQVH[FDYDWHVLWVWRXU
LVP DWWULEXWHV DFKLHYHV WKH FRPSOHPHQWDULW\ EH
WZHHQVSRUWVDQGWRXULVPDQGIRUPVPRUHDWWUDFWLYH
DQG FRPSHWLWLYH VSRUWV WRXULVP SURGXFWV ,W LV QRW
RQO\ IRU WRXULVWV WR PHHW WKHLU WRXULVP QHHGV EXW
DOVR WR H[HUFLVH E\ SDUWLFLSDWLQJ LQ VSRUWV HYHQWV
)URP WKH SHUVSHFWLYH RI WRXULVP VSRUWV WRXULVP
PHDQVWKDWSHRSOHJRWRIRUHLJQFRXQWULHVWRSDUWLF
LSDWHLQWRXULVPLQRUGHUWRPHHWWKHLURZQQHHGVIRU
VSRUWV DFWLYLWLHV &RPSDUHG ZLWK RUGLQDU\ VSRUWV
HYHQWV VSRUWV WRXULVP LV D VSRUWV HYHQW ZLWK DOOR
SDWU\ HQWHUWDLQPHQW DQG FRPSUHKHQVLYHQHVV >@
6SRUWV WRXULVP SURMHFWV DUH JHQHUDOO\ GLYLGHG LQWR
WKUHH W\SHV H[SHULHQFH W\SH RUQDPHQWDO W\SH DQG
SK\VLFDOW\SH DVVKRZQLQ)LJXUH RIZKLFKH[
SHULHQFH W\SH LQFOXGHV VQRZ VSRUWV ZDWHU VSRUWV
DQG RXWGRRU DGYHQWXUHV ZKLOH RUQDPHQWDO W\SH LQ
FOXGHVVSRUWVHYHQWVIRONDFWLYLWLHVHWFDQGSK\V
LFDO W\SH LQFOXGHV SHUVRQDOL]HG J\PQDVLXP WKHPH
SDUNDQGVRPHWUDLQLQJEDVHV>@
6SRUWV WRXULVP LQGXVWU\ KDV REYLRXV FKDUDF
WHULVWLFV RI LQGXVWULDO LQWHJUDWLRQ 6SRUWV LQGXVWU\
DQGWRXULVPLQGXVWU\SHQHWUDWHDQGPHUJHZLWKHDFK
RWKHU RYHUWKURZLQJ WKH RULJLQDO LQGXVWULDO FKDUDF
WHULVWLFV DQG GHYHORSLQJ PRUH SHUVRQDOL]HG LQGXV
WULDO SURMHFWV >@ ,Q DGGLWLRQ VSRUWV WRXULVP KDV
WKH FKDUDFWHULVWLFV RI LQGXVWULDO VWUXFWXUH GLYHUVLW\
$SDUWIURPWKHPRVWEDVLFVSRUWVLQGXVWU\DQGWRXU
LVPLQGXVWU\WKHZKROHVSRUWVWRXULVPLQGXVWU\DOVR
UXQV WKURXJK FDWHULQJ LQGXVWU\ HQWHUWDLQPHQW LQ
GXVWU\ WUDQVSRUWDWLRQ LQGXVWU\ DQG RWKHU LQGXVWULHV
$OO LQWHUQDO LQGXVWULHV FRPSOHPHQW HDFK RWKHU DQG
IRUPWKHLQWHJULW\RIVSRUWVWRXULVPLQGXVWU\


                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

5(68/76 

$QDO\VLV RQ WKH 'HYHORSPHQW RI 'RPHVWLF
6SRUWV 7RXULVP &XUUHQW 6LWXDWLRQ RI 'RPHVWLF
6SRUWV7RXULVP'HYHORSPHQW:LWKWKHSRSXODULW\
RI VSRUWV WRXULVP LQGXVWU\ PRUH DQG PRUH VSRUWV
WRXULVPUHVRXUFHVKDYHEHHQGHYHORSHGDQGXWLOL]HG
7KH VSRUWV WRXULVP LQGXVWU\ LV G\QDPLF ZLWK GLI
IHUHQW HYHQWV LQ GLIIHUHQW VHDVRQV DQG UHJLRQV
$EXQGDQWQDWXUDODQGHFRORJLFDOUHVRXUFHVDQGKX
PDQUHVRXUFHVDUHHVVHQWLDOIDFWRUVIRULWVGHYHORS
PHQW&KLQDKDVDYDVWWHUULWRU\DQGWKHJHRJUDSK
LFDOHQYLURQPHQWDQGFOLPDWLFFRQGLWLRQVRIYDULRXV
SURYLQFHV DQG FLWLHV DUH GLIIHUHQW SURYLGLQJ PRUH
EDVLF FRQGLWLRQV IRU WKH GHYHORSPHQW RI GRPHVWLF
VSRUWV WRXULVP LQGXVWU\ >@ 7KH 6WDWH 6SRUW
*HQHUDO $GPLQLVWUDWLRQ KDV SURSRVHG WKDW WKH WRWDO
YDOXH RI GRPHVWLF VSRUWV WRXULVP VKRXOG UHDFK 
WULOOLRQ E\  DQG WKH GHYHORSPHQW RI VSRUWV
WRXULVP SURMHFWV ZLOO EH FRQWLQXRXVO\ SURPRWHG
%DVHGRQWKHVHSUHPLVHVWKHPRPHQWXPRIFXUUHQW
GRPHVWLF VSRUWV WRXULVP UHVRXUFHV GHYHORSPHQW LV
VWURQJZLWK DYDULHW\RISURGXFW W\SHV ZKLFK SUR
YLGHV D KXJH SRVVLELOLW\ IRU WKH ULVH RI WKH VSRUWV
WRXULVPLQGXVWU\

&XUUHQW6LWXDWLRQRI'RPHVWLF6SRUWV7RXU
LVW6RXUFH$FFRUGLQJWRWKHGDWDRI&KLQD7RXULVP
1HWZRUN WKH QXPEHU RI VSRUWV WRXULVWV LQ 
UHDFKHGPLOOLRQDFFRXQWLQJIRUDERXWRI
WKHWRWDOQXPEHURIWRXULVWV7KLVVWXG\DQDO\]HVWKH
WRXULVWVRXUFHRIWKHGRPHVWLFVSRUWVWRXULVPPDUNHW
LQIURPIRXUDVSHFWVDJHRFFXSDWLRQWRXULVP
SXUSRVHDQGSURMHFWVHOHFWLRQ




),*85(
6SRUWV7RXULVP7\SHV
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),*85(
$JH'LVWULEXWLRQRI'RPHVWLF6SRUWV7RXULVWVLQ


),*85(
2FFXSDWLRQ'LVWULEXWLRQRI'RPHVWLF6SRUWV7RXULVWVLQ

$JH 'LVWULEXWLRQ$V VKRZQ LQ )LJXUH  LQ
GRPHVWLFVSRUWVWRXULVWVDUHFRQFHQWUDWHGXQ
GHUWKHDJHRIDFFRXQWLQJIRURIWKHWRWDO
$PRQJWKHPFKLOGUHQDQGWHHQDJHUVXQGHUWKHDJH
RIDFFRXQWIRUDFFRXQWVIRU
DFFRXQWVIRUWKHKLJKHVWSURSRUWLRQUHDFKLQJ
  DFFRXQWV IRU  ZKLFK LV PXFK
OHVV WKDQ   DFFRXQWV IRU  
DFFRXQWVIRUDQGWKHSURSRUWLRQLVRQO\QH[W
WR WKH  DJH JURXS DIWHU EHLQJ RYHU  WKH
QXPEHU RI WRXULVWV GHFOLQHV VKDUSO\ 7KH WZR DJH
JURXSV ZLWK WKH KLJKHVW SURSRUWLRQ DUH  DQG
 ZKLFK LV GXH WR WKH IDFW WKDW SHRSOH DJHG
 \HDUV ROG DUH HQHUJHWLF WHHQDJHUV PRVW RI
ZKRPDUHDWVFKRRORUMXVWFRPHRXWWRZRUNZLWK
PRUH IUHH WLPH DQG OHVV SUHVVXUH RQ OLIH ZKLOH
DJHJURXSEHORQJVWRWKHPLGGOHDJHGSHRSOH
ZLWKVWDEOHFDUHHUZKRKDYHPRUHWLPHDQGHQWKX
VLDVP IRU SXUVXLQJ OLIH LQWHUHVW DQG WKHVH WZR DJH
JURXSVDUHDOVRLPSRUWDQWSDUWVRIGRPHVWLFWRXULVWV





2FFXSDWLRQ'LVWULEXWLRQ,QWKHUHLVQR
VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH RFFXSDWLRQ GLV
WULEXWLRQ RI VSRUWV WRXULVWV DQG WKDW RI WUDGLWLRQDO
WRXULVWVERWKRIZKLFKKDYHRFFXSDWLRQDOGLYHUVLW\
7KH PRVW LQIOXHQWLDO IDFWRUV DUH VSDUH WLPH DQG LQ
FRPH>@$PRQJWKHPWHDFKHUVDQGVWXGHQWVDUH
WKH ODUJHVW JURXS DFFRXQWLQJ IRU  RI WKH WRWDO
ZKLFKLVFRQVLVWHQWLQYDULRXVIRUPVRIWRXULVPLQ
GXVWU\ 7HDFKHUV DQG VWXGHQWV KDYH D ORW RI VSDUH
WLPHZKLFKLVHVVHQWLDOIRUSDUWLFLSDWLQJLQWRXULVP
LQGXVWU\,QDGGLWLRQSURIHVVLRQDOLQFRPHDOVRKDVD
FUXFLDOLPSDFWRQWKHHQWKXVLDVPRIWRXULVWVWRSDU
WLFLSDWH LQ VSRUWV WRXULVP $IWHU DOO WRXULVP LV D
VSHQGLQJDFWLYLW\VRJURXSVZLWKKLJKSURIHVVLRQDO
LQFRPH RIWHQ KDYH DQ DGYDQWDJH LQ WKLV UHJDUG
7KHUHIRUH OHLVXUH DQG PRQH\ EURXJKW E\ SUR
IHVVLRQDO FKDUDFWHULVWLFV DUH WKH WZR PDLQ UHDVRQV
WKDWDIIHFWWKHHQWKXVLDVPRISDUWLFLSDWLQJLQVSRUWV
WRXULVP
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3XUSRVH'LVWULEXWLRQ$VVKRZQLQ)LJXUH
WKHUHDUHILYHW\SHVRIWRXULVWV SXUSRVHVIRUSDUWLFL
SDWLQJ LQ VSRUWV WRXULVP LQFOXGLQJ OHLVXUH DQG HQ
WHUWDLQPHQW VLJKWVHHLQJ H[HUFLVH ILWQHVV H[HUFLVH
FRXUDJH DQG FKDOOHQJH H[WUHPHV $PRQJ WKHP LQ
 WKH SURSRUWLRQ RI GRPHVWLF VSRUWV WRXULVP
SXUSRVHVIRUOHLVXUHDQGHQWHUWDLQPHQWLVWKH
SURSRUWLRQ RI VLJKWVHHLQJ LV WKH KLJKHVW UHDFKLQJ
ZKLOHH[HUFLVHILWQHVVH[HUFLVHFRXUDJHDQG
FKDOOHQJH H[WUHPHV DUH   DQG 
UHVSHFWLYHO\ 7KH GDWD VKRZV WKDW VSRUWV WRXULVP
VKRXOGIRFXVRQLPSURYLQJWKHVSRUWLQHVVFKDOOHQJH
DQG VWLPXODWLRQ RI WKH SURMHFW VR DV WR IXOO\ PHHW
WKH QHHGV RI WRXULVWV IRU H[HUFLVH ILWQHVV H[HUFLVH
FRXUDJH DQG FKDOOHQJH H[WUHPHV 0RUHRYHU VSRUWV
WRXULVP VKRXOG PDNH FOHDU LWV RZQ GHYHORSPHQW
GLUHFWLRQ HVWDEOLVK OHLVXUH DQG HQWHUWDLQPHQW DQG
VLJKWVHHLQJDVWKHEDVLFFRPELQDWLRQSRLQWDQGWKHQ
WDNHWRXULVWV WRXULVPSXUSRVHDVWKHJXLGHGHYHORS
LWVRZQVSRUWVDWWULEXWHVHQULFKVSRUWVWRXULVPSUR


                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

MHFW SODQQLQJ JLYH IXOO SOD\ WR LWV DGYDQWDJHV DQG
LPSURYHWKHPDUNHWFRPSHWLWLYHQHVVRIVSRUWVWRXU
LVP

3URMHFW 6HOHFWLRQ 'LVWULEXWLRQ $V FDQ EH
VHHQIURP)LJXUHWKHPRVWSRSXODUVSRUWVWRXULVP
SURMHFWV LQ &KLQD DUH PRXQWDLQHHULQJ UDIWLQJ VNL
LQJDQGVSRUWVHYHQWVDFFRXQWLQJIRU
DQGUHVSHFWLYHO\DQGWKHVXPRIWKHVH
IRXU W\SHV RI VSRUWV WRXULVP SURMHFWV DFFRXQWV IRU
 $PRQJ WKHP PRXQWDLQHHULQJ UDIWLQJ DQG
VNLLQJDUHH[SHULHQFHVSRUWVWRXULVPSURMHFWVZKLFK
DUHGLUHFWO\UHODWHGWRWKHVWLPXODWLRQDQGFKDOOHQJH
SXUVXHG E\ WRXULVWV 6SRUWV HYHQWV DUH RUQDPHQWDO
VSRUWVWRXULVPSURMHFWV:DWFKLQJVSRUWVHYHQWVFDQ
QRWRQO\VDWLVI\WRXULVWV ORYHIRUVSRUWVHYHQWVEXW
DOVRIXOO\XQGHUVWDQGWKHORFDOFXVWRPVDQGFXOWXUH
7KLV LV DOVR WKH UHDVRQ ZK\ LQWHUQDWLRQDO HYHQWV
VXFKDVWKH:RUOG&XSDQGWKH2O\PSLF*DPHVDUH
EHFRPLQJPRUHDQGPRUHSRSXODULQUHFHQW\HDUV

),*85(
3XUSRVH'LVWULEXWLRQRI'RPHVWLF6SRUWV7RXULVWVLQ


),*85(
3URMHFW6HOHFWLRQ'LVWULEXWLRQRI'RPHVWLF6SRUWV7RXULVWVLQ
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6:27 $QDO\VLV RI 'RPHVWLF 6SRUWV 7RXU
LVP $GYDQWDJH $QDO\VLV &KLQD KDV D YDVW ODQG
DUHD ODUJH ODWLWXGH DQG ORQJLWXGH VSDQ ULFK DQG
GLYHUVH FOLPDWH ULFK KLVWRULFDO GHWDLOV DQG QDWLRQDO
FXOWXUHDQGDODUJHQXPEHURIVSRUWVHYHQWV7KHVH
FKDUDFWHULVWLFV SURYLGH JUHDW FRQYHQLHQFH IRU WKH
GHYHORSPHQWRIVSRUWVWRXULVPSURMHFWV'HSHQGLQJ
RQ LWV FRDVWDO DGYDQWDJHV FRDVWDO FLWLHV FDQ FDUU\
RXWVRPHVSRUWVWRXULVPSURMHFWVVXFKDVVZLPPLQJ
GLYLQJERDWLQJHWFGHSHQGLQJRQLWVXQLTXHODQG
VFDSH HQYLURQPHQW DOSLQH FLWLHV FDQ FDUU\ RXW
VSRUWV WRXULVP SURMHFWV VXFK DV PRXQWDLQHHULQJ
UDIWLQJ RXWGRRU DGYHQWXUH HWF QRUWKHUQ FLWLHV FDQ
FDUU\ RXW VSRUWV WRXULVP SURMHFWV UHODWHG WR LFH DQG
VQRZ DFFRUGLQJ WR WKHLU FOLPDWH FRQGLWLRQV VRXWK
HUQ UHJLRQV FDQ FDUU\ RXW VSRUWV WRXULVP SURMHFWV
EDVHG RQ WKHLU VXIILFLHQW ZDWHU UHVRXUFHV VXFK DV
DTXDWLFVSRUWVWRXULVPSURMHFWVDQGGHVHUWH[SORUD
WLRQSURMHFWVFDQEHFDUULHGRXWLQGHVHUWDUHDV>@
,Q DGGLWLRQ WKH FXOWXUDO FKDUDFWHULVWLFV RI YDULRXV
HWKQLFJURXSVLQ&KLQDDUHRXWVWDQGLQJDQGWKHIRON
DFWLYLWLHVDUHULFKLQGLYHUVLW\ZKLFKLVFRQGXFLYHWR
WKH GHYHORSPHQW RI UHJLRQDO IRON VSRUWV WRXULVP
SURMHFWV 6HFRQGO\ &KLQD KDV D ODUJH SRSXODWLRQ
DQG D ODUJH GHPDQG IRU VSRUWV WRXULVP ZKLFK SUR
YLGHV WKH PRVW EDVLF WRXULVW VRXUFH IRU SURPRWLQJ
WKH GHYHORSPHQW RI VSRUWV WRXULVP LQGXVWU\ 7KH
LQFUHDVH RI SHU FDSLWD GLVSRVDEOH LQFRPH SURYLGHV
ILQDQFLDO JXDUDQWHH IRU WKH WRXULVP LQGXVWU\ DQG
GLUHFWO\ SURPRWHV WKH GHYHORSPHQW RI VSRUWV WRXU
LVPLQGXVWU\

'LVDGYDQWDJH$QDO\VLV)LUVWWKHUHLVDODFNRI
RYHUDOOSODQQLQJ DQGEOLQGQHVV LQGHYHORSPHQW$V
D NLQG RI WRXULVP VSRUWV WRXULVP LV DOVR EDVHG RQ
WKH GHYHORSPHQW RI QDWXUDO HFRORJLFDO UHVRXUFHV
+RZHYHUWKHFXUUHQWGHYHORSPHQWRIVRPHGRPHV
WLFVSRUWVWRXULVPUHVRXUFHVLVEOLQGGXHWRWKHODFN
RI RYHUDOO SODQQLQJ ,W LV H[WUHPHO\ VHULRXV WR GH
VWUR\HFRORJLFDOUHVRXUFHVLQRUGHUWRGHYHORSWRXU
LVPUHVRXUFHVDQGREWDLQEHQHILWV7KHEOLQGGHYHO
RSPHQW ZLWKRXW RYHUDOO SODQQLQJ UHVXOWV LQ ZDVWH
DQG GHVWUXFWLRQ RI HFRORJLFDO UHVRXUFHV DQG WKH
UHXVHUDWHRIEOLQGO\GHYHORSHGHFRORJLFDOUHVRXUFHV
LV H[WUHPHO\ ORZ EDVLFDOO\ ORVLQJ LWV RULJLQDO WRXU
LVP YDOXH DQG FDXVLQJ LQFDOFXODEOH GDPDJH WR WKH
HFRORJLFDOHQYLURQPHQW>@
6HFRQG WKH PDUNHW KDV FHUWDLQ OLPLWDWLRQV
7KHVWUHQJWKRIWKHWRXULVPPDUNHWGHSHQGVRQWKH
GHPDQG DQG WKH GLUHFW IDFWRUV WKDW DIIHFW WKH GH
PDQGDUHZKHWKHUSHRSOHKDYHIUHHWLPHDQGILQDQ
FLDOJXDUDQWHH(YHQWKRXJKRXUFRXQWU\KDVDODUJH
SRSXODWLRQUDSLGHFRQRPLFGHYHORSPHQWDQGULVLQJ
SHU FDSLWD LQFRPH LW LV QRW HQRXJK WR JUHDWO\ SUR
PRWH WKH GHYHORSPHQW RI VSRUWV WRXULVP LQGXVWU\
%HVLGHV PRVW WRXULVWV WUDYHO IRU VLJKWVHHLQJ VR
VSRUWV WRXULVP SURMHFWV FDQ EH UHSODFHG E\ PDQ\
RWKHUWRXULVPSURMHFWVXQGHUWKLVSUHPLVHZKLFKLV
DOVRRQHRIWKHUHDVRQVIRUWKHOLPLWDWLRQVRIVSRUWV
WRXULVPGHYHORSPHQW

                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7KLUGWKHJRYHUQPHQWSROLF\ODJVEHKLQG7KH
JRYHUQPHQW SOD\V D YLWDO UROH LQ WKH LQGXVWULDO GH
YHORSPHQW WKHUHIRUH WKH JRYHUQPHQW V GHFL
VLRQPDNLQJLVRIJUHDWVLJQLILFDQFHWRSURPRWHWKH
GHYHORSPHQWRIWKHLQGXVWULDOPDUNHW>@+RZHYHU
DW SUHVHQW WKHUH DUH IHZ SROLFLHV UHODWHG WR WKH
VSRUWV WRXULVP LQGXVWU\ UHVXOWLQJ LQ WKH ODFN RI
RYHUDOO SODQQLQJ DQG PDQDJHPHQW SODQ IRU WKH
VSRUWV WRXULVP LQGXVWU\ ZKLFK LV H[WUHPHO\ XQID
YRUDEOH WR WKH GHYHORSPHQW DQG PDLQWHQDQFH RI
VSRUWVWRXULVPUHVRXUFHV

2SSRUWXQLW\$QDO\VLV $VWKH&KLQHVHQDWLRQ
FRQWLQXHVWRJURZVWURQJHUPRUHDQGPRUHIRUHLJQ
WRXULVWV EHJLQ WR EH LQWHUHVWHG LQ &KLQHVH ORQJ KLV
WRULFDO FXOWXUH DQG ULFK JHRJUDSKLFDO HQYLURQPHQW
ZKLFK LV DQ RSSRUWXQLW\ IRU WKH GHYHORSPHQW RI
VSRUWV WRXULVP LQGXVWU\ ,Q UHFHQW \HDUV WKH LQ
FUHDVLQJ QXPEHU RI IRUHLJQ WRXULVWV DW WKH ZRUOG
OHYHO*DPHVKHOGLQ&KLQDLVWKHEHVWSURRI>@,Q
DGGLWLRQWKHFRXQWU\KDVSDLGPRUHDQGPRUHDWWHQ
WLRQ WR WKH VSRUWV WRXULVP LQGXVWU\ DQG VWDUWHG WR
VXSSRUW DQG SURPRWH LWV GHYHORSPHQW LQ WHUPV RI
SROLFLHVDQGIXQGV7KHDUULYDORIWKHHUDRIQDWLRQDO
HQWHUWDLQPHQWDOVRSURYLGHVVXIILFLHQWSRZHUIRUWKH
GHYHORSPHQW RI VSRUWV WRXULVP LQGXVWU\ :LWK WKH
LQFUHDVH RI SHU FDSLWD LQFRPH DQG GLYHUVLILHG WRXU
LVP QHHGV GLYHUVLILHG VSRUWV WRXULVP ZLOO EH WKH
EHVWFKRLFH

&KDOOHQJH$QDO\VLV6SRUWVWRXULVPLQGXVWU\LQ
VRPH DUHDV LV RIWHQ LPSDFWHG E\ WKH VDPH W\SH RI
IDPRXVEUDQGVIURPRWKHUSODFHVDQGWKHVWDWXVRI
WKHVHIDPRXVEUDQGVLVLQFUHDVLQJO\WKUHDWHQHGDQG
FKDOOHQJHG +RZ WR DYRLG WKH GHFOLQH RI WRXULVW
VRXUFH RI WKH VSRUWV WRXULVP LQGXVWU\ KRZ WR HQ
KDQFH LWV RZQ PDUNHW FRPSHWLWLYHQHVV DQG KRZ WR
DYRLGEHLQJHOLPLQDWHGE\WKHVSRUWVWRXULVPLQGXV
WU\PDUNHWKDYHEHFRPHWKHFKDOOHQJHVRIWKHVSRUWV
WRXULVPLQGXVWU\LQHDFKUHJLRQ

'HYHORSPHQW3DWKDQG&RXQWHUPHDVXUHVRI
&KLQD V 6SRUWV 7RXULVP ,QGXVWU\ XQGHU *UHHQ
(FRQRP\ (VWDEOLVK WKH &RQFHSW RI 6XVWDLQDEOH
'HYHORSPHQW RI *UHHQ (FRQRP\ 7KH GHYHORS
PHQW RI WUDGLWLRQDO VSRUWV WRXULVP SURMHFWV ODFNV
RYHUDOO SODQQLQJ DQG KDV EOLQGQHVV ,W RQO\ FRQVLG
HUV VKRUWWHUP EHQHILWV EXW FRPSOHWHO\ LJQRUHV WKH
VXVWDLQDEOH GHYHORSPHQW RI UHVRXUFHV UHVXOWLQJ LQ
VHULRXV GDPDJH WR WKH HFRORJLFDO HQYLURQPHQW RI
WKH GHYHORSPHQW VLWH 7KHUHIRUH LW LV RI JUHDW VLJ
QLILFDQFH WR FKDQJH WUDGLWLRQDO FRQFHSWV DQG HVWDE
OLVK D VXVWDLQDEOH GHYHORSPHQW FRQFHSW RI JUHHQ
HFRQRP\>@)LUVWRIDOOZHVKRXOGVWUHQJWKHQWKH
DZDUHQHVV RI JUHHQ HQYLURQPHQWDO SURWHFWLRQ IRU
VSRUWV WRXULVP WRXULVWV LPSURYH WKHLU FLYLOL]DWLRQ
OHYHO DQG PDNH WKHP DVVXPH PRUH UHVSRQVLELOLW\
IRU HQYLURQPHQWDO SURWHFWLRQ 6HFRQGO\ WKH JRY
HUQPHQW VKRXOG SXEOLFL]H WKH FRQFHSW RI JUHHQ HQ
YLURQPHQWDO SURWHFWLRQ WKURXJK D YDULHW\ RI PHWK
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RGV VWUHQJWKHQ SHRSOH V DZDUHQHVV RI JUHHQ HQYL
URQPHQWDOSURWHFWLRQDQGDWWKHVDPHWLPHXUJHWKH
GHYHORSHUV RI WKH LQGXVWU\ WR FDUU\ RXW UHDVRQDEOH
GHYHORSPHQWWKXVDFKLHYLQJVXVWDLQDEOHXVHRIQDW
XUDOUHVRXUFHVDQGPDNLQJWKHGHYHORSPHQWRIWKH
VSRUWVWRXULVPLQGXVWU\JUHHQDQGHFRORJLFDO

,QQRYDWH 3URGXFWLRQ )DFWRUV WR 3URPRWH
*UHHQ 'HYHORSPHQW RI ,QGXVWU\ 7KHUH DUH REYL
RXV GLIIHUHQFHV EHWZHHQ WKH SURGXFWLRQ IDFWRUV RI
VSRUWVWRXULVPXQGHUJUHHQHFRQRP\DQGWUDGLWLRQDO
VSRUWVWRXULVP7KHUHIRUHLQQRYDWLRQRISURGXFWLRQ
IDFWRUV LV RI JUHDW VLJQLILFDQFH WR SURPRWH WKH GH
YHORSPHQW RI VSRUWV WRXULVP 0RUH KXPDQ UH
VRXUFHV WHFKQLFDO UHVRXUFHV DQG NQRZOHGJH UH
VRXUFHV VKRXOG EH LQYHVWHG LQ WKH VSRUWV WRXULVP
LQGXVWU\ VR WKDW LW KDV DQ DEVROXWH DGYDQWDJH LQ
JUHHQGHYHORSPHQW >@ 7KURXJK WKHVHSURGXFWLRQ
IDFWRUVZHVKRXOGDOVRVWUHQJWKHQWKHUHVHDUFKDQG
DSSOLFDWLRQ RI JUHHQ WHFKQRORJ\ LQ VSRUWV WRXULVP
LQGXVWU\ VR DV WR UHDOL]H WKHJUHHQGHYHORSPHQW RI
VSRUWVWRXULVPLQGXVWU\

&DUU\ RXW 2YHUDOO 3ODQQLQJ RI ,QGXVWU\
XQGHU WKH *XLGDQFH RI 3ROLF\ 7KH JRYHUQPHQW V
SROLF\ JXLGDQFH SOD\V D NH\ UROH LQ WKH JUHHQ GH
YHORSPHQW RI VSRUWV WRXULVP LQGXVWU\ VR WKH JRY
HUQPHQWVKRXOGJLYHIXOOSOD\WRWKHUROHDVDJXLGH
7KH JRYHUQPHQW VKRXOG PDNH FOHDU WKH GHYHORS
PHQW FRQFHSW RI JUHHQ HFRQRP\ DQG VXVWDLQDEOH
GHYHORSPHQWWKURXJKSROLF\IRUPXODWLRQDQGPDNH
RYHUDOO SODQQLQJ IRU WKH LQGXVWU\ LQFOXGLQJ WKH DG
MXVWPHQWRILQGXVWULDOVWUXFWXUHDQGRSWLPL]DWLRQRI
LQGXVWULDO OD\RXW %\ LQFUHDVLQJ WKH VXSSRUW WR WKH
VSRUWV WRXULVP LQGXVWU\ SURPRWH WKH GHYHORSPHQW
RIWKHLQGXVWU\DWWKHVDPHWLPHUHVWULFWWKHGHYHO
RSHUV WR FDUU\ RXW WKH JUHHQ GHYHORSPHQW RI WKH
VSRUWVWRXULVPLQGXVWU\ZLWKWKHUHVWUDLQLQJHIIHFWRI
ODZVDQGUHJXODWLRQV


&21&/86,216

%DVHG RQ WKH SHUVSHFWLYH RI JUHHQ HFRQRP\
WKLV VWXG\ DQDO\]HV WKH GHYHORSPHQW VLWXDWLRQ
VRXUFH GLVWULEXWLRQ DGYDQWDJHV DQG GLVDGYDQWDJHV
RI GRPHVWLF VSRUWV WRXULVP LQGXVWU\ DQG WKHQ SXWV
IRUZDUG WKH JUHHQ GHYHORSPHQW SDWK DQG FRXQWHU
PHDVXUHVIRUVSRUWVWRXULVPLQ&KLQD%\WDNLQJWKH
JRYHUQPHQWSROLF\DVWKHOHDGLQJIDFWRUZHVKRXOG
HVWDEOLVK WKH VXVWDLQDEOH GHYHORSPHQW FRQFHSW RI
JUHHQ HFRQRP\ LQQRYDWH WKH SURGXFWLRQ IDFWRUV RI
VSRUWV WRXULVP SURPRWH WKH JUHHQ FRQVWUXFWLRQ RI
VSRUWV WRXULVP LQGXVWU\ DQG UHDOL]H WKH VXVWDLQDEOH
GHYHORSPHQWRIVSRUWVWRXULVPLQGXVWU\






                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

5()(5(1&(6

>@ 6WHYLV ' )HOOL 5   *OREDO ODERXU XQ
LRQVDQGMXVWWUDQVLWLRQWRDJUHHQHFRQRP\,Q
WHUQDWLRQDO(QYLURQPHQWDO$JUHHPHQWV3ROLWLFV
/DZDQG(FRQRPLFV 6SULQJHU   
>@ /LQGPDQ Հ 6|GHUKROP 3   :LQG HQ
HUJ\DQGJUHHQHFRQRP\LQ(XURSH0HDVXULQJ
SROLF\LQGXFHG LQQRYDWLRQ XVLQJ SDWHQW GDWD

>@ 6KHOGRQ 5$   *UHHQ FKHPLVWU\ DQG
UHVRXUFH HIILFLHQF\ WRZDUGV D JUHHQ HFRQRP\
*UHHQ&KHPLVWU\  
>@ .RWKDUL $ 'HPDULD ) $FRVWD $  
%XHQ9LYLU'HJURZWKDQG(FRORJLFDO6ZDUDM
$OWHUQDWLYHV WR 6XVWDLQDEOH 'HYHORSPHQW DQG
*UHHQ(FRQRP\'HYHORSPHQW  
>@ +RQHFN ' $NKWDU 06   $FKLHYLQJ
%DQJODGHVK V 7RXULVP 3RWHQWLDO /LQNDJHV WR
([SRUW 'LYHUVLILFDWLRQ (PSOR\PHQW *HQHUD
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RESEARCH ON COMPOUND FAULT OF SEWAGE
TREATMENT ELECTROMECHANICAL EQUIPMENT
BASED ON LIFTING MULTIWAVELET
Tongxing Zhang*, Yuxiang Chen, Jianxue Ye
Professional Engineer Department, Shandong Labor Vocational and Technical College, Shandong 250022, China

found that wavelet theory has obvious inherent
advantages:
(1) Wavelet transform has the characteristics
of "time-scale" in time domain and frequency domain and the ability of local transform [6]. It can
keep a low time domain resolution in the low frequency domain of the signal, so as to improve the
frequency domain resolution [7]. In order to obtain
more accurate time information, lower frequency
domain resolution is reserved in the high frequency
domain of the signal.
(2) Wavelet technology can detect the transient state of normal signal and capture its frequency
components, and enjoys the reputation of "mathematical microscope" [8].
Based on the advantages of wavelet analysis,
it has been applied in many fields such as signal
processing, image processing, biomedicine, aerospace, geophysics, etc., and its future development
space has good extensibility [9]. Some scholars
have successfully used wavelet technology to complete electromechanical fault diagnosis. For example, Yusof et al. [10] used wavelet packet analysis
theory to detect the frequency band energy of
wavelet packet and combined with cepstrum to
identify the gearbox fault of wind turbine; Rajani et
al. [11] optimized the data quality of neural network by using the ability of wavelet in de-noising
analysis, and realized the purpose of improving the
fault diagnosis of chillers; Perna et al. [12] put
forward the application of wavelet packet decomposition in fault separation, using wavelet packet
reconstruction to recover and extract fault signals,
so as to realize bearing fault diagnosis. Li et al. [13]
used the method of wavelet and energy feature
extraction to control threshold quantization by designing variable function of parameters, and identified the rotating electromechanical faults.
On the basis of summarizing the previous
work on fault diagnosis of electromechanical
equipment, aiming at the complex internal structure
of gear transmission system, this paper expounds
the fault mechanism and characteristics of gearbox
transmission, and on the basis of the traditional
signal theory, deeply studies wavelet theory and
puts forward a compound fault diagnosis method
based on wavelet analysis by combining other signal processing means, which is applied to a practi-

ABSTRACT
In the process of electromechanical equipment
fault diagnosis, wavelet theory has obvious inherent
advantages, and wavelet technology is gradually
applied to electromechanical fault diagnosis. On the
basis of summarizing the previous work on fault
diagnosis of sewage treatment electromechanical
equipment, aiming at the complex internal structure
of gear transmission system, this paper analyzes the
transmission fault mechanism and fault characteristics, deeply explores the wavelet theory based on
traditional signal processing theory, and puts forward a compound fault diagnosis method based on
wavelet analysis by combining other signal processing means, which is applied to a practical case
of compound fault in gear transmission system. The
results show that this diagnosis method is suitable
for compound fault diagnosis.
KEYWORDS:
Wavelet analysis, Sewage treatment, Electromechanical
equipment, Fault diagnosis.

INTRODUCTION
In the process of electromechanical equipment
fault diagnosis, due to the structural characteristics
of electromechanical equipment itself, it is often
necessary to quantitatively analyze the vibration
signals of its components to judge the fault types
and levels [1]. When detecting the state of the
working electromechanical equipment to obtain the
vibration signal, the signal is in a non-stationary
state due to noise and modulation, especially when
the compound fault occurs [2]. The complexity of
the vibration signal determines the limitation of
signal analysis, and the traditional frequency domain signal analysis method cannot be ideally applied to the vibration signal containing nonstationary components [3]. Therefore, the wavelet
theory has good feasibility in the analysis of nonstationary vibration signals [4]. In order to overcome the limitation of Fourier transform in single
resolution [5], many experts and scholars have
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base can also make significant differences in wavelet transform of different signals [17]. At present,
the main method for selecting the optimal wavelet
base is to judge the reliability of the selected wavelet base relying on the simulation and experimental
results of the measured signal by wavelet analysis.
In conclusion, at present, the method of wavelet
base selection mainly depends on three principles,
namely:

MATERIALS AND METHODS
Construction of Wavelet Analysis Method.
Basic Theory of Wavelet Analysis. Continuous
wavelet transform----wavelet transform theory
leads to the concept of time window transform, that
is, long time window is used when low frequency
domain information is required, and short time
window is used when high frequency domain information is required. Wavelet analysis is also discussed under the function space L2 (R). The essence
of continuous wavelet transform is to express any
function f(t) in L2 (R) space as the superposition of
its mapping under the mother wavelet function with
different electromechanical transformation factors
[14]. Fourier transform only projects f(t) to frequency domain, which cannot represent signal well
in time domain, while wavelet transform can project time-domain signal to "time-scale", which can
well represent the signal in time domain and frequency domain. Continuous wavelet transform has
the ability of multi-resolution analysis. By adjusting
the size of the telescopic electromechanical factor
and the translation factor, the mother wavelet function with different time-frequency width can be
obtained, and the signal information in any timefrequency domain can be expanded [15].
Discrete wavelet transform----the measured
signal in practical application often needs a huge
number of samples. In order to meet the data operation requirements of computer, the continuous
wavelet must be discretized. The discretization is
not for the time variable t, but for the continuous
scale parameter a and translation parameter b [16].
It is mainly characterized by scale discretization
and translation discretization, in which scale parameter discretization refers to the discretization of
scale parameters according to power series calculation, taking a=a0j. Translation parameter discretization usually discretizes b on the time axis of the
function, taking b=k a0j b0 and making the sampling
interval satisfy Nyquist sampling theorem. Therefore, when the scale a0=1, the interval of b is ǻW,
and when the scale is aj, the interval of b is 2j ǻW.

Approximation. Electromechanical approximation is one of the essential criteria of wavelet
base selection. When carrying out wavelet transform on vibration signals, wavelet basis functions
similar to the measured signals should be selected
as far as possible. The similarity here is not completely the same or very close, but an approximation degree in the trend of the measured electromechanical signals. Usually, wavelet coefficients are
used to measure the similarity degree between the
wavelet and the measured signals. The larger the
electromechanical wavelet coefficient, the better the
approximation between wavelet base and measured
signal. On the contrary, the approximation is not
high.
Support interval. The support interval of
electromechanical wavelet refers to the electromechanical length of wavelet base converging from a
finite amount to 0 when time and frequency approach infinity [18]. It can be seen that the longer
the support interval of wavelet, the longer the calculation time of wavelet transform. Therefore, it is
generally hoped that the electromechanical wavelet
base function will decay rapidly outside the effective support interval. A shorter effective support
interval will have a better time resolution; a longer
effective support interval will have a better frequency resolution, so the wavelet base with appropriate support interval should be selected according
to the analysis requirements of the measured signal.
Regularity. Electromechanical regularity generally represents the smoothness level of signals.
The greater the regularity of signals, the smoother
the waveform. Usually, electromechanical Lapschitz index k is used to reflect the regularity of
signals. The regularity of wavelet base function
affects the quality of wavelet coefficient reconstruction results, so the necessary regularity is given to
wavelet base to obtain the optimal reconstructed
signal. There is also a great correlation between
regularity and support interval. The better the regularity is, the longer the support interval is, which
conflicts with the selection of support interval.
Therefore, in the selection of regularity and support
interval, it is necessary to comprehensively measure
the influence of wavelet base in wavelet transform
[19].

Selection Criteria of Wavelet Base. Wavelet
theory, with its unique ability of time-frequency
domain analysis, has gradually become an important electromechanical tool and means for vibration signal analysis in engineering practice. Therefore, in practical application, choosing the optimal
wavelet base function becomes a key problem to
realize the optimal solution of wavelet. Selecting
different wavelet base functions can make the
wavelet transform of the same signal produce different effects; the same electromechanical wavelet
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From the former formula, it can be known that
the energy of the impulse sequence of a signal after
autocorrelation calculation always changes with the
change of characteristic frequency delay Ɏ. In order
to reflect the change degree of the amplitude difference of the two fault impulse components after
autocorrelation calculation, the impulse amplitude
when the frequency delay Ɏ=0 is taken as the
"equivalent amplitude" after autocorrelation, and
the amplitude difference of the two impulse sequences is as Formula 9:

Wavelet Analysis Method Based on Envelope Energy Ratio Demodulation. In the envelope
demodulation spectrum, the signal characteristic
frequency appears periodically, and there are spectral peaks at the characteristic points. According to
the definition of signal energy, the impulse sequence at the characteristic points has greater energy. Therefore, according to the energy ratio of different fault impulse sequences in the envelope demodulation spectrum, compound fault feature extraction can be realized [20]. It is assumed that
there is a compound fault signal composed of two
impulse sequences with different periods, and the
characteristic frequency of the impulse sequence in
fault 1 is f1 and the amplitude is A1. The characteristic frequency of fault 2 is f2, and the amplitude is
A2, so the number of electromechanical impulse
sequence of fault 1 in envelope spectrum is N1, and
the number of impulse sequence of fault 2 in envelope spectrum is N2, and the energy expressions of
impulse sequences of two electromechanical faults
in frequency domain are as Formula 1:

(9)
:KHQ ȡ1 >0.5, A>כ0, which indicates that the
impulse with larger energy always has larger
"equivalent amplitude" after the envelope energy
ratio of two impulse sequences in the fault signal is
calculated, and this property can be used to extract
the main fault components of compound fault in
envelope demodulation. On the contrary, if the
amplitude of the impulse sequence with high energy in the compound fault signal is small in the
HQYHORSH VSHFWUXP ZKHQ ȡ1 >0.5, the characteristics of the impulse sequence with high energy can
be effectively increased after the envelope energy
ratio calculation, and its amplitude in the envelope
spectrum will also increase obviously.

(1)
At this time, the total energy of the signal E=
E1+ E2, and the energy ratios of the two fault impulse sequences in the signal are as Formula 2:
(2)

RESULTS

There is a relationship between ȡ1 and ȡ2: ȡ1
íȡ2. According to the relationship between energy and energy ratio and the amplitude of impulse
sequence, the amplitudes of two impulse sequences
are expressed as Formula 3 and 4:

Compound Fault Analysis of Gear Transmission System. Characteristic Spectrum Analysis. The vibration signals collected in engineering
practice are all time-domain signals. Therefore, it is
the most direct and intuitive analysis method to
process vibration signals by time domain analysis
method to diagnose whether mechanical equipment
has fault. When the mechanical equipment works
normally, the time domain parameters will float
within the normal range. If there is a fault, the index
parameters will have a more obvious increase.
Therefore, whether the fault occurs or not can be
preliminarily judged according to the change of
time-domain parameters. The vibration signals of
rolling bearing and gear in gear transmission system with speed of 900 r/min under normal working
condition are measured by simulation. The time
domain parameter indexes are shown in Table 1.
Under the same conditions, four groups of data, the
vibration signals of inner ring and outer ring faults
of rolling bearings, gear broken tooth and crack
faults are detected and analyzed in time domain,
and the parameters are shown in Table 2.
The gear transmission system will produce vibration in the work. Once the fault occurs, the energy distribution of the vibration signal will change.
In the frequency spectrum, there will be resonance
modulation sideband with a certain natural frequen-

(3)
(4)
Now, the impulse sequences of two faults are
auto-correlated. According to the frequency autocorrelation Formula 5 of discrete sequences:

(5)
The formula 6, 7 and 8 can be obtained:
(6)
(7)
(8)
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cy or meshing frequency as the frequency center
and the rotation frequency as the modulation frequency. As the vibration of each component is
different, the frequency characteristics are also
different. Therefore, in the compound fault diagnosis, the fault information can be preliminarily
judged through the spectrum feature analysis, and
provide reference for the frequency band division
rules of wavelet transform.
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Fault Analysis. Based on the above wavelet
analysis method, the fault analysis is carried out for
the actual gear transmission system. In order to
better analyze the results, the gear transmission
system of 900r/min is used to perform four-layer
wavelet decomposition on the compound fault signal according to the spectrum analysis method, in
which the wavelet decomposition of the gear part is
shown in Figure 2(a) and the wavelet decomposition of the bearing part is shown in Figure 2(b).

TABLE 1
Time domain parameter indexes of vibration signals of rolling bearing and gear with speed of 900 r/min
Parts
Peak Mean
Effective value
Peak index
Waveform Index
Impulse indicator
Bearing
gear

0.98
0.39

-0.02
-0.02

0.13
0.09

7.72
4.33

6.99
4.82

54.01
19.64

TABLE 2
Time domain parameters under vibration signals of inner ring and outer ring faults of rolling bearings,
gear broken tooth and crack faults
Waveform Impulse indicaPeak
Mean
Effective value Peak index
Index
tor
Fault type
14.37
-0.02
0.67
21.54
38.22
823.18
Bearing inner ring
19.12
-0.02
1.2
15.99
56.72
907.11
Bearing outer ring
1.9
-0.02
0.12
16.23
5.41
87.83
Gear broken tooth
0.89
-0.02
0.12
7.22
7.84
56.64

(a) Gear broken tooth pattern

(b) Gear crack pattern

(c) Bearing outer ring broken pattern

(d) Bearing inner ring broken pattern
FIGURE 1
Fault spectrum of gear transmission system components
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(a) Wavelet decomposition of gear

(b) Wavelet decomposition of bearing
FIGURE 2
Wavelet coefficients of each layer of compound fault

(a) Wavelet adjustment spectrum of gear

(b) Wavelet adjustment spectrum of bearing
FIGURE 3
Envelope energy ratio demodulation spectrum

It can be seen from the figure that the wavelet
energy of the gear part is concentrated in the G4
part, while the wavelet energy of the bearing part is
concentrated in the B3 part. Therefore, the envelope
energy ratio is adjusted respectively for the two
parts, and the adjustment result is shown in Figure
3, that is the analysis results of the compound fault
of gear broken tooth and bearing outer ring damage
by the wavelet-envelope energy ratio demodulation.
In Figure 3 (a), the 500s, 800s, 970s, 1000s, 1050s
and 1200s characteristic frequency spectrums in
accordance with the gear rotation frequency can be
seen clearly, indicating that the fault contains a
characteristic sequence consistent with the gear
rotation frequency, so the gear occurs broken tooth.
In Figure 3 (b), the concentrated characteristic frequency spectrums of 4000-6000s corresponding to
the characteristic frequency of rolling bearing outer
ring damage fault can be clearly seen. Through the
wavelet-envelope energy ratio demodulation calculation, it can be proved that the compound fault is
composed of gear broken fault and rolling bearing
outer ring damage fault. The example shows that
the method can effectively feedback the compound

fault under the premise of establishing the characteristic spectrum.
CONCLUSION
On the basis of summarizing the previous
work on fault diagnosis of electromechanical
equipment, aiming at the complex internal structure
of gear transmission system, this paper analyzes the
transmission fault mechanism and fault characteristics, deeply explores the wavelet theory based on
traditional signal processing theory, and puts forward a wavelet analysis method based on envelope
energy ratio demodulation. The application performance of the analysis method in compound fault
diagnosis is verified by the constructed gear transmission system. On the basis of characteristic spectrum analysis, the specific spectrum is obtained by
multi-layer analysis method, and the wavelet adjustment spectrum is obtained by envelope energy
ratio demodulation. Finally, the compound diagnosis of transmission system is completed by comparing characteristic spectrum. The results show that

3668

© by PSP

Volume 30– No. 04/2021 pages 3664-3670

the analysis method established in this paper can
effectively diagnose the compound faults in sewage
treatment electromechanical transmission system.
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GLVWULEXWLRQ SDWWHUQV WKH SURYHQDQFH LQGH[ RI
VHGLPHQWV 3, DQGWKHFRUUHODWLRQEHWZHHQį(XDQG
5((DUHXVHGWRDQDO\]HWKHVHGLPHQWSURYHQDQFH
VLQFH 0,6 LQ WKH ZHVWHUQ VKHOI DUHD RI WKH 6RXWK
<HOORZ 6HD %DVHG RQ WKH DQDO\VLV RI PLQHUDO
DVVHPEODJHVVHGLPHQWJUDLQVL]HIRUDPLQLIHUDDQG
VSRURSROOHQ RI FRUH 17 DQG 17 DQG FRPELQHG
ZLWKWKHGLVWULEXWLRQFKDUDFWHULVWLFVRISDOHRFKDQQHO
WKH SDOHRHQYLURQPHQWDO FKDUDFWHULVWLFV LQ WKH
ZHVWHUQVKHOIDUHDLQWKH6RXWK<HOORZ6HDGXULQJWKH
PDULQH LVRWRSH VWDJH 0,6 DQG 0,6 DUH IXUWKHU
VWXGLHG 7KH UHVXOWV VKRZ WKDW LQ WKH FRUH 17
VHGLPHQW SURYHQDQFHV RI 0,6 DQG 0,6 LQ &RUH
17PDLQO\VRXUFHGIURPWKH<HOORZ5LYHUDQGWKH
PDLQ VHGLPHQW SURYHQDQFHV RI 0,6 0,6 DQG
0,6IURPWKH<DQJW]H5LYHU,QFRUH17WKHPDLQ
VHGLPHQWSURYHQDQFHRI0,6SHULRGZDVIURPWKH
<HOORZ5LYHUDQGWKHPDLQVHGLPHQWSURYHQDQFHVRI
0,6 0,6 0,6 DQG 0,6 VRXUFHG IURP WKH
<DQJW]H 5LYHU$OO WKH UHVXOWV LQFGLFLFDWHG WKDW WKH
ZHVWHUQVKHOIDUHDRIWKH6RXWK<HOORZ6HDZDVLQD
FROG DQG ORZVHDOHYHO VHGLPHQWDU\ HQYLURQPHQW
GXULQJ 0,6 DQG 0,6 DQG WKH PDLQ YHJHWDWLRQ
W\SHVZHUHJUDVVODQGFRQLIHURXVIRUHVWDQGFRQLIHU
EURDGOHDIIRUHVW



,1752'8&7,21

7KH<HOORZ6HDDQLPSRUWDQWFRPSRQHQWRIWKH
HDVW FRDVW RI &KLQD UHFHLYHV D ODUJH DPRXQW RI
WHUULJHQRXVPDWHULDOV>@7KHVHGLPHQWGLVWULEXWLRQ
LQ WKH<HOORZ 6HD LV LQIOXHQFHG E\ DGMDFHQW ULYHUV
DQGWKH<HOORZ5LYHUDQGWKH<DQJW]H5LYHUKDGWKH
JUHDWHVWLPSDFWRQLW>@$OWKRXJKWKH<HOORZ5LYHU
DQG<DQJW]H5LYHUGRHVQRWGUDLQLQWRWKH<HOORZ6HD
DQ\ PRUH WKHUH ZHUH VHYHUDO JODFLDO LQFUHDVHV DQG
PHOWGRZQV DQG D ZLGH ULVH DQG IDOO LQ JOREDO VHD
OHYHOV GXULQJ WKH /DVW *ODFLDO 0,60,6 DOVR
NQRZQDV:XUP*ODFLDWLRQ ZKLFKRFFXUUHGDERXW
NDDJR7KLVIOXFWXDWLRQDOVRDIIHFWHGWKH<HOORZ
6HD 7KH <HOORZ 5LYHU DQG WKH <DQJW]H 5LYHU
GLUHFWO\LQIOXHQFHGWKHVHGLPHQWDU\HQYLURQPHQWRI
WKH<HOORZ6HDLQPRVWDUHDVGXULQJWKH/DVW*ODFLDO
SHULRG>@
,QUHFHQW\HDUVWKHUHKDVEHHQVRPHUHVHDUFKHV
RQ WKH VHGLPHQWDU\ HQYLURQPHQW DQG JHRFKHPLVWU\
RIWKH<HOORZ6HDVKHOIVLQFHWKH/DVW*ODFLDO7KH
UHVHDUFK RI FRUH % LQ WKH PLGGOH RI WKH 6RXWK
<HOORZ 6HD VKRZHG WKDW WKH VHGLPHQW ZDV PDLQO\
IURP WKH <HOORZ 5LYHU DQG LWV FRPSRVLWLRQ PD\
UHIOHFWFOLPDWLFFKDQJHVGXULQJODWH4XDWHUQDU\VHD
OHYHO IOXFWXDWLRQ DQG PDWHULDO VXSSO\ >@ 7KH
UHVHDUFK RI FRUH '/& LQ WKH PXG DUHD RI WKH
QRUWKHUQ6RXWK<HOORZ6HDVKRZHGWKDWWKH<HOORZ
5LYHUSOD\HGDQLPSRUWDQWUROHLQWKHVHGLPHQWDWLRQ
RI WKH QRUWKHUQ 6RXWK<HOORZ 6HD IURP WKH PLGGOH
SHULRGRIODWH3OHLVWRFHQHWRPRGHUQWLPHVZKLOHWKH
<DQJW]H5LYHUPDWHULDOKDGDVLJQLILFDQWLQIOXHQFHRQ
WKHVHGLPHQWDWLRQRIWKHQRUWKHUQ6RXWK<HOORZ6HD
IURP WKH HDUO\ SHULRG RI ODWH 3OHLVWRFHQH >@
$OWKRXJK WKHUH KDG EHHQ VRPH UHVHDUFKHV RQ
SURYHQDQFH LGHQWLILFDWLRQ LQ WKH VRXWK<HOORZ 6HD
WKHUHZHUHIHZUHVHDUFKHVRQWKHSDOHRHQYLURQPHQW
LQ WKH ZHVWHUQ VKHOI DUHD RI WKH 6RXWK<HOORZ 6HD
GXULQJ0,6DQG0,6
,Q WKLV SDSHU WKH SURYHQDQFH LGHQWLILFDWLRQ LQ
WKHZHVWHUQVKHOIDUHDRIWKH6RXWK<HOORZ6HDVLQFH
0,6 ZDV VWXGLHG LQ GHWDLO7KH SDOHRHQYLURQPHQW
FKDUDFWHULVWLFVRI0,6DQG0,6LQWKHVWXG\DUHD

.(<:25'6
0,60,63URYHQDQFH,GHQWLILFDWLRQ6RXWK<HOORZ6HD
3DOHRHQYLURQPHQW
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6DPSOH DQDO\VLV ZDV FDUULHG RXW LQ WKH WHVW
FHQWHU RI 4LQJGDR ,QVWLWXWH RI 0DULQH *HRORJ\
&KLQD*HRORJLFDO6XUYH\)LIWHHQUDUHHDUWKHOHPHQWV
ZHUH DQDO\]HG DQG WHVWHG $IWHU GLVVROYLQJ ZLWK
1D2WKHVDPSOHZDVH[WUDFWHGZLWKZDWHU7KHUDUH
HDUWK HOHPHQWV ZHUH IRUPHG LQWR K\GUR[LGH
SUHFLSLWDWHV 7KH )H DQG $O ZHUH VFUHHQHG ZLWK
WULHWKDQRODPLQH 7KH &D DQG %D ZHUH FRPSOH[HG
ZLWK('7$DQGWKHQILOWHUHG7KHUDUHHDUWKHOHPHQW
K\GUR[LGH LV SUHFLSLWDWHG LQ  PROO K\GURFKORULF
DFLG VHSDUDWHG DQG HQULFKHG E\ VWURQJ DFLG LRQ
H[FKDQJHUHVLQDQGWKHQZDVKHGDQGH[WUDFWHGZLWK
 PROO K\GURFKORULF DFLG 7KH FRQWHQWV RI  UDUH
HDUWK HOHPHQWV ZHUH GHWHUPLQHG E\ LQGXFWLYHO\
FRXSOHG SODVPD PDVV VSHFWURPHWHU ,&306  DIWHU
HYDSRUDWLRQ 'XULQJ WKH ZKROH DQDO\VLV SURFHVV
UHSHDWHG VDPSOHV DQG VWDQGDUG VDPSOHV ZHUH
DQDO\]HG DQG WKH UHODWLYH GHYLDWLRQ RI UDUH HDUWK
HOHPHQWDQDO\VLVZDVOHVVWKDQ>@


5(68/76 

$QDO\VLVRIWKH/DVW*ODFLDOSHULRGVRIFRUH
17DQG177KH/DVW*ODFLDORFFXUUHGDERXW
ND\HDUVDJRDQGHQGHGDERXWND\HDUVDJR7KH
/DVW*ODFLDOFDQEHGLYLGHGLQWR0,6 ND 
0,6 ND DQG0,6 ND 7KH
FRUH 17 DQG 17 ZHUH FRPSDUHG ZLWK FRUH
6<6 DQG '/& 7KH UHVXOWV VKRZ WKDW 
PPP
P DQG  P RI FRUH 17 FRUUHVSRQG WR
0,60,6DQGPP
PPDQGPRIFRUH
17FRUUHVSRQGWR0,60,6

ZDV DQDO\]HG E\ WKH LQWHJUDWLRQ RI FRUH PLQHUDO
DVVHPEODJH SODQW VSRURSROOHQ PLFURSDOHRQWRORJ\
DQGWKHGLVWULEXWLRQFKDUDFWHULVWLFVRISDOHRFKDQQHO


0$7(5,$/6$1'0(7+2'6

*HRORJLFDOEDFNJURXQG7KH<HOORZ6HDLVD
W\SLFDOVKDOORZVHPLHQFORVHGVKHOIVHDEHWZHHQWKH
.RUHDQ 3HQLQVXOD DQG WKH &KLQD PDLQODQG 7KH
<HOORZ6HDLVGLYLGHGLQWRWKH6RXWK<HOORZ6HDDQG
WKH1RUWK<HOORZ6HDE\WKHOLQHEHWZHHQ/RQJ+LOOV
RQWKH.RUHDQ3HQLQVXODDQGWKH&KHQJVKDQ&RUQHU
DWWKHHDVWHUQHQGRI6KDQGRQJ3HQLQVXOD7KHVRXWK
DQGQRUWKVLGHVRIWKH6RXWK<HOORZ6HDDUHFORVHWR
WKH (DVW &KLQD 6HD DQG WKH 1RUWK <HOORZ 6HD
UHVSHFWLYHO\WKHZHVWVLGHLVWKH6KDQGRQJ3HQLQVXOD
DQG WKH 1RUWK -LDQJVX 3ODLQ WKH HDVW VLGH LV WKH
.RUHDQ 3HQLQVXOD +LOO\ DQG &RDVWDO 3ODLQ 7KH
WRSRJUDSK\RIWKH6RXWK<HOORZ6HDLVDV\PPHWULF
IURP HDVW WR ZHVW 7KH <HOORZ 6HD 7URXJK D
YDOOH\VKDSHGWRSRJUDSK\LQWKHHDVWVWHHSDQGZHVW
JHQWOH DQG QRUWKVRXWK ORQJLWXGLQDO >@ 7KH VWXG\
DUHDLVORFDWHGLQWKHZHVWHUQVKHOIDUHDRIWKH6RXWK
<HOORZ6HD )LJXUH 

6DPSOH DQG DQDO\WLFDO PHWKRG ,Q 2FWREHU
 D JHRORJLFDO VKDOORZ GULOOLQJ VXUYH\ ZDV
FDUULHGRXWE\4LQJGDR,QVWLWXWHRI0DULQH*HRORJ\
LQWKH6RXWK<HOORZ6HD7KHGHSWKRIFRUH17LV
P ƍ1ƍ(ZDWHUGHSWK
LV  P  WKH GHSWK RI FRUH 17 LV  P
ƍ1ƍ(ZDWHUGHSWKLV
P >@ )LJXUH  



),*85(
/RFDWLRQRIWKHVWXG\DUHD PRGLILHGIURP>@ 7KHEOXHGRWWHGOLQHUHSUHVHQWVWKHVWXG\DUHD7KHUHG
VWDUVUHSUHVHQWWKHFRUHVIRUWKLVDUWLFOH¶VSULPDU\VWXG\7KHEODFNFLUFOHVDUHRWKHUFRUHVDURXQGWKHVWXG\
DUHD%6&&%RKDL6HD&RDVWDO&XUUHQW<6&&<HOORZ6HD&RDVWDO&XUUHQW 
<6&&<HOORZ6HD:DUP&XUUHQW
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),*85(
&RPSDULVRQEHWZHHQWKHVHGLPHQWDU\VWUDWDRI&RUH1717DQGWKHVXUURXQGLQJERUHKROHV PRGLILHG
IURP>@ 
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),*85(
8&&QRUPDOL]HG5((GLVWULEXWLRQSDWWHUQVRIVDPSOHVLQ<HOORZ5LYHU<DQJW]H5LYHU.RUHDQ3HQLQVXOD
ULYHUV&RUH17DQG17 D 8&&QRUPDOL]HG5((GLVWULEXWLRQSDWWHUQVRIVDPSOHVLQ&RUH17<HOORZ
5LYHUDQG<DQJW]H5LYHU E 8&&QRUPDOL]HG5((GLVWULEXWLRQSDWWHUQVRIVDPSOHVLQ&RUH17<HOORZ
5LYHUDQG<DQJW]H5LYHU PRGLILHGIURP>@  F 8&&QRUPDOL]HG5((GLVWULEXWLRQSDWWHUQVRIVDPSOHV
LQ.RUHDQ3HQLQVXODULYHUV

3URYHQDQFHLGHQWLILFDWLRQRIFRUH175((
5(( 'LVWULEXWLRQ 3DWWHUQ ,Q RUGHU WR
LVUHODWLYHO\VWDEOHLQVXSHUJHQHHQYLURQPHQWDQGLWV
FRPSDUHWKH5((GLVWULEXWLRQSDWWHUQVRIWKHPDMRU
FRPSRVLWLRQ DQG GLVWULEXWLRQ SDWWHUQ RI VHGLPHQWV
ULYHU VHGLPHQWV LQMHFWHG LQWR WKH VWXG\ DUHD GXULQJ
DUHPDLQO\FRQWUROOHGE\SURYHQDQFH5((LVDJRRG
WKH/DVW*ODFLDOSHULRGWKH5((PHDQPDVVIUDFWLRQ
SURYHQDQFH LGHQWLILFDWLRQ WUDFHU EHFDXVH LW LV OHVV
RIWKHXSSHUFUXVW 8&& LVXVHGWRVWDQGDUGL]HWKH
DIIHFWHG E\ ZHDWKHULQJ GHQXGDWLRQ WUDQVSRUWDWLRQ
<DQJW]H 5LYHU WKH <HOORZ 5LYHU WKH .RUHDQ
VHGLPHQWDWLRQ GLDJHQHVLV DQG PHWDPRUSKLVP 7KH
3HQLQVXOD ULYHUV <HRQJVDQ 5LYHU +DQ 5LYHU DQG
8&&QRUPDOL]HG 5(( GLVWULEXWLRQ SDWWHUQ RI FRUH
*HXP5LYHU >@WKHFRUH17DQG17>@$V
17 LV VLPLODU WR WKDW RI WKH <DQJW]H DQG <HOORZ
)LJXUH  VKRZV D  7KH 8&&QRUPDOL]HG 5((
ULYHUV EXW REYLRXVO\ GLIIHUHQW IURP WKDW RI WKH
GLVWULEXWLRQSDWWHUQVDWGLIIHUHQWGHSWKVLQFRUH17
.RUHDQ3HQLQVXODULYHUV )LJXUHD 6RPHVFKRODUV
DQG17DUHVLPLODUWRWKHVHGLPHQWVRIWKH<DQJW]H
KDG IRXQG RXW WKDW WKH 5(( GLIIHUHQWLDWLRQ
5LYHUDQGWKH<HOORZ5LYHU )LJXUHDDQGE  E 
FKDUDFWHULVWLFV RI WKH ULYHU VHGLPHQWV DURXQG WKH
7KH GLVWULEXWLRQ SDWWHUQ RI VHGLPHQWV LQ <HRQJVDQ
<HOORZ 6HD FRXOG EH XVHG WR WUDFH WKH PDWHULDOV
5LYHU +DQ 5LYHU DQG *HXP 5LYHU )LJXUH F 
IORZLQJ LQWR WKH VHD )RU H[DPSOH /D<E ±
REYLRXVO\VKRZV/5((HQULFKPHQWDQGULJKWGRZQ
*G<E 8&&
/D/X ± /D< 8&&
DQG
GLSZKLFKLVTXLWHGLIIHUHQWIURPWKDWLQFRUH17
/5((+5((5((FRXOGEHXVHGWRGLVWLQJXLVK
DQG17
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WKHWUDQVSRUWRIPDWHULDOIURPWKHULYHUVRI&KLQDDQG
.RUHD>@,QWKLVSDSHUWKHVHGLPHQWVRIFRUH17
WKH <DQJW]H 5LYHU <HOORZ 5LYHU DQG WKH ULYHUV RI
.RUHDQ 3HQLQVXOD ZHUH FRPSDUHG E\ /D<E ±
*G<E 8&&DQGȈ/5((+5((Ȉ5((7KHUHVXOW
VKRZVWKDWDOOWKHLQSXWSRLQWVRIFRUH17DUHFORVH
WRWKHVHGLPHQWSRLQWVRIWKH<DQJW]H5LYHUDQGWKH
<HOORZ5LYHUEXWGHYLDWHVIURPWKHVHGLPHQWSRLQWV

RIWKHULYHUVRIWKH.RUHDQ3HQLQVXOD )LJXUH 
7KHGLVFULPLQDQWIXQFWLRQ)'>@FRXOGEH
XVHGWRMXGJHWKHVLPLODULW\EHWZHHQWKHVHGLPHQWVRI
WKH FRUH 17 DQG WKRVH RI WKH<DQJW]H 5LYHU WKH
<HOORZ 5LYHUWKH .RUHDQ 3HQLQVXOD ULYHUV 7KH
H[SUHVVLRQ IRU WKH GLVFULPLQDQW IXQFWLRQ )' LV DV
)RUPXOD
)' _&L[&LP_&LP  


),*85(
&RPSDULVRQRI5((GLIIHUHQWLDWLRQSDUDPHWHUVLQWKHVHGLPHQWVRI&RUH17DQGPDLQULYHUVDURXQGWKH
<HOORZ6HD


),*85(
9HUWLFDOYDULDWLRQRI&RUH17GLVFULPLQDQWIXQFWLRQ)'
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YDOXHVZLWKWKHUHVXOWVRIWKHDERYHPHWKRGVLWFDQ
EHFRQFOXGHGWKDWWKHPDLQVHGLPHQWVRXUFHVRI17
DWPPDQGPDUH
<DQJW]H5LYHUVHGLPHQWVDQGWKHVHGLPHQWVDW
PDQGPDUH<HOORZ5LYHUVHGLPHQWV

3URYHQDQFH LGHQWLILFDWLRQ RI FRUH 177KH
8&&QRUPDOL]HG 5(( GLVWULEXWLRQ SDWWHUQV RI FRUH
17 DUH VLPLODU WR WKDW RI WKH<DQJW]H DQG<HOORZ
ULYHUV EXW REYLRXVO\ GLIIHUHQW IURP WKDW RI WKH
.RUHDQ3HQLQVXODULYHUV )LJXUHE 7KHFRUUHODWLRQ
EHWZHHQį(XDQG5((IRUVHGLPHQWVLQFRUH17
)LJXUH VKRZVWKDWPRVWRIWKHSRLQWVDW
PPDQGPRIWKHFRUH17
IDOOLQWKH<DQJW]H5LYHUVHGLPHQWDU\DUHDDQGPRVW
RIWKHSRLQWVDWPDQGPIDOO
LQWKH<HOORZ5LYHUVHGLPHQWDU\DUHD>@
/DQ>@KDGFDOFXODWHGWKHSURYHQDQFHLQGH[
3, RIVHGLPHQWVRIWKHFRUH17 7DEOH DQGWKH
UHVXOWVDUHFRQVLVWHQWZLWKWKRVHVKRZQLQ)LJXUH
7KHUHIRUHWKHPDLQVHGLPHQWVRI17DW
P  P DQG  P DUH <DQJW]H
5LYHUVHGLPHQWVDQGWKHVHGLPHQWVDWP
DQGPDUH<HOORZ5LYHUVHGLPHQWV

3DOHRHQYLURQPHQWDO FKDUDFWHULVWLFV RI WKH
ZHVWHUQVKHOIDUHDLQWKH6RXWK<HOORZ6HDGXULQJ
0,6DQG0,6%DVHGRQWKHFRUHV17DQG17
LQWKHZHVWHUQVKHOIDUHDRIWKH6RXWK<HOORZ6HDWKH
SDOHRHQYLURQPHQWRIWKHVWXG\DUHDLVDQDO\]HG 
'XULQJ 0,6 JOREDO FOLPDWH EHFDPH FRROHU
DQG VHD OHYHO GURSSHG JHQHUDOO\ GXH WR PDULQH
UHJUHVVLRQ7KHVHGLPHQWVLQWKHXSSHUSDUWRIWKH,9
VHJPHQWRIFRUH17DUHPDLQO\VDQG\VLOWDQGVLOW\
VDQGZLWKOLWWOHIODN\PLQHUDOVZKLFKLQGLFDWHVWKDW
WKH K\GURG\QDPLF FRQGLWLRQV ZHUH VWURQJ DW WKDW
WLPH 7KH VHGLPHQWV LQ WKH ORZHU SDUW RI WKH ,9
VHJPHQWRIFRUH17DUHPDLQO\VLOW\VDQGDQGWKH
IODN\PLQHUDOVDUHHQULFKHGZKLFKLQGLFDWHVWKDWWKH
K\GURG\QDPLF FRQGLWLRQ LV ZHDN ,Q OLJKW PLQHUDO
DVVHPEODJHV WKH IHOGVSDU FRQWHQW LV DERXW  a
WKHTXDUW]FRQWHQWLVDERXWaDQGWKH
IHOGVSDUFRQWHQWLVPRUHWKDQWKHTXDUW]FRQWHQW7KH
PDMRUKHDY\PLQHUDODVVHPEODJHVDUHIODN\PLQHUDOV
FDOFLWHHSLGRWHKRUQEOHQGHDQGJDUHQW>@ZKLFK
FRQWDLQ DOPRVW QR DXWKLJHQLF PLQHUDOV DQG DUH
W\SLFDO WHUULJHQRXV PLQHUDO DVVHPEODJHV ,Q WKH
IRUDPLQLIHU DVVHPEODJH WKH XSSHU SDUW RI WKH ,9
VHJPHQW RI FRUH 17 LV WKH VKDOORZZDWHU VSHFLHV
$PRQLD %HFFDULL 9DU DQG FROG ZDWHU VSHFLHV
(OSKLGLXP 0DJHOODQLF FRPELQDWLRQ LW LQGLFDWHV D
FRROHUFOLPDWHDQGVKDOORZZDWHUHQYLURQPHQW7KH
VHGLPHQWDU\ HQYLURQPHQW LV OLWWRUDO GHSRVLW 7KHUH
DUH IHZ IRUDPLQLIHUD LQ WKH ORZHU SDUW RI WKH ,9
VHJPHQW RI FRUH 17 DQG WKH VHGLPHQWDU\
HQYLURQPHQW LV FRQWLQHQWDO VHGLPHQWDWLRQ ,Q WKH
VSRURSROOHQ FRPELQDWLRQ WKH SROOHQ RI KHUEDFHRXV
SODQW LV SUHGRPLQDQW PDLQO\ FRPSRVHG RI
&KHQRSRGLDFHDH DQG$UWHPLVLD 1H[W LV WKH ZRRG\
SROOHQPDLQO\FRPSRVHGRI3LQXVDQG4XHUFXV>@ 

:KHUH&L[LVWKHPDVVIUDFWLRQRIHOHPHQWLRU
WKHUDWLRRIWZRHOHPHQW PDVVIUDFWLRQVLQWKHFRUH
17 &LP LV WKH PDVV IUDFWLRQ RI HOHPHQW L RU WKH
UDWLRRIWKHWZRHOHPHQWVLQPRGHUQ<HOORZ5LYHURU
<DQJW]H5LYHUVHGLPHQWV 
7KH FORVHU )' LV WR  WKH FORVHU WKH
JHRFKHPLFDOFKDUDFWHULVWLFVRIWKHWZRVHGLPHQWVDUH
7KH HOHPHQWV VHOHFWHG IRU WKLV DUWLFOH DUH 6P
DQG/X$FFRUGLQJWRWKHUDWLRRI6P/X>@LQWKH
VHGLPHQWVRIWKH<DQJW]H5LYHUDQG<HOORZ5LYHUWKH
)'RIWKHFRUH17DUHFDOFXODWHG )LJXUH 
7KHUHVXOWVVKRZWKDWWKHDEVROXWHYDOXHVRIWKH
)'RI<DQJW]H5LYHUDQGWKH)'RI<HOORZ5LYHUDUH
OHVVWKDQDQGWKHFRUH17LVPRUHVLPLODUWRWKH
)' RI<DQJW]H 5LYHU RQ WKH ZKROH DQG WKH )' RI
<HOORZ5LYHURQWKHSDUW
7KHį(X5((JUDSKLFDOPHWKRG>@FDQEH
XVHG WR GLVWLQJXLVK WKH PDWHULDO WUDQVSRUW EHWZHHQ
WKH<DQJW]H5LYHUDQGWKH<HOORZ5LYHU7KHIRUPXOD
LVDV)RUPXODDQG
\  [[[   
ǻȈ5(( Ȉ5((Ȉ5((  
:KHUH \ LV Ȉ5(( ZKLFK LV WRWDO FDOFXODWHG
DPRXQWRIUDUHHDUWKHOHPHQWV[LVį(XZKLFKLVWKH
QRUPDOL]HG(XDQRPDO\RIFKRQGULWHVȈ5((LVWKH
PHDVXUHGGDWDRIWKHVDPSOH
ǻ5((! LQGLFDWHV WKDW LW RULJLQDWHG LQ WKH
<DQJW]H5LYHU
ǻ5(( LQGLFDWHV WKDW LW RULJLQDWHG LQ WKH
<HOORZ5LYHU 
,Q )LJXUH  WKH XSSHU SRLQWV RI WKH IXQFWLRQ
FXUYH\DUHWKH<DQJW]H5LYHUVHGLPHQWDQGWKHORZHU
SRLQWV SDUW \ DUH WKH <HOORZ 5LYHU VHGLPHQW 7KH
UHVXOWV VKRZ WKDW PRVW RI WKH SRLQWV DW  P
PDQGPRIWKHFRUH17
IDOOLQWKH<DQJW]H5LYHU6HGLPHQWDU\DUHDDQGPRVW
RIWKHSRLQWVDWPDQGPIDOOLQ
WKH<HOORZ5LYHU6HGLPHQWDU\DUHD 
7KH SURYHQDQFH LQGH[ RI VHGLPHQWV 3,  >@
DOVRFDQEHXVHGWRGLVWLQJXLVKWKHSURYHQDQFH7KH
IRUPXODLVDV)RUPXOD 
3, Ȉ_&L[&L_ _&L[&L_Ȉ_&L[&L_   
:KHUH L LV WKH HOHPHQW &L[ LV WKH FRQWHQW RI
HOHPHQWLLQWKHVHGLPHQWWREHGHWHUPLQHG&LLVWKH
HOHPHQW L FRQWHQW LQ WKH VHGLPHQWV RI WKH <HOORZ
5LYHU&LLVWKHHOHPHQWLFRQWHQWLQWKHVHGLPHQWV
RIWKH<DQJW]H5LYHU
7KHSURYHQDQFHLQGH[FDOFXODWLRQFRQWDLQV
UDUH HDUWK HOHPHQWV H[FHSW IRU HOHPHQW < 3, LV
EHWZHHQDQG3,OHVVWKDQLQGLFDWHVWKDWWKH
VHGLPHQWVWREHMXGJHGDUHFORVHWRWKH<HOORZ5LYHU
VHGLPHQWV 3, JUHDWHU WKDQ  LQGLFDWHV WKDW WKH
VHGLPHQWVWREHMXGJHGDUHFORVHWRWKH<DQJW]H5LYHU
VHGLPHQWV
7KH 3, FDOFXODWHG LQ WKLV SDSHU LV FRPSDUHG
ZLWK WKH RQH FDOFXODWHG E\ /DQ >@ 7DEOH   7KH
FDOFXODWHG YDOXHV RI 3,KK DQG 3,FM DUH VOLJKWO\
GLIIHUHQW GXH WR WKH GLIIHUHQW GDWD RI<HOORZ 5LYHU
DQG <DQJW]H 5LYHU EXW WKH UHVXOWV RI SURYHQDQFH
LGHQWLILFDWLRQ DUH FRQVLVWHQW &RPELQLQJ WKH 3,
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'HSWK P 






),*85(
&RUUHODWLRQEHWZHHQį(XDQG5((IRUVHGLPHQWVLQ&RUH17

7$%/(
&RPSDULVRQRISURYHQDQFHLQGH[ 3, RIVHGLPHQWVLQ&RUH17
PIhh
PIhh >@
PIcj
PIcj >@
6HG൴PHQWSURYHQDQFH
 

 

<DQJW]H5൴YHUVHG൴PHQWV
 

 

<HOORZ5൴YHUVHG൴PHQWV
 

 

<DQJW]H5൴YHUVHG൴PHQWV
 

 

<HOORZ5൴YHUVHG൴PHQWV
 

 

<DQJW]H5൴YHUVHG൴PHQWV



),*85(
&RUUHODWLRQEHWZHHQį(XDQG5((IRUVHGLPHQWVLQ&RUH17RIWKH6RXWK<HOORZ6HD PRGLILHGIURP
>@ 
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7$%/(
&RPSDULVRQRISURYHQDQFHLQGH[ 3, RIVHGLPHQWVLQ&RUH17
PIhh >@
PIcj >@
6HG൴PHQWSURYHQDQFH


<DQJW]H5൴YHUVHG൴PHQWV


<DQJW]H5൴YHUVHG൴PHQWV


<HOORZ5൴YHUVHG൴PHQWV


<DQJW]H5൴YHUVHG൴PHQWV


<HOORZ5൴YHUVHG൴PHQWV

'HSWK P 






7KHFRQWHQWVRI3ROOHQDQGIHUQVSRUHVLQZHWDTXDWLF
KHUEV DUH ORZ 7KH YHJHWDWLRQ W\SHV DUH FRQLIHU
EURDGOHDIIRUHVWDQGJUDVVODQGODQGVFDSH
7KH VHGLPHQW W\SHV RI  P RI FRUH
17DUHPDLQO\VDQG\VLOWDQGVLOW\VDQGZLWKODUJHU
DYHUDJH JUDLQ VL]H ZKLFK LQGLFDWHV WKDW WKH
K\GURG\QDPLFFRQGLWLRQVDUHVWURQJ,QOLJKWPLQHUDO
DVVHPEODJHV WKH TXDUW] FRQWHQW LV PRUH WKDQ WKH
IHOGVSDU FRQWHQW 7KH PDMRU KHDY\ PLQHUDO
DVVHPEODJHV DUH HSLGRWH KRUQEOHQGH DQG JDUHQW
ZKLFKFRQWDLQDOPRVWQRDXWKLJHQLFPLQHUDOVDQGDUH
WHUULJHQRXVPLQHUDODVVHPEODJHV,QWKHIRUDPLQLIHU
DVVHPEODJH WKH IRUDPLQLIHU LQ  P RI
17 LV GRPLQDWHG E\ WKH VKDOORZZDWHU VSHFLHV
$PRQLD%HFFDULL9DU6HFRQGO\WKHUHDUHDIHZFROG
ZDWHU VSHFLHV (OSKLGLXP 0DJHOODQLF >@ 7KH
IRUDPLQLIHUDO DVVHPEODJH UHIOHFWV WKH FROG DQG
VKDOORZZDWHUHQYLURQPHQWDWWKDWWLPH7KH
P RI FRUH 17 KDV D VPDOO DPRXQW RI
EURZQLVKUHG IRUDPLQLIHUD VKHOO ZKLFK LQGLFDWHV
WKDWWKHIRUPDWLRQKDVEHHQH[SRVHGIRUDORQJWLPH
DQGLVLQIHUUHGWREHDFRQWLQHQWDOVHGLPHQWDWLRQ7KH
 P RI FRUH 17 LV GRPLQDWHG E\ WKH
VKDOORZZDWHU VSHFLHV $PRQLD %HFFDULL 9DU
6HFRQGO\ WKHUH DUH D IHZ FROG ZDWHU VSHFLHV
(OSKLGLXP 0DJHOODQLF >@ 7KHUHIRUH WKH
VHGLPHQWDU\HQYLURQPHQWRIPRIFRUH
17 VKRXOG EH ORZ VHD OHYHO FRQWLQHQWDO IDFLHV
OLWWRUDODQGQHDUVKRUHGHSRVLWVZLWKFROGHUFOLPDWH
,Q WKH VSRURSROOHQ FRPELQDWLRQ WKH FRQWHQW RI
ZRRG\SROOHQZDVWKHKLJKHVWPDLQO\FRPSRVHGRI
3LQXVDQG4XHUFXV1H[WLVKHUEDFHRXVSODQWPDLQO\
FRPSRVHGRI&KHQRSRGLDFHDHDQG$UWHPLVLDDQGWKH
SROOHQ RI DTXDWLF KHUEDFHRXV SODQW LV 7\SKD DQG
&\SHUDFHDH7KHFRQWHQWVRIIHUQVSRUHVDUHORZ>@
7KHVSRURSROOHQDVVHPEODJHVLQGLFDWHWKDWWKHPDLQ
YHJHWDWLRQW\SHLVFRQLIHUEURDGOHDIIRUHVWODQGVFDSH
8QGHUWKHIRUHVWWKHUHDUHSDWFKHVRIJUDVVODQGDQG
IHUQJURZWK7KHUHDUHODUJHDUHDVRIZDWHULQWKHDUHD 
7KURXJKWKHDQDO\VLVRIFRUH17DQG17LW
FDQEHFRQFOXGHGWKDWWKHVHGLPHQWDU\HQYLURQPHQW
LQ WKH VWXG\ DUHD ZDV FRQWLQHQWDO VHGLPHQWDWLRQ
OLWWRUDODQGQHDUVKRUHGHSRVLWVLQ0,6$WWKLVWLPH
WKHVHDOHYHOZDVORZDQGWKHFOLPDWHZDVFROG7KH
PDLQYHJHWDWLRQW\SHVZHUHFRQLIHUEURDGOHDIIRUHVW
DQG JUDVVODQG ODQGVFDSH ZKLFK DUH FROGORYLQJ
SODQWV 
'XULQJ 0,6LQ WKH HDUO\ SDUW RI WKLVSHULRG
WKHFOLPDWHFRROHGDQGWKHVHDOHYHOGURSSHGUDSLGO\
,QaNDWKHVHDOHYHOLQHDVWHUQ&KLQDUHDFKHG



LWV ORZHVW ,Q  a  ND FOLPDWH WXUQHG ZDUP
JUDGXDOO\ DQG VHD OHYHO JUDGXDOO\ URVH EXW WKH
RYHUDOO FOLPDWH ZDV FROG 7KH VHGLPHQWV LQ WKH ,,
VHJPHQW RI 17 DUH PDLQO\ VDQG\ VLOW ZKLFK
LQGLFDWHV WKDW WKH K\GURG\QDPLF FRQGLWLRQ ZDV
VWURQJDWWKDWWLPH,QOLJKWPLQHUDODVVHPEODJHVWKH
IHOGVSDU FRQWHQW LV DERXW  a  WKH TXDUW]
FRQWHQWLVDERXWaDQGWKHIHOGVSDUFRQWHQW
LV PRUH WKDQ WKH TXDUW] FRQWHQW 7KH PDMRU KHDY\
PLQHUDO DVVHPEODJHV DUH IODN\ PLQHUDOV FDOFLWH
HSLGRWHKRUQEOHQGHDQGJDUHQW>@ZKLFKFRQWDLQ
DOPRVW QR DXWKLJHQLF PLQHUDOV DQG DUH WHUULJHQRXV
PLQHUDODVVHPEODJHV,QWKHIRUDPLQLIHUDVVHPEODJH
WKHXSSHUSDUWRIWKH,,VHJPHQWRIFRUH17KDVIHZ
IRUDPLQLIHUD DQG WKH VHGLPHQWDU\ HQYLURQPHQW LV
FRQWLQHQWDO VHGLPHQWDWLRQ7KH ORZHU SDUW RI WKH ,,
VHJPHQW RI FRUH 17 LV WKH VKDOORZZDWHU VSHFLHV
$PRQLD %HFFDULL 9DU DQG FROG ZDWHU VSHFLHV
(OSKLGLXP 0DJHOODQLF FRPELQDWLRQ LW LQGLFDWHV D
FROG FOLPDWH DQG VKDOORZ ZDWHU HQYLURQPHQW 7KH
VHGLPHQWDU\ HQYLURQPHQW LV QHDUVKRUHHVWXDU\
GHSRVLW,QWKHVSRURSROOHQFRPELQDWLRQWKHSROOHQ
RI KHUEDFHRXV SODQW LV SUHGRPLQDQW PDLQO\
FRPSRVHG RI $UWHPLVLD DQG &KHQRSRGLDFHDH 7KH
SROOHQRIDTXDWLFKHUEDJHDSSHDUHGLQODUJHTXDQWLW\
DQG 7\SKD FRQWHQWVLV WKH KLJKHVW >@ 1H[W LV WKH
ZRRG\ SROOHQ PDLQO\ FRPSRVHG RI 3LQXV 7KH
FRQWHQWVRIIHUQVSRUHVDUHORZ>@7KHVSRURSROOHQ
DVVHPEODJHVLQGLFDWHWKDWWKHPDLQYHJHWDWLRQW\SHLV
JUDVVODQGDQGFRQLIHURXVIRUHVWODQGVFDSH 
7KHVHGLPHQWW\SHVRIWKHPRIFRUH
17DUHPDLQO\VDQG\VLOWDQGVLOW\VDQGZLWKODUJHU
DYHUDJH JUDLQ VL]H ZKLFK LQGLFDWHV WKDW WKH
K\GURG\QDPLFFRQGLWLRQVDUHVWURQJ,QOLJKWPLQHUDO
DVVHPEODJHV WKH TXDUW] FRQWHQW LV PRUH WKDQ WKH
IHOGVSDU FRQWHQW 7KH PDMRU KHDY\ PLQHUDO
DVVHPEODJHV DUH HSLGRWH KRUQEOHQGH DQG JDUHQW
ZKLFKFRQWDLQDOPRVWQRDXWKLJHQLFPLQHUDOVDQGDUH
WHUULJHQRXVPLQHUDODVVHPEODJHV,QWKHIRUDPLQLIHU
DVVHPEODJHWKHPRI17FRQWDLQVDIHZ
ZRUQ IRUDPLQLIHUDO VKHOOV WKH VHGLPHQWDU\
HQYLURQPHQW LV SUHVXPHG WR EH FRQWLQHQWDO
VHGLPHQWDWLRQ 7KH  P RI 17 KDV WKH
VKDOORZZDWHU VSHFLHV $PRQLD %HFFDULL 9DU DQG
FROG ZDWHU VSHFLHV (OSKLGLXP 0DJHOODQLF LW
LQGLFDWHV D FRROHU FOLPDWH DQG VKDOORZ ZDWHU
HQYLURQPHQW7KHVHGLPHQWDU\HQYLURQPHQWPDLQO\
LVQHDUVKRUHGHSRVLWDQGFRQWLQHQWDOVHGLPHQWDWLRQ
7KH VSRURSROOHQ DVVHPEODJHV >@ VKRZ WKDW WKH
YHJHWDWLRQW\SHRI17 P LVFRQLIHU
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),*85(
'LVWULEXWLRQPDSRISDOHRFKDQQHOGXULQJ0,6DQG0,6SHULRGVLQWKHVWXG\DUHD PRGLILHGIURP
>@  D 'LVWULEXWLRQRIEXULHGDQFLHQW<HOORZ5LYHUFKDQQHOLQWKHZHVWHUQVKHOIDUHDRIWKH6RXWK
<HOORZ6HD E 'LVWULEXWLRQRIEXULHGDQFLHQW<DQJW]H5LYHUFKDQQHOLQWKHZHVWHUQVKHOIDUHDRIWKH6RXWK
<HOORZ6HD7KHEOXHOLQHLVWKHEXULHGSDOHRFKDQQHOGXULQJ0,6SHULRG7KHRUDQJHOLQHLVWKHEXULHG
SDOHRFKDQQHOGXULQJ0,6SHULRG

GXULQJ0,6DQG0,6 'XULQJ WKH /DVW*ODFLDO
EURDGOHDIIRUHVWDQGJUDVVODQGODQGVFDSH 
WKHJOREDOVHDOHYHOH[SHULHQFHGH[WHQVLYHO\ULVHDQG
7KURXJKWKHDQDO\VLVRIFRUH17DQG17LW
FDQEHFRQFOXGHGWKDWWKHVHGLPHQWDU\HQYLURQPHQW
IDOO 7KH 6HD OHYHO GXULQJ 0,6 DQG 0,6 ZHUH
ORZHVW VLQFH WKH /DVW *ODFLDO $OWKRXJK SDOHR
LQ WKH VWXG\ DUHD ZDV FRQWLQHQWDO VHGLPHQWDWLRQ
HQYLURQPHQWLQWKHVHWZRSHULRGVDURXQGWKHZRUOG
QHDUVKRUHDQGQHDUVKRUHHVWXDU\GHSRVLWVLQ0,6
ZHUHDOLWWOHGLIIHUHQWWKHRYHUDOOHQYLURQPHQWZDV
$W WKLV WLPH WKH VHD OHYHO ZDV ORZ DQG WKH FOLPDWH
ZDV FROG7KHPDLQ YHJHWDWLRQ W\SHV ZHUH FRQLIHU
WKH VDPH 7KH FKDUDFWHULVWLFV RI WKH
EURDGOHDI IRUHVW FRQLIHURXV IRUHVW DQG JUDVVODQG
SDOHRHQYLURQPHQW LQ WKH ZHVWHUQ VKHOI DUHD RI WKH
ODQGVFDSHZKLFKDUHFROGORYLQJSODQWV
6RXWK <HOORZ 6HD FDQ EH IXUWKHU GLVFXVVHG E\
FRPSDUHG ZLWK WKH FRQWHPSRUDQHRXV SDOHRHQYL

URQPHQWLQRWKHUDUHDV 
7KH FRPSDULVRQ RI WKH SDOHRHQYLURQPHQW
'XULQJ0,6WKHIRUDPLQLIHURI%RKDL6HDLQ
EHWZHHQWKHVWXG\DUHDDQGWKHVXUURXQGLQJDUHD
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<HOORZ5LYHULWUHYHDOHGWKDWLQWKHFRUH17WKH
PDLQ VHGLPHQW SURYHQDQFHV RI 0,6 DQG 0,6
SHULRGV ZHUH IURP WKH<HOORZ 5LYHU DQG WKH PDLQ
VHGLPHQWVRXUFHVRI0,60,6DQG0,6SHULRGV
ZHUHIURPWKH<DQJW]H5LYHU,QWKHFRUH17WKH
PDLQVHGLPHQWVRXUFHVRI0,6SHULRGZDVIURPWKH
<HOORZ 5LYHU DQG WKH PDLQ VHGLPHQW VRXUFHV RI
0,60,60,6DQG0,6SHULRGVZHUHIURPWKH
<DQJW]H5LYHU
 $FFRUGLQJWRWKHSURYHQDQFHLGHQWLILFDWLRQ
DQG WKH GLVWULEXWLRQ FKDUDFWHULVWLFV RI EXULHG
SDOHRFKDQQHOV WKH VWXG\ DUHD LQ 0,6 DQG 0,6
SHULRGV ZDV GLYLGHG LQWR WZR SDUWV DSSUR[LPDWHO\
ERXQGHGE\1,QWKH0,6DQG0,6SHULRG
WKH VWXG\ DUHD IURP 1 WR 1 ZDV PDLQO\
DIIHFWHG E\ DQFLHQW <DQJW]H 5LYHU DQG LW IURP
1WR1ZDVPDLQO\DIIHFWHGE\WKHDQFLHQW
<HOORZ5LYHU
 %DVHG RQ WKH DQDO\VLV RI PLQHUDO
DVVHPEODJHVVHGLPHQWJUDLQVL]HIRUDPLQLIHUDDQG
VSRURSROOHQ RI FRUH 17 DQG 17 DQG FRPELQHG
ZLWKWKHGLVWULEXWLRQFKDUDFWHULVWLFVRISDOHRFKDQQHO
WKH SDOHRHQYLURQPHQWDO FKDUDFWHULVWLFV GXULQJ WKH
0,6 DQG 0,6 SHULRGV DUH IXUWKHU VWXGLHG LQ WKH
ZHVWHUQ VKHOI DUHD LQ WKH 6RXWK <HOORZ 6HD 7KH
UHVXOWVKRZHGWKDWWKHZHVWHUQVKHOIDUHDRIWKH6RXWK
<HOORZ 6HD ZDV LQ D FROG DQG ORZVHDOHYHO
VHGLPHQWDU\ HQYLURQPHQW GXULQJ 0,6 DQG 0,6
DQG WKH PDLQ YHJHWDWLRQ W\SHV ZHUH JUDVVODQG
FRQLIHURXVIRUHVWDQGFRQLIHUEURDGOHDIIRUHVW


$&.12:/('*(0(176

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH
/DERUDWRU\ IRU 0DULQH *HRORJ\ 4LQJGDR 1DWLRQDO
/DERUDWRU\IRU0DULQH6FLHQFHDQG7HFKQRORJ\ 1R
0*41/0 WKH1DWXUDO6FLHQFH)RXQGDWLRQ
RI 6KDQGRQJ 3URYLQFH &KLQD *UDQW 1R
=50' WKHRSHQLQJIRXQGDWLRQRIWKH.H\
/DERUDWRU\ RI 0DULQH *HRORJ\ DQG 0HWDOORJHQ\
015JUDQW1R0*0


5()(5(1&(6

>@ $OH[DQGHU&5'HPDVWHU'-1LWWURXHU&$
  6HGLPHQW DFFXPXODWLRQ LQ D PRGHUQ
HSLFRQWLQHQWDOVKHOI VHWWLQJ 7KH <HOORZ 6HD
6HD0DU*HRO  
>@ 5HQ0(6KL</  6HGLPHQWGLVFKDUJH
RIWKH<HOORZ5LYHU &KLQD DQGLWVHIIHFWRQWKH
VHGLPHQWDWLRQRIWKH%RKDLDQGWKH<HOORZ6HD
(QWLD*HRJUDSKLFD6LQLFD  
>@ /LX0+:X6<DQG:DQJ<-  /DWH
4XDWHUQDU\VHGLPHQWVLQWKH<HOORZ6HD&KLQD
2FHDQ3UHVV 




WKH HDUO\ VWDJH RI 0,6 SHULRG ZHUH PDLQO\
GRPLQDWHGE\WKHVKDOORZZDWHU7H[WXODULDIROLDFHD
+HURQ$OOHQ HW (DUODQG DQG $PPRQLD
FRPSUHVVLXVFXOD
%UDG\  7KH VHGLPHQWDU\
HQYLURQPHQW ZDV OLWWRUDO GHSRVLW GXULQJ VHD OHYHO
GHFOLQH%RKDL6HDLQWKHODWHVWDJHRI0,6SHULRG
KDG YHU\ IHZ IRUDPLQLIHUD 7KH VHGLPHQWDU\
HQYLURQPHQW ZDV IOXYLDOFKDQQHO ILOOLQJ IDFLHV
GHSRVLW GXULQJ VHD OHYHO ULVH >@ 7KH
IRUDPLQLIHUDODVVHPEODJHVLQWKHHDUO\0,6VWDJHRI
WKH (DVW &KLQD 6HD LQGLFDWH WKDW WKH VHGLPHQWDU\
HQYLURQPHQW ZDV QHDUHVWXDULQH WLGDO IODW GHSRVLW
ZKLFK LV ORZWHPSHUDWXUH DQG ORZVDOW >@
7KHUH ZHUH DOPRVW QR IRUDPLQLIHUD LQ WKH 6RXWK
&KLQD 6HD GXULQJ WKLV SHULRG 7KH VHGLPHQWDU\
HQYLURQPHQWZDVIOXYLDOODFXVWULQHDQGGHOWDIDFLHV
VHGLPHQW ZKLFK DUH ORZVHDOHYHO VHGLPHQWV
7KHUHIRUH GXULQJ WKH 0,6 SHULRG WKH JOREDO
FOLPDWHZDVFROGDQGWKHVHGLPHQWDU\HQYLURQPHQW
ZDV ORZVHDOHYHO VHGLPHQWV 7KH ZKROH
VHGLPHQWDU\ HQYLURQPHQW ZDV FROG DQG ORZVHD
OHYHO VHGLPHQWV ZLWK ULYHUV GHYHORSPHQW ZKLFK LV
FRQVLVWHQW ZLWK WKH FOLPDWH DQG VHGLPHQWDU\
HQYLURQPHQWRIVWXG\DUHDLQ0,6
'XULQJ 0,6 SHULRG WKH IRUDPLQLIHUDO
DVVHPEODJHVLQ%RKDL6HDUHIOHFWHGDIOXYLDOFKDQQHO
ILOOLQJIDFLHVGHSRVLW>@7KHUHZHUHDODUJH
QXPEHURIFROGZDWHUIRUDPLQLIHUDLQWKHHDVW&KLQD
6HD 7KH EURNHQ ODUYDO SODQNWRQLF IRUDPLQLIHUD
VKHOOV DQG WKH QHDUVKRUH HXU\KDOLQH IRUDPLQLIHUD
ZHUHHQULFKHGZKLFKLQGLFDWHWKDWWKHVHGLPHQWDU\
HQYLURQPHQWZDVWLGDOUHDFKDQGHVWXDULQHVHGLPHQW
FRQWUROOHG E\VWURQJ WLGDO FXUUHQW7KH FOLPDWH ZDV
FROG DW WKDW WLPH >@ 7KH VHGLPHQWDU\
HQYLURQPHQW RI WKH 6RXWK &KLQD 6HD GXULQJ WKLV
SHULRG ZDV OLWWRUDO DQG FRQWLQHQWDO IDFLHV GHSRVLW
ZLWKORZVHDOHYHO>@7KHZKROHVHGLPHQWDU\
HQYLURQPHQWZDVFROGDQGORZVHDOHYHOVHGLPHQWV
ZLWKULYHUVGHYHORSPHQWZKLFKLVFRQVLVWHQWZLWKWKH
FOLPDWHDQGVHGLPHQWDU\HQYLURQPHQWRIVWXG\DUHD
LQ0,6


&21&/86,216

 7KHFRUH17DQG17DUHFRPSDUHGZLWK
FRUH6<6DQGFRUH'/&7KHUHVXOWVVKRZ
WKDWPPP
PDQGPRIFRUH17FRUUHVSRQG
WR0,60,6SHULRGVDQGP
P  P  P DQG
PRIFRUH17FRUUHVSRQGWR0,60,6SHULRGV
 7KH 8&&QRUPDOL]HG 5(( GLVWULEXWLRQ
SDWWHUQVWKHSURYHQDQFHLQGH[RIVHGLPHQWV 3, WKH
FRUUHODWLRQ EHWZHHQ į(X DQG 5(( DQG OLJKW DQG
KHDY\PLQHUDODVVHPEODJHVDUHXVHGWRDQDO\]HWKH
VHGLPHQW SURYHQDQFH RI FRUH 17 DQG 17 LQ WKH
ZHVWHUQ VKHOI DUHD RI WKH 6RXWK <HOORZ 6HD
&RPSDULQJ ZLWK WKH GLVWULEXWLRQ FKDUDFWHULVWLFV RI
EXULHG SDOHRFKDQQHO LQ WKH <DQJW]H 5LYHU DQG WKH
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>@<DQJ 6< /L &; =KDQJ -4  
3DODHRJHRJUDSKLFHYROXWLRQRIFRDVWDOSODLQDQG
SURYHQDQFH VWXG\ RI SRVWJODFLDO VHGLPHQWV LQ
QRUWK MLDQJVX SURYLQFH -RXUQDO RI
3DODHRJHRJUDSK\   
>@-LDQJ)4=KRX;-/L$&/L7*  
4XDQWLWDWLYHGLVFULPLQDWLRQRIVHGLPHQWVLQWKH
<DQJW]H5LYHUDQGWKH<HOORZ5LYHUE\į(X1
5((V JUDSKLF PHWKRG 6FLHQWLD 6LQLFD 7HUUDH
   
>@;LH<<+H.=KRX-.DQJ&*  
&KHPLFDOFKDUDFWHULVWLFRIGXVWVWRUPGHSRVLWVLQ
+DUELQ DQG LWV PDWWHU RULJLQ *HRJUDSKLFDO
5HVHDUFK   
>@/DQ ;+ =KDQJ =; /L 5+ 'LQJ '
 3UREHQDQFH6WXG\RI6HGLPHQWVLQ&RUH
17 RI WKH 6RXWK <HOORZ 6HD $FWD
6HGLPHQWRORJLFD6LQLFD  
>@:DQJ+;  7KH0LQHUDO*HRFKHPLVWU\
5HFRUGV RI WKH (QYLURQPHQWDO (YROXWLRQ LQ
6RXWK<HOORZ6HD6LQFH/DWH3OHLVWRFHQH(SRFK
2FHDQ8QLYHUVLW\RI&KLQD 
>@6RQJ=-*RQJ/0*DR/*X=.<X
=)7DQJ:-  6WXG\RQSDOHRFKDQQHO
GLVWULEXWLRQ LQ WKH :HVWHUQ 6RXWK <HOORZ 6HD
GXULQJ HDUO\ ZXUP JODFLDWLRQ EDVHG RQ DUFJLV
,QWHUQDWLRQDO -RXUQDO RI (DUWK 6FLHQFHV DQG
(QJLQHHULQJ  
>@6RQJ=-*X=.*DR/*XR':  
3DOHRFKDQQHOGLVWULEXWLRQRQ6RXWK<HOORZ6HD
6KHOI LQ ODWH :XUP *ODFLDO EDVHG RQ$UF*,6
,QWHUQDWLRQDO -RXUQDO RI (DUWK 6FLHQFHV DQG
(QJLQHHULQJ  
>@6RQJ =- *DR / *X =.  
,GHQWLILFDWLRQ RI WKH <DQJW]H 5LYHU DQG WKH
<HOORZ5LYHU3DOHRFKDQQHOVLQWKH6RXWK<HOORZ
6HD6KHOI0DULQH6FLHQFHV  
>@/LQ ;7 /L :5 6KL =%  
&KDUDFWHULVWLFV RI PLQHUDORJ\ LQ WKH FODVWLF
VHGLPHQWV IURP WKH <HOORZ 5LYHU SURYHQDQFH
0DULQH *HRORJ\  4XDWHUQDU\ *HRORJ\
  
>@6XQ %<   'HWULWDO PLQHUDO DVVHPEODJHV
LQWKH+XDQJKH&KDQJMLDQJDQG=KXMLDQJ5LYHU
GHOWDVHGLPHQWV0DULQH*HRORJ\ 4XDWHUQDU\
*HRORJ\  
>@*DR06*XR)+RX*+4LX-'.RQJ
;+/LX6+XDQJ;<=KXDQJ++  
7KHHYROXWLRQRIVHGLPHQWDU\HQYLURQPHQWVLQFH
ODWH 3OHLVWRFHQH LQ /DL]KRX %D\ %RKDL 6HD
*HRORJ\LQ&KLQD  
>@/DQ;+4LQ<&:DQJ=%&KHQ;+
0L %% +XDQJ /   *HRFKHPLFDO
&KDUDFWHULVWLFV RI 6HGLPHQWV LQ WKH (DVWHUQ
%RKDL 6HD VLQFH /DWH 3OHLVWRFHQH $FWD
6HGLPHQWRORJLFD6LQLFD  





>@ &KHQ =+ 6KL ;) DQG :DQJ ;4  
*HRFKHPLFDO FKDQJHV LQ &RUH % LQ WKH
VRXWKHUQ +XDQJKDL 6HD DQG LPSOLFDWLRQV IRU
YDULDWLRQV LQ SDOHRHQYLURQPHQW DQG SDOHR
FOLPDWH$FWD2FHDQRORJLFD6LQLFD  

>@ /DQ;+0HL;/L5+=KDQJ=;/L-
*X =)   'LVWULEXWLRQ DQG 6RXUFH
$QDO\VLV RI (OHPHQWV IURP 6HGLPHQWV LQ WKH
1RUWKHUQ 6RXWK <HOORZ 6HD VLQFH WKH /DWH
3OHLVWRFHQH*HRVFLHQFH  
>@ /DQ ;+ 6KHQ 6;   *HRFKHPLFDO
&KDUDFWHULVWLFV RI 5DUH (DUWK (OHPHQWV RI
6HGLPHQW&RUHVIURPWKH&HQWUDO6RXWK<HOORZ
6HD0DULQH6FLHQFH%XOOHWLQ  
>@ 0HL;/L5+=KDQJ;+/LX46/LX
-;:DQJ =% /DQ ;+ /LX - 6XQ 57
  (YROXWLRQ RI WKH <HOORZ 6HD :DUP
&XUUHQW DQG WKH<HOORZ 6HD &ROG :DWHU 0DVV
VLQFHWKH0LGGOH3OHLVWRFHQH3DODHRJHRJUDSK\
3DODHRFOLPDWRORJ\3DODHRHFRORJ\
>@ =KDQJ;+=KDQJ=;/DQ;+/L5+
  5HJLRQDO *HRORJ\ RI WKH 6RXWKHUQ
<HOORZ6HD&KLQD2FHDQ3UHVV%HLMLQJ
>@ /DQ;+=KDQJ;-=KDR*7=KDQJ;+
  'LVWULEXWLRQ RI UDUH HDUWK HOHPHQWV LQ
VHGLPHQWVIURP&RUH17RIWKH6RXWK<HOORZ
6HD DQG WKHLU SURYHQDQFH GLVFULPLQDWLRQ
*HRFKLPLFD  
>@0HL ;   6HGLPHQWDU\ 5HFRUG DQG
(QYLURQPHQWDO ,PSOLFDWLRQV VLQFH WKH /DWH
3OHLVWRFHQH IURP WKH &RUH '/& LQ 6RXWK
<HOORZ 6HD *UDGXDWH 6FKRRO 2I 7KH &KLQHVH
$FDGHP\ 2I 6FLHQFHV 7KH ,QVWLWXWH RI
2FHDQRORJ\  
>@;X=./LP'&KRL-<DQJ6<-XQJ+
 5DUHHDUWKHOHPHQWVLQERWWRPVHGLPHQWV
RI PDMRU ULYHUV DURXQG WKH <HOORZ 6HD
LPSOLFDWLRQV IRU VHGLPHQW SURYHQDQFH *HR
0DULQH/HWWHUV  
>@7D\ORU 65 0F/HQQDQ 60   7KH
&RQWLQHQWDO &UXVW ,WV &RPSRVLWLRQ DQG
(YROXWLRQ2[IRUG%ODFNZHOO  
>@/DQ;+=KDQJ;-:DQJ+;=KDR*7
=KDQJ =; /LQ =+   6HGLPHQWDU\
JHRFKHPLVWU\LQ&RUH17RIWKH6RXWK<HOORZ
6HD DQG LWV SURYHQDQFH 0DULQH *HRORJ\ 
4XDWHUQDU\*HRORJ\  
>@/LX-6DLWR<.RQJ;+:DQJ+=KDR
/   *HRFKHPLFDO FKDUDFWHULVWLFV RI
VHGLPHQW DV LQGLFDWRUV RI SRVWJODFLDO
HQYLURQPHQWDO FKDQJHV RII WKH 6KDQGRQJ
3HQLQVXODLQWKH<HOORZ6HD&RQWLQHQWDO6KHOI
5HVHDUFK  
>@/L6//L64  5((FRPSRVLWLRQDQG
VRXUFHWUDFLQJRIVHGLPHQWVIURP&RUH<$LQ
<HOORZ 6HD 0DULQH *HRORJ\  4XDWHUQDU\
*HRORJ\  
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>@/L;/L5+&KHQ;+4LDQJ;.=KDR
+   4XDWHUQDU\ 0DJQHWRVWUDWLJUDSK\
5HFRUGHGLQWKH6HGLPHQWVRI&RUH7-&LQWKH
ZHVWHUQ %RKDL 6HD 4XDWHUQDU\ 6FLHQFHV 

>@/L64/L6/&KHQ=;7DQJ%*&KHQ
<;   'HOWDLF VHGLPHQWDU\ VHTXHQFHV
GHYHORSHGGXULQJODVW*ODFLDO0D[LPXPLQWKH
($FRUHRQWKHRXWHUVKHOIRIWKH(DVW&KLQD
6HD 0DULQH *HRORJ\  4XDWHUQDU\ *HRORJ\
  
>@:DQJ . =KHQJ +% 3ULQV 0 =KHQJ <
  +LJKUHVROXWLRQ SDOHRHQYLURQPHQWDO
UHFRUGRIWKHPXGVHGLPHQWVRIWKHHDVW&KLQD
6HDLQQHUVKHOI0DULQH*HRORJ\ 4XDWHUQDU\
*HRORJ\  
>@=KXDQJ/+/L7*&KDQJ)06XQ57
<DQ -   4XDQWLWDWLYH DQDO\VLV RQ WKH
EHQWKLF IRUDPLQLIHU IDXQD LQ ODWH 4XDWHUQDU\
SHULRG LQ WKH QRUWK FRQWLQHQWDO VKHOI RI HDVW
&KLQD 6HD 0DULQH *HRORJ\  4XDWHUQDU\
*HRORJ\  
>@6KL;-<X.)&KHQ7*  3URJUHVV
LQ UHVHDUFKHV RQ VHDOHYHO FKDQJHV LQ VRXWK
&KLQD 6HD VLQFH PLG+RORFHQH 0DULQH
*HRORJ\ 4XDWHUQDU\*HRORJ\  
>@<DR<7 -DQ +DUII 0LFKDHO 0H\HU  
5HFRQVWUXFWLRQ RI SDOHRFRDVWOLQHV IRU WKH
QRUWKZHVWHUQ 6RXWK &KLQD 6HD VLQFH WKH /DVW
*ODFLDO 0D[LPXP 6FLHQFH LQ &KLQD 3UHVV
  





5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

=KDRMXQ6RQJ
&ROOHJHRI(DUWK6FLHQFHDQG(QJLQHHULQJ 
6KDQGRQJ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
4LQJGDR±&KLQD 

HPDLO  VRQJ]KDRMXQ#FRP
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0,&52%,2/2*,&$/48$/,7<2))52=(16($)22'6
&21680(',1785.(<

$(]JL7HOOL <XVXI%LFHU*DP]H7XUNDO7DKLU<LOPD]<XVXI'RJUXHU

6HOFXN8QLYHUVLW\)DFXOW\RI9HWHULQDU\0HGLFLQH'HSDUWPHQWRI)RRG+\JLHQHDQG7HFKQRORJ\.RQ\D7XUNH\



$%675$&7

7KHDLPRIWKHSUHVHQWVWXG\ZDVWRGHWHUPLQH
WKH PLFURELRORJLFDO TXDOLW\ RI WKH IUR]HQ VHDIRRG
FRQVXPHGLQ7XUNH\)RUWKLVSXUSRVHDWRWDORI
IUR]HQ VHDIRRG VDPSOHV LQFOXGLQJ ILQILVK Q  
FUXVWDFHDQV Q  VKHOOILVK Q  PROOXVFVFHSK
DORSRGV Q  SURFHVVHGVHDIRRG Q  ZHUHSXU
FKDVHG IURP WKH VXSHUPDUNHWV DW LQGHSHQGHQW WLPH
DUULYDOV0LFURELRORJLFDODQDO\VHVZHUHLQFOXGHGWKH
HQXPHUDWLRQ RI WRWDO DHURELF PHVRSKLOLF EDFWHULD
70$%  (QWHUREDFWHULDFHDH Pseudomonas VSS
DQG GHWHUPLQDWLRQ RI Pseudomonas aeruginosa
Escherichia coli DQG Salmonella VSS 7KH PHDQ
FRXQWVRIRYHUDOOVDPSOHVZHUH
DQGIRU70$%(QWHUREDFWHULDFHDH
DQGPseudomonasVSSUHVSHFWLYHO\SalmonellaVSS
DQGE. coliZHUHQRWGHWHFWHGLQDQ\RIWKHVDPSOHV
7ZRRIWKHVDPSOHV  ZHUHFRQWDPLQDWHGZLWKP.
aeruginosa &RPSDULVRQ RI WKH VDPSOH JURXSV
VKRZHGWKHKLJKHVWFRQWDPLQDWLRQUDWHIRUDOOEDFWH
ULDOJURXSVZHUHWKHFUXVWDFHDQVDQGWKHORZHVWZDV
WKHVHDIRRGSURGXFWV S ޒ$QRYHUDOOHYDOXD
WLRQVKRZHGWKHIUR]HQVHDIRRGVKDGDQDFFHSWDEOH
PLFURELRORJLFDO TXDOLW\ WKDW FRQVLVWHQW WR 7XUNLVK
)RRG&RGH[5HJXODWLRQRQ0LFURELRORJLFDO&ULWHULD
DQG ,QWHUQDWLRQDO &RPPLVVLRQ RQ 0LFURELRORJLFDO
6SHFLILFDWLRQVIRU)RRGV ,&06) 1HYHUWKHOHVVWKH
GHWHFWLRQ RI P. aeruginosa FRXOG EH HYDOXDWHG DV D
FRQFHUQWREHPRQLWRUHG 



PRVWRIWKHRXWEUHDNVZHUHFDXVHGE\FRQVXPSWLRQ
RIUDZPROOXVNVDQGVKHOOILVK>@ 
8QOLNH UHG PHDW DQG SRXOWU\ PHDW VHDIRRG LV
PRUH SURQH WR EH FRQWDPLQDWHG PLFURELRORJLFDOO\
GXHWRLWVKLJKZDWHUFRQWHQWQHXWUDOS+ODUJHO\IUHH
DPLQR DFLGV WKH SUHVHQFH RI QDWXUDO DXWRO\WLF HQ
]\PHV DQG XQLTXH QDWXUH RI SURFHVVLQJ RSHUDWLRQV
>@ 
,QWKLVVHQVHFRROLQJIUHH]LQJVDOWLQJFDQQLQJ
VPRNLQJ EULQLQJ DUH DPRQJ WKH PRVW DSSOLHG SUR
FHVVLQJ DQG SUHVHUYDWLRQ WHFKQRORJLHV >@ )UR]HQ
VHDIRRGVDUHEHLQJFRQVXPHGZLWKDQLQFUHDVLQJGH
PDQGGXHWRLWVHDV\SUHSDUDWLRQDQGVHDVRQDODYDLO
DELOLW\>@,WLVJHQHUDOO\VWDWHGWKDWFU\RSUHVHUYD
WLRQ KDV D EDFWHULRVWDWLF HIIHFW RQ PLFURRUJDQLVPV
+RZHYHUDOWKRXJKSUHVHUYDWLRQE\IUHH]LQJLQVHD
IRRGFRQWULEXWHVWRWKHSURORQJDWLRQRIVKHOIOLIHE\
UHGXFLQJWKHJURZWKRIPLFURRUJDQLVPVDQGE\WKH
HIIHFW RI JO\FRO\WLF DQG DXWRO\WLF HQ]\PHV LW GRHV
QRWFRPSOHWHO\SUHYHQWPLFURELDOUHDFWLRQV>@  
$QRWHZRUWK\UHGXFWLRQLQWKHVXUYLYDORILQLWLDO
EDFWHULDOFRXQWLVPDMRUO\GHSHQGVRQWKHVSHFLHVRI
EDFWHULDDQGIUHH]LQJWHPSHUDWXUH1DWXUDOPLFUREL
RORJLFDOIORUDRIIUHVKVHDIRRGLVW\SLFDOO\FRQVLVWVRI
PseudomonasVSSDQGShewanellaVSS>@)XUWKHU
PRUHWKHUHDUHVHYHUDOEDFWHULDODJHQWVVXFKDVListeria monocytogenes Vibrio parahaemolyticus E.
coli DQG Salmonella VSS WKDW FDQ EH WUDQVPLWWHG
WKURXJKVHDIRRGFRQVXPSWLRQ7KHSUHVHQFHRISalmonellaVSSDQGE. coliKDVEHHQUHSRUWHGE\DQXP
EHURIVWXGLHVLQDTXDWLFHQYLURQPHQWVDQGVHDIRRGV
>@$V WKH QDWXUDO LQKDELWDQW RI JDVWURLQWHVWLQDO
WUDFWRIPDPPDOLDQVDQGELUGVSalmonellaVSSDQG
E. coliFRQWDPLQDWLRQLQVHDIRRGLVUHODWHGWRWKHIDH
FDO FRQWDPLQDWLRQ %HVLGHV PRQLWRULQJ WKH 7RWDO
$HURELF &RXQWV (QWHUREDFWHULDFHDH DUH WKH FUXFLDO
SDUDPHWHUV DVWKH SURFHVVTXDOLW\ LQGLFDWRUV LQILVK
VXFKDVVWRUDJHZDVKLQJDQGHYLVFHUDWLRQ>@ 
7KHPDLQSXUSRVHRIWKHVWXG\ZDVWRHYDOXDWH
WKHPLFURELRORJLFDOTXDOLW\RIIUR]HQVHDIRRGVE\GH
WHUPLQLQJ WKH WRWDO DHURELF PHVRSKLOLF EDFWHULD
7$0%  Pseudomonas VSS Salmonella VSS (Q
WHUREDFWHULDFHDHDQGE. coliFRQVXPHGLQ7XUNH\ 







.(<:25'6
)UR]HQ VHDIRRG PLFURELRORJLFDO TXDOLW\ Pseudomonas
VSS WRWDO DHURELF PHVRSKLOLF EDFWHULD 70$%  (QWHUR
EDFWHULDFHDH 



,1752'8&7,21

6HDIRRGLVJHQHUDOO\UHJDUGHGDVFRQWDLQLQJWKH
PRVW YDOXDEOH SURWHLQ DQG HVVHQWLDO PLFURQXWULHQWV
IRUDKHDOWK\OLIHDQGEDODQFHGGLHWEXWLWLVDOVRUH
VSRQVLEOHIRUIRRGERUQHGLVHDVHVDQGHSLGHPLFVGXH
WR WKH ODFN RI WKH JRRG PDQXIDFWXUH DQG K\JLHQLF
SUDFWLFHV GXULQJ SURFHVVLQJ VWRUDJH DQG KDQGOLQJ
ZRUOGZLGH>@7KH&HQWHUVIRU'LVHDVH&RQWURODQG
3UHYHQWLRQ &'& KDVUHSRUWHGWKDWILVKDQGVKHOOILVK
DFFRXQWHG IRU  RI DOO IRRGERUQH LOOQHVVHV DQG
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PHWKRGIROORZLQJWKHDGGLWLRQRI/RI;7ULV
('7$ 7( EXIIHU 

5HIHUHQFH 6WUDLQV 6 (QWHULWLGLV $7&&
  P. aeruginosa 1&7&   E. coli
$7&& UHIHUHQFHVWUDLQVZHUHXVHGDVSRVL
WLYHFRQWUROIRUWKH3&5

3&5$PSOLILFDWLRQ3&5UHDFWLRQPL[HVZHUH
FRQVLVWHG RI  ȝ/ WHPSODWH '1$  ȝ/  î 3&5
EXIIHU 0\7DT5HDFWLRQ%XIIHU%LROLQH 8RI7DT
'1$3RO\PHUDVH 0\7DT'1$3RO\PHUDVH%LROLQH 
DQG0RIHDFKSULPHU7KHUHDFWLRQPL[ZDVDG
MXVWHGLQDILQDOYROXPHRIȝOZLWKQXFOHDVHIUHH
ZDWHU GG+2 7KHSULPHUSDLUVXVHGLQWKLVVWXG\
DUHVKRZQRQ7DEOH 
7KHUPDO F\FOHU WHPSHUDWXUH SURILOHV IRU 3&5
DPSOLILFDWLRQRISalmonellaVSSE. coliDQGP. aeruginosa ZHUH IROORZHG DV UHFRPPHQGHG E\ WKH
SXEOLVKHGGDWDRIWKHSUHYLRXVVWXGLHV 7DEOH ZLWK
PRGLILFDWLRQ RI LQFUHDVLQJ WKH F\FOH QXPEHU WR 
F\FOHVIRUP. aeruginosaDQGLQFUHDVLQJWKHDQQHDOLQJ
WHPSHUDWXUHDV&3DLDRHWDO>@IRUSalmonella
VSS)ROORZLQJWKHDPSOLILFDWLRQWKH3&5SURGXFWV
ZHUHHOHFWURSKRUHVHGDW9RQD ZY DJD
URVHJHOFRQWDLQLQJSJPOHWKLGLXPEURPLGH$
ESOHQJWKODGGHUDQGWKHWHPSODWH'1$RIWKHUHIHU
HQFHVWUDLQVZHUHLQFOXGHGLQHDFKUXQ7KHDJDURVH
JHOVZHUHYLVXDOLVHGXQGHUDQ89WUDQVLOOXPLQDWRU

0$7(5,$/6$1'0(7+2'6

6DPSOH&ROOHFWLRQ,QWKHVWXG\DWRWDORI
UHWDLO IUR]HQ VHDIRRG VDPSOHV ZHUH UDQGRPO\ SXU
FKDVHGIURPVXSHUPDUNHWVDWLQGHSHQGHQWWLPHDUUL
YDOV 7DEOH   6DPSOHV ZHUH LPPHGLDWHO\ WUDQV
SRUWHG WR WKH ODERUDWRU\ XQGHU FROG FKDLQ DQG DQD
O\]HGZLWKLQK

0LFURELRORJLFDO$QDO\]HV(QXPHUDWLRQRIWR
WDODHURELFPHVRSKLOLFEDFWHULD 70$% (QWHUREDF
WHULDFHDHPseudomonasVSSZDVSHUIRUPHGE\WKH
,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ ,62 
>@,62>@DQG,62
>@PHWKRGVUHVSHFWLYHO\ 
Salmonella VSS LVRODWLRQ ZDV FDUULHG RXW DF
FRUGLQJ WR WKH PHWKRG UHFRPPHQGHG E\ ,62
>@H[FHSWWKDWWKHXVHRI;\ORVH/DFWRVH
7HUJLWRO  ;/7 0HUFN   $JDU VXSSOH
PHQWHG ZLWK ;/7 6HOHFWLYH 6XSSOHPHQW 0HUFN
 IRUSODWLQJRXWIROORZLQJWKHVHOHFWLYHHQ
ULFKPHQWE. coliLVRODWLRQZDVSHUIRUPHGDFFRUGLQJ
WRWKH,62>@PHWKRGP. aeruginosa
ZDV LVRODWHG DFFRUGLQJ WR WKH PHWKRGGHVFULEHGE\
0LFNRYDHWDO>@

'1$,VRODWLRQ7KHJHQRPLF'1$RIWKHVXV
SHFWHG FRORQLHV ZDV H[WUDFWHG XVLQJ WKH ERLOLQJ


7$%/(
)UR]HQVHDIRRGVXVHGLQWKHVWXG\
3URGXFWW\SH                                            

Q












)UR]HQPDU൴QHI൴VK
$QFKRY\I൴OOHW (QJUDXO൴VHQFUDV൴FROXV  
+DGGRFNI൴OOHW 0HUODQJ൴XVHX[PXV  
%RQ൴WR 6DUGDVDUGD$WODQW൴FERQ൴WR  
6DUG൴QHI൴OOHW 6DUG൴QDS൴OFKDUGXV  
0DFNHUHO)൴OOHW 6FRPEHUVFRPEUXV  
6KHOOI൴VK
$N൴YDGHV 7DSHV3K൴O൴SS൴QDU൴XP 
6KHOOHGPXVVHO 0\W൴OXVJDOORSURY൴QF൴DO൴V 
0XVVHOPHDW 0\W൴OXVFK൴OHQV൴V  
9RQJROH 9RQJROHYHUDF൴ 
&UXVWDFHDQV 
6KU൴PS 3DUDSHQDHXVORQJ൴URVWU൴V  
0ROOXVFVFHSKDORSRGV
2FWRSXV 2FWRSXVYXOJDU൴V  
6TX൴G 7RGDURGHVVDJ൴WWDWXV  
3URFHVVHGVHDIRRG
)൴VKI൴QJHU 
6XU൴P൴ 
7RWDO
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7$%/(
3ULPHUSDLUVXVHGLQWKHVWXG\
1XFOHRW൴GHVHTXHQFH ¶¶ 

3URGXFW
OHQJWK
ES 


5HIHUHQFH

E.coli
)*7*$&$$$$*&&&**$&$&&$7$$$7*&&7
>@
KRXVHNHHS൴QJ SKR 57$&$&7*7&$77$&*77*&**$777**&*7
$
Salmonella
VSS )*7*$$$77$7&*&&$&*77&***&$$

>@
,QY$ 
57&$7&*&$&&*7&$$$**$$&&
P. aeruginosa  6 )*****$7&77&**$&&7&$

>@
U51$
57&&77$*$*7*&&&$&&&*

7$%/(
70$%(QWHUREDFWHULDFHDHDQGPseudomonasVSSFRXQWVLQVDPSOHJURXSV ORJ&)8J0HDQ6( 

)൴QI൴VK Q  
6KHOOI൴VK
&UXVWDFHDQV 0ROOXVFV
6HDIRRG
Q  
Q  
FHSKDORSRGV
3URGXFWV
Q  
Q  
D
E
D
E
E
70$%
DE F
D
EF
F
(QWHUREDFWHU൴FHDH
E
F
D
F
   
 
 
F
Pseudomonas VSS
'DWDDUHSUHVHQWHGDVPHDQVWDQGDUWHUURU  'DWDZLWKGLIIHUHQWVXSHUVFULSW DEF   LQGLFDWH  VLJQLILFDQWGLIIHUHQFH S 


6WDWLVWLFDO$QDO\VHV 7KH GHVFULSWLYH VWDWLVWLFV
ZHUHSHUIRUPHGWRGHWHUPLQHWKHPHDQYDOXHVRIWKH
DQDO\VHGVDPSOHV2QHZD\DQDO\VLVRIYDULDQFHLQ
VDPSOHJURXSV $129$ ZDVSHUIRUPHGZLWK'XQ
FDQ V PXOWLSOH UDQJH WHVW SRVWKRF FRPSDULVRQ S 
ZDVFRQVLGHUHGVWDWLVWLFDOO\VLJQLILFDQW6WDWLVWL
FDO DQDO\VLV ZDV SHUIRUPHGE\ D VWDWLVWLFV VRIWZDUH
SDFNDJH SURJUDP 6366  ,%0 &RUS 5HOHDVHG
 ,%0 6366 6WDWLVWLFV IRU :LQGRZV 9HUVLRQ
$UPRQN1<,%0&RUS 


5(68/76$1'',6&866,21

0HDQ ORJDULWKPLF FRXQWV ORJ &)8  J  RI
70$% (QWHUREDFWHULDFHDH DQG Pseudomonas VSS
DUHVKRZQRQ)LJXUH'LVWULEXWLRQRIWKH70$%
(QWHUREDFWHULDFHDH DQG Pseudomonas VSS FRXQWV
ORJ &)8  J 0HDQ  6(  LQ VDPSOH JURXSV DUH
VKRZQRQ7DEOH$FFRUGLQJO\WKHKLJKHVWFRQWDP
LQDWLRQUDWHZLWK70$%ZDVLQWKHFUXVWDFHDQVDQG
ILQILVK JURXS (QWHUREDFWHULDFHDH FRXQWV ZHUH WKH
KLJKHVWLQFUXVWDFHDQV%HVLGHVWKHORZHVWFRQWDPL
QDWLRQ UDWH ZDV LQ VHDIRRG SURGXFWV Pseudomonas
VSSFRQWDPLQDWLRQZDVWKHKLJKHVWLQFUXVWDFHDQV,W
ZDVQRWHZRUWK\WKDWWKHUHZHUHQRPseudomonasVSS
FRQWDPLQDWLRQLQWKHVKHOOILVKDQGVHDIRRGSURGXFWV
$QRYHUDOOHYDOXDWLRQVKRZHGWKHKLJKHVWFRQWDPL
QDWLRQUDWHIRUDOOEDFWHULDOJURXSVZHUHWKHFUXVWD
FHDQVDQGWKHORZHVWZDVWKHVHDIRRGSURGXFWVSalmonellaVSSDQGE. coliZHUHQRWGHWHFWHGLQDQ\RI
WKHVDPSOHV+RZHYHUP. aeruginosaZDVGHWHFWHGLQ
WZRFUXVWDFHDQVDPSOHV   )LJXUH 
7KHPRVWZLGHO\DFFHSWHGPLFURELRORJLFDOFUL
WHULDSURSRVHGE\WKH,QWHUQDWLRQDO&RPPLVVLRQRQ
0LFURELRORJLFDO 6SHFLILFDWLRQV IRU )RRGV >@ IRU

IUR]HQVHDIRRGLVDHURELFSODWHFRXQWV $3& ([FHVV
RI$3&OHYHOVDERYH&)8JLQIUR]HQVHDIRRG
LVJHQHUDOO\WKHLQGLFDWRURILQDGHTXDWHIUHH]LQJWHP
SHUDWXUHV RYHU VWRUDJH RU WKH LQLWLDO FRQWDPLQDWLRQ
UDWHV SULRU WR IUHH]LQJ ,Q WKLV SRLQW RI YLHZ$3&
FRXQWVLQDOOVDPSOHJURXSVLQFOXGLQJIUR]HQPDULQH
ILVK VKHOOILVK FUXVWDFHDQV PROOXVFVFHSKDORSRGV
SURFHVVHG VHDIRRG ZHUH LQ DFFHSWDEOH OHYHO 2XU
VWXG\ZDVUHODWLYHO\LQDFFRUGDQFHZLWKWKHVWXG\RI
2NRQNRHWDO>@LQ1LJHULDEXWPDUNHGO\KLJKHUUH
VXOWV [ &)8  J  ZHUH UHSRUWHG E\$EG(O
+DG\HWDO>@LQIUR]HQILQILVKPDUNHWHGLQ(J\SW
DQG7RSLF3RSRYLF HW DO >@ LQ IUR]HQ VHDIRRGV LQ
&URDWLDZKLFKZDVUHSRUWHGWKDWRIWKHVDPSOHV
ZHUHDERYH&)8J(QWHUREDFWHULDFHDHFRQWDP
LQDWLRQUDWHZDVDOVRLQOLQHZLWKWKHVWXG\FRQGXFWHG
E\7RSLF3RSRYLFHWDO>@WKDWQRQHRIWKHIUR]HQ
VHDIRRG VDPSOHV ZHUH KLJKHU WKDQ WKH OHYHO RI 
&)8  J DQG DQRWKHU VWXG\ E\9D]3LUHV HW DO >@
ZKHUH WKH (QWHUREDFWHULDFHDH FRXQWV LQ FXWWOHILVK
PROOXVFVDQGEURDGWDLOVKRUWILQVTXLGVDPSOHVZHUH
VWDWHG DV QHJOLJLEOH  ޒORJ &)8FP  5HVXOWV
GHPRQVWUDWH (QWHUREDFWHULDFHDH FRQWDPLQDWLRQ UDWH
ZDVQRWDWWKHXQDFFHSWDEOHOHYHO1RQHWKHOHVVWKH
UHDVRQ IRU HQWHUREDFWHULDO FRQWDPLQDWLRQ VKRXOG EH
FRQVLGHUHGDVWKHLQGLFDWRURIIDHFDOFRQWDPLQDWLRQ
GXHWRWKHLOOLFLWZDVWHZDWHUGLVSRVDOKDUYHVWLQJLQ
XQFRQWUROOHGDUHDVLPSURSHUKDQGOLQJDQGSRRUK\
JLHQLF FRQGLWLRQ GXULQJ SURFHVVLQJ WUDQVSRUWDWLRQ
DQGPDUNHWLQJ>@
PseudomonasVSSFRQWDPLQDWLRQLQFUXVWDFHDQ
DQG ILQILVK VDPSOHV ZHUH LQ OLQH ZLWK WKH SUHYLRXV
VWXGLHV >@ $QRWKHU FRPSDUDEOH VWXG\ LQ
'HQPDUNEDVHGRQWKHGHWHFWLRQRIPLFURIORUDRIWKH
ILVKDQGVKULPSVDPSOHVWKHGRPLQDQWJHQHUDZHUH
IRXQGWREHPseudomonasVSS  >@2XUVWXG\ 
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ϯ
Ϯ͕ϱ
Ϯ
ϭ͕ϱ
ϭ
Ϭ͕ϱ
Ϭ
dD

ŶƚĞƌŽďĂĐƚĞƌŝĂĐĞĂĞ

WƐĞƵĚŽŵŽŶĂƐƐƉƉ͘

),*85(
%DFWHULDOFRXQWVLQIUR]HQVHDIRRGSURGXFWV ORJ&)8J0HDQ6( 





),*85(
897UDQVLOOXPLQDWRU,PDJHRIP. aeruginosa3RVLWLYH6DPSOHV
ESODGGHUSRVLWLYHFRQWURO 3DHUXJLQRVD$7&& SRVLWLYHVDPSOHVQHJDWLYHFRQWURO



FDQWO\KLJKHUUHVXOWVIRUSalmonellaVSSFRQWDPLQD
WLRQ  ZHUHUHSRUWHGE\(OKDGLHWDO>@LQ
GLIIHUHQW FRXQWULHV LQFOXGLQJ 7KDLODQG ,QGLD %DK
UDLQ0\DQPDUDQG9LHWQDPLQIUR]HQIUHVKZDWHUILVK 
$QRYHUDOOHYDOXDWLRQVKRZHGWKDWWKHPLFUR
ELRORJLFDOFRXQWVRIWKHVDPSOHJURXSVYDULHGZLGHO\
EHWZHHQ WKH DQLPDO VSHFLHV ,Q WKLV FRQWH[W PHDQ
YDOXHVRI70$% DQG (QWHUREDFWHULDFHDH LQ FUXVWD
FHDQVDQGILQILVKZHUHKLJKHUFRPSDUHGWRWKHRWKHU
JURXSV S  ޒ7DEOH   7KLV LV FRQVLVWHQW ZLWK
ZKDWKDVEHHQIRXQGLQWKHVWXG\RI7RSLF3RSRYLF
HWDO>@DVLPLODUUHVXOWZLWKWKHKLJKHUFRQWDPLQD
WLRQUDWHLQIUR]HQFUXVWDFHDQVDQGILVKVDPSOHVFRP
SDUHGWRPROOXVFVDQGVKHOOILVKERWKLQVXPPHUDQG
LQ ZLQWHU VHDVRQV 5HODWLYHO\ KLJKHU FRQWDPLQDWLRQ
UDWHFRPSDUHGWRRXUUHVXOWVZDVDOVRVWDWHGWKDW
RIIUR]HQPROOXVFVLQVXPPHULQZLQWHUZHUH
RYHUWKH&)8J


&21&/86,216

2YHUDOOPLFURELRORJLFDOTXDOLW\RIIUR]HQVHD
IRRGDQGIUR]HQVHDIRRGSURGXFWVZDVDFFHSWDEOHIRU
PLFURELRORJLFDO TXDOLW\ WKDW FRQVLVWHQW WR 7XUNLVK
)RRG&RGH[5HJXODWLRQRQ0LFURELRORJLFDO&ULWHULD

GHPRQVWUDWHG WKDW VKHOOILVK DQG SURFHVVHG VHDIRRG
ZHUHQRWFRQWDPLQDWHGZLWKPseudomonasVSS
7KHVHUHVXOWVDUHLQDJUHHPHQWZLWKWKHSUHYL
RXVILQGLQJVRI$XHUVZDOGHWDO>@ZKLFKZHUHFDU
ULHGRXWWRGHWHFWVRPHKLVWLGLQHSURGXFLQJEDFWHULDO
VSHFLHV LQFOXGLQJ Pseudomonas VSS LQ &DSHWRZQ
7KHUHVHDUFKHUVKDYHVWDWHGWKDWQHLWKHUPseudomonasVSSQRUWKHRWKHUEDFWHULDOVSHFLHVZHUHQRWGH
WHFWHG LQ YDULRXV W\SHV RI IUHVK DQG SURFHVVHG VHD
IRRGP. aeruginosa ZDVGHWHFWHGLQVDPSOHV  
7KHUHZHUHUHODWLYHO\KLJKHUFRQWDPLQDWLRQZLWKWKH
UDWHRILQILQILVKE\6DOHPHWDO>@LQ(J\SW
DQGPDUNHGO\KLJKHUZLWKWKHUDWHEHWZHHQ
LQVKULPSVDPSOHVZLWKGLIIHUHQWVSHFLHVE\
$IROD\DQHWDO>@LQ1LJHULD 
,QRXUVWXG\QHLWKHUE. coliQRUSalmonellaVSS
ZHUHQRWLVRODWHGLQDQ\RIWKHVDPSOHV,QDFRPSD
UDEOH VWXG\ FRQGXFWHG LQ &URDWLD D VLPLODU SDWWHUQ
ZDV REVHUYHG ZKLFK Salmonella VSS ZDV QRW GH
WHFWHGLQDQ\RIWKHVDPSOHVDQDO\]HG+RZHYHU
DFRQWUDU\UHVXOWZDVVWDWHGWKDWWKHE. coliFRQWDPL
QDWLRQ LQ D IUHVK ZLQWHU VKHOOILVK VDPSOH ZDV H[
FHHGHGWKH&)8J>@$QRWKHUFRQWUDU\UHVXOW
LQDWZR\HDUVRIVXUYH\VWXG\LQ,WDO\Salmonella
VSS ZDV LVRODWHG LQ VHDIRRG RI  >@ 6LJQLIL
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>@7RSLü3RSRYLü1%HQXVVL6NXNDQ$'åLGDUD
3 ýRå5DNRYDF 5 6WUXQMDN3HURYLü ,
.R]DþLQVNL/-DGDQ0DQG%UOHN*RUVNL'
  0LFURELRORJLFDO TXDOLW\ RI PDUNHWHG
IUHVKDQGIUR]HQVHDIRRGFDXJKWRIIWKH$GULDWLF
FRDVW RI &URDWLD 9HWHULQDUQL 0HGLFLQD   
±
>@=DPEXFKLQL%)LRULQL'9HUGHQHOOL0&
2USLDQHVL&DQG%DOOLQL5  ,QKLELWLRQ
RI PLFURELRORJLFDO DFWLYLW\ GXULQJ VROH 6ROHD
VROHD/ FKLOOHGVWRUDJHE\DSSO\LQJHOODJLFDQG
DVFRUELFDFLGV/:7)RRG6FLHQFHDQG7HFKQRO
RJ\  
>@,62  0LFURELRORJ\ RI IRRG DQG
DQLPDO IHGLQJ VWXIIV  +RUL]RQWDO PHWKRGV IRU
WKHGHWHFWLRQDQGHQXPHUDWLRQRI(QWHUREDFWHUL
DFHDH3DUW&RORQ\FRXQWPHWKRG
>@,62    0LFURELRORJ\ RI WKH IRRG
FKDLQ²+RUL]RQWDOPHWKRGIRUWKHHQXPHUDWLRQ
RI PLFURRUJDQLVPV²3DUW &RORQ\ FRXQW DW
&E\WKHSRXUSODWHWHFKQLTXH 
>@,62    0HDW DQG PHDW SURGXFWV 
(QXPHUDWLRQRISUHVXPSWLYH3VHXGRPRQDVVSS
>@,62  0LFURELRORJ\RIIRRGDQGDQ
LPDOIHHGLQJVWXIIV²+RUL]RQWDOPHWKRGIRUWKH
GHWHFWLRQRI6DOPRQHOODVSS
>@,62    0LFURELRORJ\ RI WKHIRRG
FKDLQ+RUL]RQWDOPHWKRGIRUWKHHQXPHUDWLRQRI
EHWDJOXFXURQLGDVHSRVLWLYH (VFKHULFKLD FROL
3DUW  'HWHFWLRQ DQG PRVW SUREDEOH QXPEHU
WHFKQLTXH XVLQJ EURPRFKORURLQGRO\O
'JOXFXURQLGH
>@0LFNRYD9/XNDVRYD-.RQHQFQ\6  
3VHXGRPRQDVDHUXJLQRVDLQUDZDQGSDVWHXUL]HG
PLON9HWHU0HG 3UDKD   
>@.RQJ5<&6R&//DZ:)DQG:X
566  $VHQVLWLYHDQGYHUVDWLOHPXOWL
SOH[3&5V\VWHPIRUWKHUDSLGGHWHFWLRQRIHQ
WHURWR[LJHQLF (7(&  HQWHURKDHPRUUKDJLF
(+(& DQGHQWHURSDWKRJHQLF (3(& VWUDLQVRI
(VFKHULFKLD FROL 0DULQH 3ROOXWLRQ %XOOHWLQ
  
>@3DWWDQD\DL\LQJ 5 6DQH$ 3KRWMDQDWDUHH 3
DQG &XWWHU &1   7KHUPRSODVWLF
VWDUFKSRO\EXW\OHQH DGLSDWH WHUHSKWKDODWH ILOP
FRDWHGZLWKJHODWLQFRQWDLQLQJQLVLQ=DQGODXULF
DUJLQDWHIRUFRQWURORIIRRGERUQHSDWKRJHQVDV
VRFLDWHGZLWKFKLOOHGDQGIUR]HQVHDIRRG,QWHU
QDWLRQDO-RXUQDORI)RRG0LFURELRORJ\

>@6SLONHU 7 &RHQ\H 7 9DQGDPPH 3 DQG
/L3XPD--  3&5EDVHGDVVD\IRUGLIIHU
HQWLDWLRQRI3VHXGRPRQDVDHUXJLQRVDIURPRWKHU
3VHXGRPRQDVVSHFLHVUHFRYHUHGIURPF\VWLFIL
EURVLVSDWLHQWV-RXUQDORI&OLQLFDO0LFURELRORJ\
  





DQG ,QWHUQDWLRQDO &RPPLVVLRQ RQ 0LFURELRORJLFDO
6SHFLILFDWLRQVIRU)RRGV ,&06) 6WLOOSUHVHQFHRI
P. aeruginosaDQGKLJKHUEDFWHULDOUDWHVLQFUXVWDFHDQ
JURXSVKRXOGEHHYDOXDWHGDVDSXEOLFKHDOWKFRQFHUQ
WREHPRQLWRUHG


5()(5(1&(6

>@ 3DWWDQD\DL\LQJ 5 6DQH$ 3KRWMDQDWDUHH 3
DQG &XWWHU &1   7KHUPRSODVWLF
VWDUFKSRO\EXW\OHQH DGLSDWH WHUHSKWKDODWH ILOP
FRDWHGZLWKJHODWLQFRQWDLQLQJQLVLQ=DQGODXULF
DUJLQDWHIRUFRQWURORIIRRGERUQHSDWKRJHQVDV
VRFLDWHGZLWKFKLOOHGDQGIUR]HQVHDIRRG,QWHU
QDWLRQDO-RXUQDORI)RRG0LFURELRORJ\

>@ 2OJXQRJOX,$  6DOPRQHOODLQILVKDQG
ILVKHU\SURGXFWV,Q0DKPRXG%60 (G 
6DOPRQHOOD$'DQJHURXV)RRGERUQH3DWKRJHQ
,Q7HFK&URDWLD
>@ -H\DVHNDUDQ * *DQHVDQ 3 $QDQGDUDM 5
6KDNLO5-DQG6XNXPDU'  4XDQWLWD
WLYHDQGTXDOLWDWLYHVWXGLHVRQWKHEDFWHULRORJL
FDOTXDOLW\RI,QGLDQZKLWHVKULPS 3HQDHXVLQ
GLFXV  VWRUHG LQ GU\ LFH)RRG 0LFURELRORJ\
  
>@ -HRQ<-.DPLO-<DQG6KDKLGL)  
&KLWRVDQDVDQHGLEOHLQYLVLEOHILOPIRUTXDOLW\
SUHVHUYDWLRQRIKHUULQJDQG$WODQWLFFRG-RXUQDO
RI $JULFXOWXUDO DQG )RRG &KHPLVWU\   

>@ $EG(O$]L]1$DQG0RKDUUDP<*  
0LFURELRORJLFDO TXDOLW\ RI LPSRUWHG IUR]HQ
VKULPS LQ (J\SW$QQDOV RI $JULFXOWXUDO 6FL
HQFHV  
>@ /RYH'&$VFKH)&RQUDG=<RXQJ5
+DUGLQJ-1XVVEDXPHU(07KRUQH/\PDQ
$/DQG1HII5  )RRG6RXUFHVDQG([
SHQGLWXUHVIRU6HDIRRGLQWKH8QLWHG6WDWHV1X
WULHQWV  
>@ &KHQJ6=KDQJ7<DR/:DQJ;6RQJ
<:DQJ+:DQJ+DQG7DQ0  8VH
RIORZILHOG105DQG05,WRFKDUDFWHUL]HZD
WHU PRELOLW\ DQG GLVWULEXWLRQ LQ SDFLILF R\VWHU
&UDVVRVWUHDJLJDV GXULQJGU\LQJSURFHVV'U\
LQJ7HFKQRORJ\  
>@ &KRXOLDUD,6DYYDLGLV,13DQDJLRWDNLV1
DQG.RQWRPLQDV0*  3UHVHUYDWLRQRI
VDOWHG YDFXXPSDFNDJHG UHIULJHUDWHG VHD
EUHDP 6SDUXVDXUDWD ILOOHWVE\LUUDGLDWLRQPL
FURELRORJLFDO FKHPLFDO DQG VHQVRU\ DWWULEXWHV
)RRG0LFURELRORJ\±
>@ (UWDú2QPD]1$ED\6.DUDGDO)+L]OLVR\
+7HOOL 1 DQG$O 6  2FFXUHQFHDQG
DQWLPLFURELDO UHVLVWDQFH RI 6WDSK\ORFRFFXV DX
UHXVDQG6DOPRQHOODVSSLQUHWDLOILVKVDPSOHV
LQ 7XUNH\ 0DULQH 3ROOXWLRQ %XOOHWLQ   
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>@6DOHP$02VPDQ,0DQG6KHKDWD60
 $VVHVVPHQW RI 3V\FKURWURSKLF %DFWHULD
LQIUR]HQILVKZLWKVSHFLDOUHIHUHQFHWR3VHXGR
PRQDV6SHFLHV%HQKD9HWHULQDU\0HGLFDO-RXU
QDO  
>@$IROD\DQ2$0RUXI52DQG/DZDO$UH
$2  %DFWHULDOFRQWDPLQDWLRQDQGKHDY\
PHWDOUHVLGXHVÕQIUR]HQVKHOOILVKUHWDLOHGZLWKLQ
ODJRVPHWURSROLV1LJHULD6FLHQFH:RUOG-RXU
QDO  
>@%XVDQL/&LJOLDQR$7DLROL(&DOLJLXUL9
&KLDYDFFL/'L%HOOD&%DWWLVWL$'XWDQWÕ
$*LDQIUDQFHVFKÕ01DUGHOOD0&5LFFL
$ 5ROHVX 6 7DPED 0 0DUDEHOOL 5 DQG
&DSULROL $   3UHYDOHQFH RI 6DOPRQHOOD
HQWHULFD DQG /LVWHULD PRQRF\WRJHQHV FRQWDPL
QDWLRQLQIRRGVRIDQLPDORULJLQLQ,WDO\-RXUQDO
RI)RRG3URWHFWLRQ  
>@(OKDGL1  3UHYDOHQFHDQGDQWLPLFURELDO
UHVLVWDQFHRI6DOPRQHOODVSSLQUDZUHWDLOIUR]HQ
LPSRUWHGIUHVKZDWHUILVKWR(DVWHUQ3URYLQFHRI
6DXGL$UDELD$VLDQ3DFLILF-RXUQDORI7URSLFDO
%LRPHGLFLQH  





5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

(]JL$7HOOL 
)DFXOW\RI9HWHULQDU\0HGLFLQH 
'HSDUWPHQWRI)RRG+\JLHQHDQG7HFKQRORJ\ 
6HOFXN8QLYHUVLW\ 
.RQ\D±7XUNH\

HPDLO  H]JL\LOPD]#VHOFXNHGXWU









>@3DLmR)*$ULVLWLGHV/*$0XUDWH/6
9LODV%{DV*79LODV%RDV/$DQG6KLPR
NRPDNL0  'HWHFWLRQRI6DOPRQHOODVSS
6DOPRQHOOD(QWHULWLGLVDQG7\SKLPXULXPLQQDW
XUDOO\ LQIHFWHG EURLOHU FKLFNHQVE\ D PXOWLSOH[
3&5EDVHGDVVD\%UD]LOLDQ-RXUQDORI0LFUREL
RORJ\  
>@,&06)  ,QWHUQDWLRQDOFRPPLVVLRQRQPL
FURELRORJLFDOVSHFLILFDWLRQVIRUIRRGV0LFURRU
JDQLVPV LQ )RRGV6DPSOLQJ IRU 0LFURELRORJL
FDO$QDO\VLV3ULQFLSOHVDQG6FLHQWLILF$SSOLFD
WLRQV
>@2NRQNR , 2 2JXQMREL$$ )DMREL ($
2QRMD%$%DEDOROD(7DQG$GHGHML$2
 &RPSDUDWLYHVWXGLHVDQGPLFURELDOULVN
DVVHVVPHQWRIGLIIHUHQW5HDG\WR(DW 57( IUR
]HQ VHDIRRGV SURFHVVHG LQ ,MRUDRORSD /DJRV
6WDWH 1LJHULD$IULFDQ -RXUQDO RI %LRWHFKQRO
RJ\  
>@$EG(O+DG\+$$OL*,DQG<DVVLQ6$
 $VVHVVPHQWRIWKH%DFWHULDO4XDOLW\DQG
7R[LF+HDY\0HWDO5HVLGXHVRI)UR]HQ)LVK)LO
OHW ,Q .DIHUHOVKHLNK 0DUNHWV$OH[DQGULD -RXU
QDOIRU9HWHULQDU\6FLHQFHV  
>@9D]3LUHV 3 6HL[DV 3 0RWD 0 /DSD
*XLPDUDHV-3LFNRYD-/LQGR$DQG6LOYD
7   6HQVRU\ PLFURELRORJLFDO SK\VLFDO
DQGFKHPLFDOSURSHUWLHVRIFXWWOHILVK 6HSLDRI
ILFLQDOLV  DQG EURDGWDLO VKRUWILQ VTXLG ,OOH[
FRLQGHWLL VWRUHGLQLFH)RRG6FLHQFHDQG7HFK
QRORJ\±
>@%DIIRQH:3LDQHWWL$%UXVFROLQL)%DUELHUL
(DQG&LWWHULR%  2FFXUUHQFHDQGH[
SUHVVLRQRIYLUXOHQFHUHODWHGSURSHUWLHVRI9LE
ULRVSHFLHVLVRODWHGIURPZLGHO\FRQVXPHGVHD
IRRG SURGXFWV,QWHUQDWLRQDO -RXUQDO RI )RRG
0LFURELRORJ\  
>@$GHED\R7D\R%&2GX11$Q\DPHOH/
0,JZLORK1-31DQG2NRQNR,2  
0LFURELDOTXDOLW\RIIUR]HQILVKVROGLQ8\R0H
WURSROLV1DWXUHDQG6FLHQFH  
>@3DSDGRSRXORX & (FRQRPRX ( =DNDV *
6DODPRXUD&'RQWRURX&DQG$SRVWRORX-
 0LFURELRORJLFDODQGSDWKRJHQLFFRQWDP
LQDQWV RI VHDIRRG LQ *UHHFH -RXUQDO RI )RRG
4XDOLW\  
>@<DJRXE62  ,VRODWLRQRI(QWHUREDFWHUL
DFHDHDQG3VHXGRPRQDVVSSIURPUDZILVKVROG
LQILVKPDUNHWLQ.KDUWRXPVWDWH$IULFDQ-RXU
QDORI%DFWHULRORJ\5HVHDUFK  
>@1RRU8GGLQ*0/DUVHQ0+*XDUGDEDVVL
/DQG'DOVJDDUG$  %DFWHULDOIORUDDQG
DQWLPLFURELDOUHVLVWDQFHLQUDZIUR]HQFXOWXUHG
VHDIRRGLPSRUWHGWR'HQPDUN-RXUQDORI)RRG
3URWHFWLRQ  
>@$XHUVZDOG / 0RUUHQ & DQG /RSDWD$ /
 +LVWDPLQHOHYHOVLQVHYHQWHHQVSHFLHVRI
IUHVK DQG SURFHVVHG 6RXWK $IULFDQ VHDIRRG
)RRG&KHPLVWU\  
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0,1,1*)253$5$6325,172;,1*(1(6,1-25'$1,$1
BACILLUS THURINGIENSIS STRAINS

$OLD)6QRXSHU0RQWKHU76DGGHU/XPD$O%DQQD6DOHP$O6D\HT(NKODV$O0DMDOL
$KPDG$O6KLEO\7DZILT0$O$QWDU\ 



'HSDUWPHQWRI+RUWLFXOWXUHDQG&URS6FLHQFH6FKRRORI$JULFXOWXUH7KH8QLYHUVLW\RI-RUGDQ$PPDQ-RUGDQ

'HSDUWPHQWRI3ODQW3URWHFWLRQ6FKRRORI$JULFXOWXUH7KH8QLYHUVLW\RI-RUGDQ$PPDQ-RUGDQ

.LQJ+XVVHLQ0HGLFDO&LW\$PPDQ-RUGDQ

6LQLRUD)RRG,QGXVWULHV6DKDE-RUGDQ



$%675$&7

7KLV VWXG\ ZDV FRQGXFWHG WR GHWHFW WKH SUHV
HQFH RI SDUDVSRULQ JHQHV LQ QLQHW\ ORFDO -RUGDQLDQ
VWUDLQV RI Bacillus LVRODWHG IURP GLIIHUHQW KDELWDWV
)LYH VHW RI SULPHUV SDLUV ZHUH GHVLJQHG GHSHQGLQJ
RQFRQVHQVXVUHJLRQVUHYHDOHGE\PXOWLSOHVHTXHQFH
DOLJQPHQWIRUDYDLODEOHSDUDVSRULQW\SHVGHSRVLWHGLQ
1&%, *HQEDQN E\ XVLQJ GHGLFDWHG ELRLQIRUPDWLFV
VRIWZDUH(LJKWRXWRIHOHYHQFORQHVJDYHSRVLWLYHUH
VXOWV 7KHVH VHTXHQFHV ZHUH DQDO\]HG XVLQJ %ODVWQ
DQGW%ODVW[VHDUFKHVDJDLQVWVHTXHQFHVLQ1&%,GD
WDEDVHV7KH%ODVWQUHVXOWHGLQVLPLODULWLHVWRVHYHUDO
VWUDLQV RI Bacillus VSHFLHV ,Q DGGLWLRQ W%ODVW[ UH
VXOWHG LQ VLPLODULWLHV WR 3V DQG 3V SDUDVSRULQ
JHQHV UHFRUGHG IURP -DSDQ DQG 9LHWQDP 2XU GDWD
RSHQVWKHGRRUIRUIXUWKHUDQDO\VLVIRUWKHXWLOL]DWLRQ
RI SDUDVSRULQV LVRODWHG IURP ORFDO -RUGDQLDQ VWDLQV
IRUSRWHQWLDOPHGLFDODSSOLFDWLRQV



DJDLQVW ODU\QJHDO DQG DOYHRODU FDQFHUV :KLOH 0H
ORDQG.LWDGD>@UHSRUWHGDSDUDVSRULQF\WRWR[LFDF
WLYLW\DJDLQVW0&)EUHDVWFDQFHU
6L[ GLIIHUHQW W\SHV RI SDUDVSRUDO WR[LQV KDYH
EHHQFXUUHQWO\UHSRUWHG3DUDVSRULQSDUDVSRULQ,
SDUDVSRULQDQGSDUDVSRULQGHULYHGIURP%WVXE
VSHFLHV$%WVWUDLQ$%W$DQGVXE
VSHFLHV B. thuringiensis VHURYHU shandongiensis
VWUDLQ $ B. thuringiensis VHURYDU tohokuensis
VWUDLQ$DQG3DUDVSRULQZDVLVRODWHGIURPB.
thuringiensis VWUDLQ 0 UHVSHFWLYHO\ >
@'HSHQGLQJRQWKHF\WRWR[LFLW\RIWKHVHVL[
W\SHVRISDUDVSRULQVDJDLQVWWXPRUFHOOVWKH\FRXOG
EHXVHGIRUSURGXFLQJDQWLWXPRUWR[LQGUXJVDQGIRU
RWKHUFOLQLFDODQGPHGLFDOSXUSRVHV
,Q-RUGDQVHYHUDOVWXGLHVKDYHEHHQFRQGXFWHG
WRGHWHUPLQHWKHLQVHFWLFLGDODQGQHPDWRFLGDODFWLYL
WLHVRIWKHORFDO%WVWUDLQV>@DQGHYHQDQWLPL
FURELDODFWLYLWLHV>@
0RUHRYHULQYHVWLJDWLRQVZHUHSHUIRUPHGWRDV
VHVVWKHPROHFXODUGLYHUVLW\DPRQJVHYHQORFDO-RU
GDQLDQ FROOHFWLRQV RI %W LVRODWHV 5$3' UDQGRP
DPSOLILHGSRO\PRUSKLF'1$ DQDO\VLVVXJJHVWVWKDW
WKHVH %WV KDYH JHQHUDOO\ D KHWHURJHQHRXV JHQHWLF
EDFNJURXQGSUREDEO\WKURXJKQDWXUDOSODVPLG'1$
H[FKDQJH >@ 6LPLODUO\ 2EHLGDW >@ FRQILUPHG
WKHKLJKKHWHURJHQHRXVJHQHWLFEDFNJURXQGRIOR
FDO -RUGDQLDQ VWUDLQV UHSUHVHQWLQJ  VHURYHUV 7KH
XVHRIWKHVHVWUDLQVWRLVRODWHWKHSDUDVSRULQWR[LQVWR
EHXVHGWRNLOOFHUWDLQFDQFHUFHOOOLQHVUHTXLUHVWKH
GHWHFWLRQ RI SDUDVSRULQ JHQHV 7KLV VWXG\ DLPHG WR
GHWHFWSDUDVSRULQJHQHVLQ-RUGDQLDQORFDOVWUDLQV
RI%W


0$7(5,$/6$1'0(7+2'6

%DFWHULDO VWUDLQV $ WRWDO RI  VWUDLQV RI %
WKXULQJLHQVLVSUHYLRXVO\LVRODWHGIURP-RUGDQLDQ
KDELWDWV>@ZHUHXVHGLQWKLVVWXG\LQDGGL
WLRQ WR UHIHUHQFHV VWUDLQV 7DEOH  7KH *HQRPLF
'1$RIWKHVHVWUDLQVZHUHSUHYLRXVO\LVRODWHG


.(<:25'6
Bacillus thuringiensis -RUGDQLDQ VWUDLQV 3DUDVSRULQ
%ODVWQW%ODVW[



,1752'8&7,21
Bacillus thuringiensis %W DVRLOEDFWHULXPLV
DQ LPSRUWDQW ELRORJLFDO DJHQW DJDLQVW KXPDQ DQG
SODQWSDUDVLWHV>@7KLVEDFWHULXPLVRIJUHDWLQGXV
WULDOLQWHUHVWVLQFHLWSURGXFHVį±HQGRFU\VWDOWR[LQV
GXULQJ VSRUXODWLRQ>@ 7KHVH FU\VWDO WR[LQVZLWK
YDULRXVIRUPVDUHKLJKO\WR[LFWRDQXPEHURIQHP
DWRGHVDQGLQVHFWODUYDHEHORQJLQJWRWKHRUGHUV/HS
LGRSWHUD 'LSWHUD DQG &ROHRSWHUD >@ 7KH
WR[LQJHQHVDUHORFDWHGRQODUJHVHOIWUDQVPLVVLEOHRU
PRELOL]DEOHSODVPLGVDQGDUHDUUDQJHGLQFOXVWHUVRU
LQRSHURQVIODQNHGE\LQVHUWLRQVHTXHQFHV>@
$ QRYHO FODVV RI į± HQGR WR[LQV RI B. thuringiensis KDV EHHQ UHFRJQL]HG DQG FDOOHG SDUDVSRULQ
7KH SDUDVSRULQ GHILQHG DV WKH EDFWHULDO
SDUDVSRUDOSURWHLQ WKDW LV FDSDEOH RI GLVFULPLQDWHO\
NLOOLQJFDQFHUFHOOVVXFKDV 02/7+H3*DQG
+HOD FHOOV>@$EHUNDQHHWDO>@UH
SRUWHG DQ HIILFLHQW F\WRWR[LFLW\ RI SDUDVSRULQV
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
'LVWULEXWLRQRIORFDO%WVWUDLQVLQGLIIHUHQWKDELWDWVRI-RUGDQDORQJZLWKODEFRGHV
/DEFRGH
6WUDLQ 
+DELWDW
/RFDWLRQ

- B. t. israelensis
2OLYHFXOWLYDWHG
4XZD\OEDK

- B. t. kurstaki
+XEUDV
6RLO

- B. t. kurstaki
'D\U$EX6D¶LG
6DPD

- B. t. thuringiensis

- QRQVHURW\SDEOH
9DOOH\6RLO
-RUGDQ9DOOH\

- B. t. jordanica

- B. t. israelensis
+XEUDV
2OLYHE\SURGXFWV

- B. t. kurstaki

- QRWVHURW\SHG

- B. t. pakistani
6DPDU


- B. t. malaysiensis

- B. t. kurstaki
+DUWKDK

- B. t. kumamotoensis

- B. t. kenyae

- B. t. sooncheon

- B. t. israelensis

- B. t. israelensis


- B. t. israelensis


*UDLQGXVWV

- B. t. kurstaki
0DOW
.KXUD\EDK

- B. t. israelensis
&KLFNSHD
-HUDVK

- B. t. israelensis

- B. t. kurstaki

- B. t. kenyae

- B. t. pakistani

-HUDVK

- B. t. israelensis
:KHDW


-1 QRQVHURW\SDEOH
,UELG

- B. t. kurstaki
:KHDWE\SURGXFW

- B. t. kurstaki


- B. t. israelensis


- B. t. israelensis


- QRWVHURW\SHG
/HQWLOV
0DIUDT

- B. t. entomocidus
-RUGDQ8QLYHUVLW\



3ODQW

- B. t. morrisoni
7RPDWR
+XEUDV

- B. t. pakistani
$PPDQ
$O6KXQHK

- DXWRDJJOXWLQDWHG

/DEFRGH



















7$%/(FRQWLQXHG
+DELWDW

6WUDLQ 

- B. t. morrisoni
- B. t. pakistani
- B. t. kurstaki
- QRQVHURW\SDEOH
-1 B. t. kenyae
- B. t. kurstaki
- B. t. israelensis
- B. t. israelensis
- B. t. malaysiensis
- B. t. israelensis
- B. t. thuringiensis

- B. t. kurstaki
- B. t. kurstaki
- B. t. kurstaki
- B. t. kurstaki

/RFDWLRQ
$QLPDOPDQXUH
'RQNH\
+XEUDV
6KHHS
$U5DPWKD

&KLFNHQ


6DKDP

.KXUD\EDK
*KDZU
'HFRPSRVHGDQLPDO
&RZ
+XEUDV
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- B. t. kenyae
- B. t. israelensis
- QRWVHURW\SHG
- B. t. higo
- B. t. kurstaki
- B. t. kumamotoensis
- B. t. malaysiensis
- B. t. aizawai
- B. t. kenyae
- B. t. kurstaki
- B. t. israelensis
- B. t. israelensis
- B. t. israelensis
- B. t. israelensis
- B. t. kurstaki
- B. t. kurstaki
- B. t. israelensis
- B. t. israelensis
- B. t. kenyae
- B. t. kenyae
- B. t. israelensis
- QRQVHURW\SDEOH
- B. t. kurstaki
- B. t. tohokuensis
- B. t. israelensis
- B. t. israelensis
- B. t. israelensis
- B. t. pakistani
- B. t. kurstaki
- B. t. israelensis
- B. t. israelensis



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

6KHHS

+DWLP

%HHZD[
&DUVWDWLRQ
6ODXJKWHUKRXVHV

$MOXQ
+XEUDV
,UELG

:DVWHFROOHFWLRQSRQG

$U5DPWKD

:DVWHZDWHUWUHDWPHQW

)R¶DUD

'DPVHGLPHQW

$O.KLUEDK$O6DPUD
.LQJ7DODO'DP

:DWHU
,QGXVWULDOE\SURGXFWV

-RUGDQ9DOOH\
$U5DPWKD


7$%/(FRQWLQXHG

/DEFRGH










6WUDLQ 

+DELWDW

7 B. t. darmstadiensis
7 B. t. thuringiensis
7 B. t. morrisoni
7$ B. t. kurstaki +'
7% B. t. kenyae
7 B. t. israelensis
7$ B. t. kurstaki
7 B. t. aizawai
7 B. t. tolworthi

/RFDWLRQ

5HIHUHQFH6WUDLQV





 1DPH
 )
5
 )
5
 )
5
 )
5
 )
5

7$%/(
3ULPHUVXVHGLQWKLVVWXG\
6HTXHQFH  WR
/HQJWK
7P R&
*7$7*&*$$$7$&7&7$7*&
ES

**7$77&&$$77$&$**7*&
ES
&7&&7*$*$&7$$&$7*$*&
ES

$7&77*$&77*77$7$&&*&
ES
&77&$&*$7$77*$$$77*&
ES

7&7*&7**$$777*&$$7*&
ES
$7**&*$77$7$$$7&77*&
ES

&7$&7*$$*$*$7$&&$&$**
ES
$7*7$77$7$&7$&&&$$*
ES

77$7$$7&&$$77*777*77*
ES

3DUDVSRULQW\SH 
3V

3V

3V

3V

3V


 7KH SDUDVSRULQ VHTXHQFHV DFFHVVLRQ QXPEHU DUH  $% $%  $%  $% 
$%$%$%$%DQG$% 
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3DUDVSRULQ SULPHUV GHVLJQ 1LQH QXFOHRWLGH
VHTXHQFHVRISDUDVSRULQVGHSRVLWHGLQWKH*HQEDQN
GDWDEDVHV>@ZHUHDOLJQHGE\XVLQJ$OLJQ[LQ9HF
WRU17,([SORUHUSURJUDP ,QYLWURJHQ86$ 6HYHQ
W\SHVRISDUDVSRULQVRXWRIQLQHVKRZHGVWURQJVLP
LODULWLHVZLWKHDFKRWKHUWKH\ZHUH$%
$% $% $% 
$% $% DQG $%
+RZHYHU WKH VHTXHQFHV $% DQG 
$%GLGQRWVKRZDQ\VLPLODULWLHV7KXVEDVHG
RQWKHDFKLHYHGDOLJQPHQWVILYHSULPHUSDLUVZHUH
GHVLJQHG 7DEOH  7KH VHTXHQFHV RI WKHVH SULPHUV
ZHUHVHQWWRDQROLJRFRPSDQ\IRUV\QWKHVL]LQJSXU
SRVHV 7KH 0LGODQG &HUWLILHG 5HDJHQW &RPSDQ\
,1& 

$PSOLILFDWLRQRISXWDWLYHSDUDVSRULQJHQHV
3&5UHDFWLRQVZHUHFDUULHGRXWLQPOWXEHVFRQ
WDLQLQJ [ UHDFWLRQ EXIIHU 1(% 86$  PROH RI
ERWKSULPHUSDLUV IRUZDUGDQGUHYHUVH DQGORI
WKH WHPSODWH '1$  QJO  RI YDULRXV VWUDLQV LQ
VHSDUDWHUHDFWLRQV$OOUHDFWLRQVZHUHUHSHDWHGILYH
WLPHVDVSUHYLRXVO\UHSRUWHGEDVHGRQWKHFRPELQD
WLRQVRIWKHGHVLJQHGSULPHUV$OOUHDFWLRQVZHUHSHU
IRUPHG XVLQJ JUDGLHQW 0DVWHUF\FOHU (SSHQGURI
*HUPDQ\  WKH IROORZLQJ SURJUDP DV DSSOLHG ZLWK
WKUHH GLIIHUHQW DQQHDOLQJ WHPSHUDWXUHV & IRU
ௗPLQF\FOHVRI&IRUௗVHF R&R&
RUR& IRUௗVHFDQG&IRUௗVHFDQGDILQDO
VWHSRI&IRUௗPLQ$PSOLILHG'1$IUDJPHQWV
ZHUH DQDO\]HG E\ JHO HOHFWURSKRUHVLV %DQGV ZLWK
VL]HV FRUUHODWHG WR WKH HVWLPDWHG VL]HV RI WKH
SDUDVSRULQJHQHIUDJPHQWVZHUHVHOHFWHG7KHVL]HV
RI WKH SDUDVSRULQ JHQH IUDJPHQWV XVLQJ WKH SULPHU
FRPELQDWLRQV ZHUH HVWLPDWHG E\ XVLQJ YHFWRU 17,
SURJUDP

*HO HOHFWURSKRUHVLV'1$ RI 3&5 IUDJPHQWV
JHQRPLF'1$DQGFORQLQJYHFWRUZHUHDQDO\]HGE\
JHOHOHFWURSKRUHVLVLQDJDURVH $SSOL&KHP E\
ORDGLQJWKHVDPSOHVPL[HGZLWKORDGLQJG\H%URPR
SKHQROEOXH*HOVZHUHUXQIRUPLQDW9LQ[
7$(EXIIHU P07ULV±$FHWDWHP0('7$S+
 VWDLQHGZLWKHWKLGLXPEURPLGH JPO IRU
PLQDQGGLVWDLQHGLQWDSZDWHUIRUPLQ$+L/R
'1$ ODGGHU PDUNHU 0LQQHVRWD 0ROHFXODU ,QF
86$ ZDVXVHGWRHVWLPDWHWKHDSSUR[LPDWHPROHF
XODUZHLJKWVRIWKHDPSOLILHGSURGXFWVDQGWRDVVHVV
EDQGYDULDWLRQVDPRQJWKHWHVWHGDPSOLFRQV*HQHU
DWHGEDQGVZHUHVFUHHQHGDQGGLJLWDOO\SKRWRJUDSKHG
XQGHU 89 OLJKW $OSKDLPDJHU70 $OSKD
,QQRWHFK86$ 2QO\EULJKWDQGUHSURGXFLEOHEDQGV
ZHUHFRQVLGHUHGIRUWKHDQDO\VLV

&ORQLQJ RI WKH SXWDWLYH SDUDVSRULQ JHQH
IUDJPHQWV7KHSXWDWLYHSDUDVSRULQIUDJPHQWVDP
SOLFRQVZHUHFORQHGLQD'+ĮVWUDLQRIE. coliWREH
VHQWIRUIXUWKHUVHTXHQFLQJ7KHFORQLQJSURFHVVZDV
SHUIRUPHGE\WKHVHTXHQWLDOVWHSVRISUHSDULQJFRP



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

SHWHQWFHOOVYHFWRUGLJHVWLRQYHFWRUOLJDWLRQWUDQV
IRUPDWLRQSODWLQJFRORQLHVFRORQ\VHOHFWLRQFRQILU
PDWLRQE\3&5DQGSODVPLGSXULILFDWLRQ%DVHGRQ
WKH 3&5 UHVXOWV FORQHVZLWKWKH FRUUHFW LQVHUW VL]H
ZHUHVHOHFWHGIRUPLQLSUHSNLWSUHSDUDWLRQDQGWKHQ
ZHUHVHQWIRU6DQJHUVHTXHQFLQJ 'DYLV6HTXHQFLQJ
86$ 7KHREWDLQHGVHTXHQFHVZHUHDQDO\]HGXVLQJ
%ODVWQ DQG W%ODVW[ VHDUFKHV DJDLQVW VHTXHQFHV LQ
1&%,GDWDEDVHV


5(68/76
$PSOLILFDWLRQRISXWDWLYHSDUDVSRULQJHQHV
7KH UHVXOWV RI 3&5 UHDFWLRQV XVLQJ WKH GLIIHUHQW
SULPH VHWV RI DOO EDFWHULDO VWUDLQV ZHUH GHWHFWHG RQ
JHOV )RXU SULPHU VHWV ) 5 ) 5 )
5)5VXFFHHGHGLQDPSOLI\LQJWKH'1$RI
VRPHEDFWHULDOLVRODWHV+RZHYHUWKHDPSOLILFDWLRQ
EDQGVYDULHGLQVL]HV7KHSULPHUVHW)5GLG
QRWDPSOLI\'1$IURPDQ\RIWKHWHVWHGEDFWHULDO
VWUDLQV 2QO\ EULJKW VWURQJ VLPLODU EDQGV VL]H WR
SDUDVSRULQJHQHVZHUHVHOHFWHGIRUIXUWKHUDQDO\VHV

'HWHUPLQDWLRQ RI EDQGV ZLWK VLPLODU VL]HV
$IWHUVFUHHQLQJRIWKHILYHSULPHUVHWVZLWKORFDO
VWUDLQVWKRVHVWUDLQVWKDWKDYH3&5EDQGVZLWKVLP
LODUVL]HVWRSDUDVSRULQJHQHV7DEOHZHUHVHOHFWHG
IRU DQRWKHU 3&5 UHDFWLRQV )LJXUH  8QLTXH EDQGV
ZHUH JHO LVRODWHG )LJXUH  DQG ZHUH VXFFHVVIXOO\
FORQHG DV GHVFULEHG HDUOLHU3ODVPLGV LVRODWHG ZLWK
PLQLSUHS ZHUH IXUWKHU VXEMHFWHG WR 3&5 XVLQJ 7
DQG7S

6HTXHQFLQJ (LJKW RXW RI HOHYHQ '1$ VH
TXHQFHVJDYHSRVLWLYHUHVXOWV6HTXHQFHOHQJWKYDU
LHG IURP  ES WR  ES 7DEOH  $QDO\VLV RI
WKHVHHLJKW'1$VHTXHQFHVUHYHDOHGWKDWWKH\PD\
HQFRGHSDUDVSRULQJHQHV

6HTXHQFHDQDO\VLV6LPLODULWLHVZHUHGHWHFWHG
IROORZLQJWKH1&%,EODVWQDQGWEODVW[ZLWKWKHGD
WDEDVHVIRXQGLQ*HQEDQN7KHVHTXHQFHVLPLODULWLHV
DQGGHWDLOVRIHDFK'1$FORQHDUHVKRZQLQ7DEOH
DQG7DEOH6HTXHQFHFRPSDULVRQ 1&%,EODVWQ UH
YHDOHGVLJQLILFDQWPDWFKHVEHWZHHQVRPHTXHU\VH
TXHQFHVDQGRWKHUVHTXHQFHVGHSRVLWHGLQ*HQ%DQN
7DEOH  )RU H[DPSOH VWUDLQ - B.t. kenyae 
VKRZHGVWURQJVLPLODULWLHVZLWKB. cereusB. thuringiensisVHURYDUkonkukianDQG B. anthracisZLWK
(YDOXH6LPLODUO\VWUDLQQXPEHU- B.t. kurstaki 
VKRZHGVLJQLILFDQWVLPLODULW\ZLWK%OLFKHQLIRUPLV
B. subtilisB. amyloliquefaciensDQGB. subtilisZLWK
(9DOXH UDQJHG IURP   WR H  6HTXHQFH
DQDO\VLVRIILYH'1$VWUDLQQXPEHU-VWUDLQQXP
EHU-VWUDLQQXPEHU- ES VWUDLQQXPEHU
-DQGVWUDLQQXPEHU-1LQGLFDWHGWKDWWKH\PD\
HQFRGH JHQH SURGXFWV RI YDULRXV IXQFWLRQV 6WUDLQ
QXPEHU- ES VWUDLQQXPEHU-VWUDLQ
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
(VWLPDWLRQWKHVL]HRISDUDVSRULQ
1DPHRI
6WUDLQ1XPEHU
6LPLODUWR
/LWWOHODUJHU
SDUDVSRULQ
SDUDVSRULQ

([
SHFWHG
6L]H


 $%$//
E
ES $% 

1REDQGV
ES $%   
ES $%02' 

1RQH
ES $%PRG


'LIIHUHQW







7$%/(
$PSOLFRQVVHTXHQFHVUHVXOWHGLQWKLVVWXG\



1DPHV
6WUDLQ-  /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG



3&5SURJUDP$%VFULEWSURJUDP
!0767
&WFFWJDJDFWDDFDWJDJFWFWWDJWWWWDFWDFWFWDDDDFDFDDWWJJWDFJJDFFDDWDDWWJDJDWFDFWWDFFJDWWDDDJWWWWDFFWWDWDFWDDWWFWFJWW
JWWWFJWWWFWWJFFFDDJWDWDDWWDFDJFDDDWDFJFFWDWWDDDDWWJDWFFDFDJDDDDWFJWDDDWDWWDJWJDWDJWJDDJFFWJWDDDJFDDFWDDDWDWFFWDFWDD
WDJWJJWFFDDJDDWDFFDFFDDWDFJDFFJDDWJFWJFFJFFDWFFFWJFDFFWJWDFFDFJDDWDDFWJWWJJJWDWWJWWFDJJWJWDWDDJFDWD
WDDWJFDFFFFDDJFDFFWDDDWWDDDJDDWJDWDJWDDFDWJFFWJFWDFJDWWDDWDFWJWWDDWJDFWFWJFWDFWFFDDDWDDJWDDJFDFWJFDDJFWJWDFFDDWWD
DDWDFJWDDFWDDDDFDDDFWWDFJDFFDDJDFJWWFDDWDDDFFDDJFDJFWJWJDDDWDDFFWJJFDDWWJDJFWDDFJWFDWDDWDDJWDF
JWDWWJJDDDFWWWWWDWWDDDFWDDDWFFWWWWDDWDFFDWWDFDFWDJJWDDFFDDDJJDDFDWJFFDWDDWDJJDJDDWDFDDFDJDDDDFFDWDDDDWFFDWDDFDWDDWW
JWWJFFWWDFJDWDWWFFFFDJDFFDDDFWJDFWWWDWDWWWWFJDWDDFJJDWJJFFWWWWWWFDDFFWWWWJJDDWFWWJJDJDDWFWJJWDDDWWFFDWFWWDDDWDWDDD
JFDWDWDJFJFFJJDDFFJFDFWFDDWDWFDWFJFDDFWWFFFDDFFDWDWWJFJJWDWDDFDDJWFDDJDWDFDWFJJDJFFJFDFJDWFJFFWWFFDFJWJFFFDJFWJ
DDWJJFJDDWJJDDFJFJFFWJWDFJFJFDWDJFFJJFJJJWJJWJWDFJFJFDJFWJDFJFWDDFWJFDJJFFWDJJFFJWFWJFWFWFFWFWWFJ
FDJJWJFJJFWFJWFDJJFWDDWFJWWFWDDJWFJDWWDJJFFWDJDFWJDFFDDDDDFWJDDWDJJJJJWDJJWWFFDJDWWJJDFDFWFFWWWWJF
6WUDLQ-  /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

!0767
7FWWJDFWWJWWDWDFFJFJFDDDJFJJDJWJJFFWWFWWFDJDWFDJWJWFJWDWDDJWFDDDWJWFWFDFFFJWFDFDDDWFFWWWDJDDJFFDDWJWFWJFWJFDF
JJDFDWWFWWJFFDJFWFFWWFDWJWWJWWJWFFWJJFWFDDDWJDJJWDDDWDFJDJDFJWFWFDWFJFFDDWJDFDWFFJWFDWFJFFDDJJFDJFDWFWWFDWWW
JDDDFJWJFFFJDFJWFDFWWDDDDWFFJFFJFWWDDWJFWFFDWJJJWDWFWWFFFDWWWJFDJFDW
DFFJDFDWFJWJDWWJFWWWFDDDFDFDDDFDFDWWFJFWJDDFJJDWDDWJFFWWWFDWWFJJWFJFWJDFDWDWFFFJWDWFWJWFDWWDDF
JFJDJFWWWFJJFFJWWDWDDWJJDDFDFDWDDDDFDWFJJWWFFJFFJFDWFJWJJJDJDFJFFDDDFJDWWFDDFDWFDDJWFFJFFJDDFJDFWWFDF
FJWFWFFDWFJJDDDWDFDDDFWWWWJDWFJJWJW





FDDWWWWJFFJDWWWJDWWFWFFDWWJFWFWFFDDJWFWWFWFDWWFJFDWDJDWFJJDDJFWWJWDFWWWFWJJFJDFJDFDFFDDJJFFFWWDDWDWJJWFDF
WDWJFWFDWJFJWFDFDDDDDWJFFJWFWDFDWFDWFFDJFWWDFJFFFJDWFWJFJFFDWFDJFFFDWFFDWJJFWWWWFFJFWFDDDFFJJFJWFFDF
WDDDDDWJFJWJDWFFWFWJWWWFJDJJWDDDDFJFDWWWFFFJWDFWFFFJFWFJFDDJWDFJFWDDDWWJFDDJFWFDWJWWDJWFWFWDJDJFJFFWWFFDFDJWJFJ
FDJFWJDWJJFJDWJJDFJFJFFWJWDFJJFJFDWDJFFJJFJJWJWJWJWDFJFJFDJFJWJDFJFWDFDFWW
JFDJFFFWDJJFFJFWFWJFWWFWFFWFDWWFFJFDJWJFFJDFWFJWFDJFWDWFJJWWFWWDDJWFFJDDWDWJFWWDJDFFFWJDFFDDFWJD
WDJJJWJDJWWWFDDWDJJJDFDFFFWFWJD
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6WUDLQ- ES   /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

!0767WFWWJDFWWJWWDWDFFJFWWDFFWWWDDWDWDWJJWWJWFFDFWWJFFWWDJJDJ
FDWWFJFWWWDFFJDWDDDJFFWJFWDDDJFDDJJDWWJWWDDDDFDWDFJJWDDJDWWWJWDDDWDDDFJJFWJ
JDDFDWWWWFJDWJDDDJJDDWWWJJWWFFFFJFDDWDFWWDDWJWWWJWJFFDDDFFJDDJDDWDJJJFWJFDFFWDJFJFDFFDDWW
JJDWJFFDWWWFFFJDDDDWFDWJJFDJFJDWFJFFDWJDDJFFWWJDFFDJFDDWWJWWJFDWJWJDJDDJWFDWJWJWDDWWJWWWJWJFDWDJDFDJ
FDFFDFFDDJWFFDFFWDJDJFFFFDJDDDWFDFDDFDJFDDWDWDDFJFDWWWWDWWJDFJWWDDWFFFFDWWJWDWFWJFWJFFDWWJJJWJFWFDFFWDFDJFJFJD
DJJFJWDDJFFDDDWJJDJWWWWDWDDDWDDWDDDFFDDJFDFFDDDWJFWDFFDFDDDFJFFDJDDWDJDFJWDFWJWDDDFDWFDWJJDDFDDWDDDFJDFFDDD
JDDWJJJDWJWFFWFWDDDWDDJJDDWWFFDDDDFJJFJDDWFJJWWJJWFDDWFDWDWFWJWWWJDFFWWWDWFDWDDDWFDWWWWWDFWDDJDDWDFDJWDJFDJFWJDDF
FWDJWDDJWWDDWDJFWDFFFFWJDWDFFJWWWJDWFDJFWFJJDDJJDDDWDJDDJFDDFJJFDWJJDDDDJWJDJDDDDWFJFDFFDDWWDFDD
WDJFFJFWDJFDWWJFWDFFFDDDFDJWWJFFJFDFFWDDWJDWJDDJFDDDWWFWDDDWWDDWDDDWDWDFFDDFDDDDJFDFFDDFDDWFDWWDDJFFFWFWDJ
FFFJDWJWWJDFDFDFFDJDJFJWWFDJDJDDWDFFFFDFFJDWJJFWJWDDDDWFDDDJJWJWWJFDWDDDJDDWFJFWJDDFJJDWJDWJDDD
WDWDDFDWWWFWDDDDJFWFDWJWDJWFWFDJDJJJFWJFDJDWFJDWDWFDJFWDWFJDWDFJWFJDFFWFJDJJJJJJFFDJWDFFDWFJFJWFJWWWDFDF
JWFDWJDFWJJDDDJWFFWDFJWDFFDFWDWFJFFWJFDJFDWFFFWFJFFDJFWJFJWDWDJFJDDDJFFJFWDFJDWJJFFWFFDFDWJFFDFFWJWDWJFDWJDF
JFJWDJJFFWDDWFJJDJJJJWJWWDFFJJJWDJFFFDJWWJDDJFFFWWDJFJFFFFWFJF




6WUDLQ- ES   /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

!0767
*DFWWJWWDWDFFJFJWDFWWWWJDDDFWWWDWFJWDDWFJDWWWFWJJJDDDDWWDDWWJFWFWWWDDFDFFWDJDJWJWDJWWDFFJFJDFFDWFJDDWJFWWWWWWD
JDDDFDFJDDJWFDFJWDFDFJDJJDDJWJDDDWWJDJDWWDDWWWJWFFDDJDDWWFDWDFDWDFJFWFDFFJFJWDDWJWDDFWWWDJFDFFJDWDJJFDWDFFWWFDF
JWDDDFJJDDDFFWJFJDWFJDWWWWWWFJFWWWDJWWDFDDFWJJWWWWWJDFFDJWJDWDDWWJWWDDWWFWWFWDFDJFWJFDWFWDDWJFWWWDJDJ
WWWWJDDFDJFDWFDFFDDFWJWWJDWDDFJDWWWWWWFDDFWWWFJJFDDWWJFDWDDFWJDWWWDWDWFFDDDWWWJFWFDWDDJDJFDJ
JDJDDDFWWFDWWWDDDWDWWWWWFWWWWDJJFJJFWFDWJWWDJWFWFDJJDJDFFFFJFDJFJWJDFFJFDFJWFWWFDDFWJJDFDFDFWFDFFWDWFWFJJWFDWFWWWJ
DWWDWDJJDWWWJFJDWWFJFWDWJJWDDDDWJDFWJDFWDDFDDWWDDFJFJDFWWDFDDDDDWWDJFFWFDDWDJWJDFWWWFJJJDDJWJJFJDFFDWW
JWDWWWFWWDDDFWWWDWWJWJFFWJJFDDFWJDDJFFWDDDFWJDDJDDJDJDJDDWWFDWFJJJWJJFJJDWDFFFFWWWWJDWWWFJWJ



6WUDLQ-  /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

!0767
7JJFJDWWDWDDDWFWWJFJJJDWDDDWDWDFJWFWFWJFWJJWJFFJWDDDDWFDWDDDDDFJWFJWWFDFJFDWDWFWWFDFFDWJFFFJDWDF
FDDFDDFDDWJJDWJJWDDDDWDFFFJWWWWWJJFJFDWWDFJDFWWWJFDDWFJDDFWJFWWFFWWDDWDDJDJDDDDDWDDJDDJDDFFDWFFDDWDFDWDJDWJDFFJ
JDDDJFFWWFFJWWJJFJFWWFFWFDWWWJJWDFDWDDDFJWWDDWFFFDWDFJWDWDJWFWJFFDDWWWWJDDJWFDWWWJFWJWJWWJDJWDDWFWDWWWFWJWWJJDW
WFDWWWJWWWWFFWFFWWFDDWDWJWFDWDJFFDWDJFDWDFDJJWJWDWWJJWWJFWJJDWFWWFFDWDDWDFJWJFDWFDDWJWWDDD
JDFWWJDFJFDWFDFFWFWJFJFWWDDJDWWWFFWJWJJWDWFWFWWFDJWDJFDWDJWJDFWFWWJWFDDDFWJDFDFDFWFDF
FWDWFWFJWFWDWFWWWJDWWDWDJDWWWJFJDWFJFWDWJWDJDDWJDFWJDWDFDDDWDFJFJDW
WDFDDDDFWDJFWWFDWDDJWJDFWWWFJDWWJFFJJDFDWJWFWDWWFDDFWFDDWJWDFFFWJDFDWFFJWDJWFWJDDWWJDJJDJDWDWWFDJWFJWJJFFDWFDFWWW
JFDDJDJ
6WUDLQ-  /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

!0767WDWWFFDDWWDFDJJWJFDDWFDFFDWWDWWFFDFWFDDFWWFJFDJFFJDJDWJWJ
WDFDDJWWJWDWFJDFDDWDWJWDDWWWWFFWWFJWWJWFWWWDWDDJFDFFWJFWFJWWWFFFJWWDDFDWJWDFJDFDJDWFFWWFDF
FDDFWWFJDJDWFWWFWJFJWDDWJFJJWWWFDDWFWWWFFWWFDDWWDDDWJWWWFJFDDFDWFDDWJWWWWJJJDJDJJDDFJWWWWWD
WDWFWJJDWWWJFDWJDDDJFJWJDDJJWJFDWDJDJWDWWWFJWWDFWWDFDWWWWFDWFDDWDWJWDWFJFWFDWJDDDFDDWDF
FWJDWFDWJFWWFDWDWWJDDJDDJDWWJDDDWWFDFDWWFJWJWFFWDWFWWWWJJFDWWJFFWWFDWWWJJFDFDDFWJJJDJ
WDDDJWFWDDDFWWWJWFFDJWWWDFDDFJDWFFFFJJWDWFWJDJWWWJFJDDJWFFWDWWJJDDFWWDDDF
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6WUDLQ- ES   /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

!0767
*DFFWWDDWDDWFFFJWDJJWFJJFJWFFJFWFWDFFWFWWWFJFFFFFDWWDJJJWWFDJDFWWDFWJFWWWDFJJFDFFFWDDDFFFFDDDDDFWWJDWWWW
JJWWDDJJWWWDFDWDFWJDJWDWWFWFFDWJDWDWDWDJWWFWWFJFFFWWWFWFWWJFDWWFDDFJFFFWWWWWFFWWJJDFWFFJFFDWWFFDFWFF
6WUDLQ-1  /DEFRGH0767
3ULPHUSDLU3DU)DQG3DU5
7HPSODWH'1$
9HFWRUEDFNERQHFOHDQHG
3&5SURJUDP$%VFULEWSURJUDP

0767
7JJFJDWWDWDDDWFWWJFWFDFJDWWDJDDDWDWJDJDWWFFWFWWJDWWWDFDDJDFWWDDFDDFJWDWFFJWWJFDWDWJJWWFDFFWWWDFJJFFFDWDJFDJDWD
FDDFDJWDDFWDFWWWDWDDFFFJFDWFWDJFJDWWWWWWWDWDWJDWJDDJFJFDWJFWWDFJWFFDWWWWFDWFDFJWDFDJDWJWDFFDFFDDDWWWWWJDDFDD
WDDWWWWFDWDWWWWJFDFFWWFWFWWDJFFJFWWDFDFWDDWWJWDDWWWWDFWDDJFJFWFWJFDDWWWJDDFDJDDWWFFDWJFWJFJFFWWWWDDWDDJWWDWFDJD
WDFJDDJDWJJDDWFFWWWDWFJWWDWWWDDDWFWWWDFJDDWWFWWFFFDFJDDWDFWWFJWWWWWDFFWDFWJFDJWDJFWJJFDWWJJDWDWDJFWJFWFWWFWJJDWWDWFWWJW
DJDDFJDWDFFWWFFJFDWWWJFDDJWDDJFWFWWWDDWWFWWFWDFWJWWDFJFFWWFWWWWWFWDFWWFDDWJWDDDFDJDFWFDJDJWJDFFWJDWDFDDFWJJWDDDF
JWDFDFDWJWWJFFJFWDFWWFWDDWWFDJJFDWDWJFDWDDWWWWWWWFJWWWFDWWDDWFDWWWWFDWWWFWWFDDDFJWDDDWFFDWWDWFWWJJDDFWWDWFDDFFWJWJJ
WDWFWFWWFDJWDJDFFFDWJDJFJFFWDJFJFWJFWFWWFJFWWFWFFDWFDWWFWFJFDF
JWFJFFJFWWFFFJWFDJFWFWDDWFJJJJFWFFWDDJWFJDWWDWJFWWDFJFDFFFJDFFDDDFWJDWDJJJJWJWFJWDWJJFDFJFFWJDDDFJJWWWJFFWJDF
JWJJDWFFJWWWWWDDJJDFWWJWFDDFJDDFFWDDFDWFFJDWFWWWJDWWDDJJDWWJFDDWWJFFFWWJWJW


),*85(
$JDURVHJHORI3&5UHDFWLRQVXVLQJSULPHUVHWVRIEDFWHULDOVWUDLQVKDYLQJVLPLODU3&5EDQGVL]HVWR
SDUDVSRULQJHQHV
/DQHUHSUHVHQWWKH3&5XVLQJSULPHUVHW)5WKHEDFWHULDOVWUDLQVQXPEHU ES ODQHVUHSUHVHQWWKH3&5
XVLQJSULPHUVHW)5WKHEDFWHULDOVWUDLQVDQG5HVSHFWLYHO\ ES /DQHV
UHSUHVHQW3&5RIEDFWHULDOVWUDLQVDQGUHVSHFWLYHO\XVLQJSULPHUV)5 ES /DQHVUHSUHVHQWWKH
3&5RIWKHEDFWHULDOVWUDLQVDQGUHVSHFWLYHO\XVLQJSULPHUV)5 ES 0+L/RPROHFXODUZHLJKWPDUNHU
$UURZVKRZVGRXEOHEDQGV ES 
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),*85(
 JHOIRUGHWHFWLRQRILQVHUWVRISDUWLFXODUVL]H

/DQHVIURPUHSUHVHQWEDFWHULDOVWUDLQVQXPEHU ES  ES DQGUHVSHFWLYHO\0+L/R
PROHFXODUZHLJKWPDUNHU$UURZVKRZVGRXEOHEDQG ES 

7$%/(
%HVWDOLJQPHQWKLWVRI%ODVWQVHTXHQFHV
'HVFULSWLRQ

$FFHVVLRQ1XPEHU

0D[ WRWDOVFRUH 4XHU\FRY

(YDOXH
L

0D[
L

6WUDLQ- B.t.kenyae 
Bacillus cereus $7&&

FKURPRVRPH
Bacillus cereus VWUDLQ

*FKURPRVRPH
Bacillus cereus )5,FRPSOHWHJHQRPH 


































&3
&3


Bacillus cereus$7&&
FRPSOHWHJHQRPH
Bacillus cereus 4FRPSOHWHJHQRPH 
Bacillus cereus$+FRPSOHWHJHQRPH 













&3

Bacillus cereus$+FRPSOHWHJHQRPH 









$(

Bacillus thuringiensisVHURYDUkonkukian
VWUFRPSOHWHJHQRPH
Bacillus anthracisVWU $PHV$QFHVWRU 
FRPSOHWHJHQRPH
Bacillus
anthracis
VWU
6WHUQHFRPSOHWHJHQRPH
Bacillus
anthracis
VWU
$PHVFRPSOHWHJHQRPH
Bacillus cereus (/FRPSOHWHJH
QRPH
Bacillus thuringiensisVWU
$O
+DNDP FRPSOHWHJHQRPH





























































6WUDLQ- B.t. kurstaki)
Bacillus subtilisFRPSOHWHJHQRPH VHFWLRQ 
RI 
IURPWR

Bacillus subtilisNEVHTXHQFHEHWZHHQ 
JQW=DQGWUQ<JHQHVHQFRGLQJ
25)V
Bacillus amyloliquefaciens

)=%FRPSOHWHJHQRPH






























H



&3
&3
&3
$(

$(
$(
$(
&3
&3

=

'
&3
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)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

Bacillus licheniformis$7&&FRP
SOHWHJHQRPH
$(
Bacillus licheniformis
'60FRPSOHWHJHQRPH
6WUDLQ- ES  B.t .Pakistani 



















%$







Oceanobacillus iheyensis+7('1$
FRPSOHWHJHQRPH


H

H





H







7$%/(FRQWLQXHG
6WUDLQ- B.t .jordanica 
&3
Bacillus cereus
$+
FRPSOHWHJHQRPH







&3

Bacillus thuringiensisVWU
$O
+DNDP FRPSOHWH
JHQRPH
Bacillus thuringiensisVHURYDU
konkukian VWU
FRPSOHWHJHQRPH








H










H



&3

Bacillus cereus (/
FRPSOHWHJHQRPH








H



$(

Bacillus anthracisVWU $PHV
$QFHVWRU FRPSOHWHJHQRPH
Bacillus
anthracis
VWU
6WHUQHFRPSOHWHJHQRPH
















H

H

$(

Bacillus
anthracis
VWU
$PHVFRPSOHWHJHQRPH








H



&3

Bacillus cereus 4FRP
SOHWHJHQRPH








H



&3

Bacillus cereus *
FRPSOHWHJHQRPH








H



&3

Bacillus cereus %
FRPSOHWHJHQRPH








H



6WUDLQ-1 QRQVHURW\SDEOH 
&3
Bacillus cereus
$+
FRPSOHWHJHQRPH












$(

Bacillus thuringiensisVHURYDU
konkukianVWU
FRPSOHWHJHQRPH











$(

Bacillus anthracisVWU $PHV
$QFHVWRU FRPSOHWHJHQRPH











$(

$(



H





$(

Bacillus

VWU












$(

6WHUQHFRPSOHWHJHQRPH
Bacillus
anthracis
VWU
$PHVFRPSOHWHJHQRPH
Bacillus thuringiensisVWU
$O
+DNDP FRPSOHWH
JHQRPH
Bacillus cereus (/
FRPSOHWHJHQRPH
Bacillus
cereus
$7&&
FRPSOHWHJHQRPH














































&3
&3
$(

anthracis

&3

Bacillus cereus 4FRP
SOHWHJHQRPH











&3

Bacillus cereus
$+
FRPSOHWHJHQRPH
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7$%/(
W%ODVW[RIRXUTXHU\VHTXHQFHVZLWKSDUDVSRULQJHQHVGHSRVLWHGLQ*HQEDQN
4XHU\VH
TXHQFH

$%
(
6&25( 9$/8(

$%
(
6&25( 9$/8(

$%
(
6&25( 9$/8(

$%
(
6&25( 9$/8(

$%
(
6&25( 9$/8(

6WUDLQ-





















6WUDLQ-





















6WUDLQ
-
ES 





















6WUDLQ
-
ES 
6WUDLQ-









































6WUDLQ-





















6WUDLQ
-
ES 





















6WUDLQ-1








































$%

$%

$%

$%


''

4XHU\VH
TXHQFH

6&25(

(
9$/8(

6&25(

(
9$/8(

6&25(

(
9$/8(

6&25(

(
9$/8(

6&25(

(
9$/8(

6WUDLQ-





















6WUDLQ





















6WUDLQ-
ES 





















6WUDLQ
-
ES 





















6WUDLQ-





















6WUDLQ-









































ES 





















6WUDLQ-1





















6WUDLQ

-

4XHU\VHTXHQFHV
-
-
- ES 


7$%/(
(YDOXHVRIDSDLUZLVHDOLJQPHQWRIVHTXHQFHGFORQHV
-
-
-
-
-
- -  -1
ES 
ES 
ES 















H









- ES 

















-







H









-

















- ES 

-1


















;









[
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QXPEHU- ES GLGQRWUHVXOWLQDQ\PDWFKHV
ZLWKVHTXHQFHVLQ*HQEDQN.

W%ODVW[7KHWEODVW[VHDUFKHVRIDPSOLFRQVVH
TXHQFHV DJDLQVW 1&%, GDWDEDVHV UHYHDOHG VWURQJ
VLPLODULWLHVWRVRPHVHTXHQFHVLQ*HQEDQNVXFKDV
WEODVW[RIVWUDLQ- B.t. kenyae VKRZHGVLJQLILFDQW
PDWFKHV ZLWK SDUDVSRULQ DFFHVVLRQ QXPEHU
$% $%$% DQG $%
ZLWKDQ(YDOXHRIDQGUH
VSHFWLYHO\7DEOH7KHVHTXHQFHRI- B.t. jordanica JDYHEHVWKRPRORJ\ZLWKSDUDVSRULQDFFHV
VLRQQXPEHU$%$%$%ZLWK
(YDOXHZKLOHWKHKRPRORJ\ZLWK$%
$% ZDV  (YDOXH 2Q WKH RWKHU KDQG
-ZLWKVL]HV ESES FRQVLGHUHGXQLTXH
VHTXHQFHVZLWKRXWVLJQLILFDQWVLPLODULWLHV
:KHQRXUVHTXHQFHVZHUHDOLJQHGRQHWRHDFK
RWKHUXVLQJW%ODVW[UHVXOWVUHYHDOHGKLJKVLPLODULWLHV
EHWZHHQ VWUDLQV - DQG - VWUDLQ - DQG VWUDLQ
-1DQGVWUDLQQXPEHU- ES DQGVWUDLQ-
7DEOH


',6&866,21

7KHFORQLQJRIDQ\PHPEHUEHORQJLQJWRDVSH
FLILFJHQHIDPLO\UHTXLUHVWKHXVHRIFRPSDUDWLYHJH
QRPLFV 7KH DVVXPSWLRQ EHKLQG WKLV DYHQXH LV WKH
DYDLODELOLW\RILQGHILQLWHQXPEHURIVXFFHVVIXOH[DP
SOHV+RZHYHUFDXWLRQPXVWEHFRQVLGHUHGDVEDVH
VXEVWLWXWLRQGHOHWLRQVRUDGGLWLRQVSHQHWUDQFHJHQ
HUDWHHQGOHVVSXWDWLYHVLQJOHSRO\PRUSKLFSRO\PRU
SKLVPV 613V 6XFK613VKLJKO\LQIOXHQFHWKHVXF
FHVVRIDPSOLILFDWLRQRISRWHQWLDOJHQHRUVHTXHQFH
EDVHGRQFRPSDUDWLYHGDWD
2QWKHRWKHUKDQGWKHQXPEHURINQRZQHQWULHV
XVHG LQ WKH FRPSDUDWLYH DQDO\VLV LV KLJKO\ FUXFLDO
7KHPRUHVHTXHQFHVDYDLODEOHWKHKLJKHUWKHGHJUHH
RIFRQILGHQFHLQGHWHFWLQJUHOLDEOHFRQVHQVXV,QDG
GLWLRQLQFUHDVLQJQXPEHURIDYDLODEOHVHTXHQFHVLQ
DQDOLJQPHQWRIIHUVPRUHPDQHXYHULQJVSDFHLQWKH
FRQVHQVXV VHTXHQFH ,Q WXUQ WKLV VSDFH DOORZV WKH
IOH[LELOLW\ LQ GHVLJQLQJ 3&5 SULPHU SDLUV IRU HDFK
VWUHWFKLQWKHDOLJQPHQW
+RZHYHUWKHDYDLODEOHSDUDVSRULQVHTXHQFHVLQ
WKH GDWDEDVHV RI *HQEDQN ZHUH OLPLWHG ZKHQ WKLV
VWXG\ZDVLQLWLDWHG,QIDFWWKHGHSRVLWHGSDUDVSRULQ
VHTXHQFHVGLGQRWLQFUHDVHHLWKHULQDWDQJLEOHIDVK
LRQWREHXVHIXOIRUFRPSDUDWLYHFORQLQJ7KLVLVYHU\
VXEWOHDVPDQ\%WLVRODWHVZHUHDYDLODEOHIRUWKHUH
VHDUFK FRPPXQLW\ IURP DOO DURXQG WKH ZRUOG
>@DQGQHZLVRODWHVDUHVWLOOEHLQJLGHQWLILHG
>@7KHSODXVLEOHDLGWRROVWRRYHUFRPHWKLVRE
VWDFOHLQFOXGHWKHVFUHHQLQJRIDZLGHVSHFWUXPRI%W
FROOHFWLRQV 7KLV ZRXOG HQVXUH WKH SUREDELOLW\ RI
DFKLHYLQJDGHWHFWDEOHDPSOLILFDWLRQRIWKHSXWDWLYH
VHTXHQFH)XUWKHUPRUHGHVLJQLQJDOWHUQDWLYHSULPHU



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

SDLUVDQGH[HFXWLQJ3&5VXVLQJUHFLSURFDOFRPELQD
WLRQVZRXOGLQFUHDVHWKHKXQWLQJFKDQFHIRUWKHGH
VLUHGVHTXHQFH
7KH LOOXVWUDWHG UHVXOWV LQ WKLV LQYHVWLJDWLRQ
VKRZHGWKDWIRXURXWRIWKHILYHGHVLJQHGSULPHUVHWV
FRXOG VXFFHVVIXOO\ DPSOLI\ SRWHQWLDO SDUDVSRULQ VH
TXHQFHV2XWRIWKHVWUDLQVXVHGLQWKLVVWXG\RQO\
VWUDLQVSRVVHVVHGSXWDWLYHSDUDVSRULQJHQHIUDJ
PHQWV2QO\HLJKWSXWDWLYHSDUDVSRULQVHTXHQFHVKDG
SRVLWLYHUHVXOWVDVFRPSDUHGZLWKWKHSUHVHWIHDWXUHV
7KH3&5DPSOLILHGVHTXHQFHOHQJWKVYDULHGIURPDV
VPDOODVESXSWRESDVUHVROYHGXVLQJFRQ
YHQWLRQDODJDURVHJHOHOHFWURSKRUHVLV
7KUHHW\SHVRI3DUDVSRULQ 3V3VDQG3V 
VKRZHGVLPLODULW\ZLWKTXHU\VHTXHQFHVE\UXQQLQJ
%ODVWQW%ODVW[ SURJUDPV2QWKHRWKHUKDQG3V
GLGQ¶W JLYH DQ\ PDWFKHV RU VLPLODULW\ 3HUIRUPLQJ
EODVWQ IXQFWLRQ DYDLODEOH DW WKH *HQEDQN ZDV WR
JHQHUDWHDOLJQPHQWVRIWKHQXFOHRWLGHVHTXHQFHVRQ
WKRVHQLQHSXWDWLYHSDUDVSRULQ$OWKRXJKWKHDYDLOD
EOHSDUDVSRULQHQWULHVZHUHOLPLWHGLQWKH*HQEDQN
KRZHYHU DQ LQLWLDO RYHUYLHZ RI WKH JHQHUDWHG VH
TXHQFHVZDVQHFHVVDU\7KHUHVXOWVVKRZHGWKDWRXU
%WVHTXHQFHVZHUHVLPLODUWRVHYHUDOVWUDLQVRIBacillusVSHFLHV7KLVJDYHXVWKHILUVWLQGLFDWLRQVWRWUXVW
WKHFRQGXFWHGFORQLQJSURFHVVDVWKHJHQHUDWHGGDWD
FRPHVZLWKBacillus DQGQRWIURPDQ\RWKHUVRXUFH
RI FRQWDPLQDWLRQ 7KLV IXUWKHU LPSOLHG WKH   KLJK
VWDQGDUG DYDLODEOH LQ RXU ODERUDWRULHV WR FORQH de
novoVHTXHQFHV
7KH VHTXHQFHV RI WKH VWUDLQ QXPEHU - B.t.
kenyae) KDG KLJK VLPLODULW\ ZLWK VHTXHQFHV RI WKH
WKUHHVSHFLHVRIBacillusB. cereusB. thuringiensis
VHURYDUkonkukianDQGB. anthracisZLWKTXHU\FRY
HUDJHDQGDQGDVLPLODULW\RIDQG
 UHVSHFWLYHO\ 7KH -RUGDQLDQ VWUDLQ B.t. kurstaki
- VHTXHQFHZDVVLPLODUWRDQXPEHURIEDFWHULDO
VWUDLQVHTXHQFHVVXFKDVB. subtilisB. amyloliquefaciensDQGB. licheniformis ZLWKTXHU\FRYHUDJH
DQGDQGWKHVLPLODULW\LGHQWLW\RIDQG
 UHVSHFWLYHO\ 7KH VWUDLQ B.t. pakistani - 
VHTXHQFHZLWKESSRVVHVVHGDKLJKPDWFKZLWK
WKHVHTXHQFHRIWKHEDFWHULXPOceanobacillus iheyensZLWKDTXHU\FRYHUDJHRIDQGDPD[LPXP
LGHQWLW\  7KH VHTXHQFHV RI WKH VWUDLQ B.t. jordanica - VKRZHGVLJQLILFDQWKRPRORJ\WRB. cereus VWUDLQ $+ DQG Bt VWUDLQ AlHakam DQG WKH
VHURYHUkonkukian VWUDLQZLWKTXHU\FRYHUDJH
 DQG D PD[LPXP LGHQWLW\ RI  7KH VWUDLQ
-1 QRQVHURW\SDEOH VKRZHGVLPLODULW\WRB. cereus DQG B.t VHURYDU konkukian VWUDLQ ZLWK TXHU\
FRYHUDJH  DQG D PD[ LGHQWLW\ RI  2Q WKH
RWKHUKDQGWKH%ODVWQRIWKHWKUHHVHTXHQFHVRIWKH
VWUDLQVB.tPakistani -  ESDQGES DQG
B.t. kurstaki -  GLGQ¶W UHVXOW LQ DQ\ PDWFKHV ZLWK
VHTXHQFHVGHSRVLWHGLQ*HQEDQN
7KLVVWXG\VKRZHGWKDW-VWUDLQZDVGLVWDQW
IURP - - VWUDLQV 7DEOH  DOWKRXJK -DFFDUG¶V
VLPLODULW\LQGH[JHQHUDWHGIURP5$3'GDWDRIVWXG
LHG LVRODWHV UHYHDOHG WKDW - DUH GLVWDQWO\ UHODWHG
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IURP--ZLWKD-DFFDUG¶VLQGH[RI>@
)RXU ORFDO %W VWUDLQV VXFFHHGHG LQ SURGXFLQJ F\WR
WR[LF SDUDVSRUDO LQFOXVLRQ SURWHLQV DJDLQVW FDQFHU
FHOOV - - - DQG -  >@ QHLWKHU RQH RI
WKHVHORFDO%WVWUDLQVVXFFHHGHGLQSURGXFLQJSXWD
WLYHSDUDVSRULQJHQHVLQWKLVVWXG\7KXVIXUWKHULQ
YHVWLJDWLRQVVKRXOGEHSHUIRUPHGRQWKHVHVWUDLQV
7KH ILUVW SXEOLVKHG UHSRUWV RI %W SURGXFLQJ
SDUDVSRULQWR[LQVIURPQDWXUDOKDELWDWZHUHUHFRUGHG
LQ-DSDQDQGLQ9LHWQDP>@7KH1&%,
WEODVW[VHTXHQFHRIRXUSXWDWLYHSDUDVSRULQJHQHVUH
YHDOHG VWURQJPDWFKHV ZLWK WKHGHSRVLWHG 3V DQG
3VSDUDVSRULQJHQHVUHFRUGHGIURP-DSDQDQG9L
HWQDP5HVXOWVVKRZHGDVWURQJVLPLODULW\RIWKH-RU
GDQLDQLVRODWH- B.t. kenyae) ZLWKSDUDVSRULQDF
FHVVLRQQXPEHUV$%DQGWKH3VRIWKH9L
HWQDPHVH%WVWUDLQV DFFHVVLRQQR$% 
 DFFHVVLRQ QR $%  DQG VWUDLQ 
DFFHVVLRQ QR $%  ZLWK (YDOXHV RI 
DQGUHVSHFWLYHO\7KH-RUGDQLDQ
LVRODWH-UHSUHVHQWLQJB.t. kurstakiVKRZHGDVWURQJ
VLPLODULW\ WR 3VRI VHYHQ %W VWUDLQV LVRODWHG IURP
-DSDQHVHDQG9LHWQDPHVHVRLOV7KHVHYHQ%WVWUDLQV
DUH%W DFFHVVLRQQR$% DQG%W
 DFFHVVLRQ QR $%  % DFFHVVLRQ
QRV$%DQG$% DQG$ DFFHV
VLRQ QR $%   DFFHVVLRQ QR
$%  DQG  DFFHVVLRQ QR $% 
ZLWK(YDOXHVRI
DQGUHVSHFWLYHO\7KHVHTXHQFHRIWKH
DPSOLFRQVZLWKDVL]HRIESRIWKH-RUGDQLDQLVR
ODWH - UHSUHVHQWLQJ WKH VHURYDU B.t. pakistani
VKRZHGVWURQJVLPLODULWLHVWR3VRIIRXU9LHWQDP
HVHVWUDLQV ZLWK(YDOXHV
   DQG  UHVSHFWLYHO\ 7KH
-LVRODWH B.t. jordanica)VKRZHGVWURQJVLPLODUL
WLHVWR3VRIIRXU-DSDQHVHDQG9LHWQDPHVHLVRODWHV
$    7KH (YDOXHV RI WKH
VLPLODULWLHV RI RXU LVRODWH DQG WKH PHQWLRQHG -DSD
QHVH DQG 9LHWQDPHVH LVRODWHV ZHUH  
DQGUHVSHFWLYHO\
2XU VWXG\ VKRZHG WKDW WKH VHTXHQFHV RI WZR
-RUGDQLDQVWUDLQV-DQG-KDGDVLPLODULW\ZLWK
WKH3VRIWKH-DSDQHVHLVRODWH$$VVDHHGLHWDO
>@DQG.DWD\PDHWDO>@VWDWHGWKDWWKH3VLVRODWHG
IURP WKH LVRODWH $ KDG DQ DQWLWXPRU HIIHFW RI
FDQFHU FHOO OLQHV +HOD FHOOV XWHUXV FHUYL[ FDQFHU
FHOOV &DFRFHOOV6ZDQRFHOOVDQG$FHOOV7KH
WZR-RUGDQLDQLVRODWHV-DQG-PLJKWKDYHVXFK
DQWLWXPRU HIIHFW DQG ZRUN VKRXOG EH H[WHQGHG WR
FRQILUPVXFKILQGLQJV
7KHSDUDVSRULQW\SH3VZDVFORQHGIURPWKH
LVRODWHBt VHURYDU shandongiensisVWUDLQ$>@
DQG 2NXPXUDHW DO>@ DQG /HH HW DO >@UHSRUWHG
WKDW WKLV 3V LQGXFHG QHFURVLVOLNH F\WRWR[LFLW\
DJDLQVW OHXNHPLD 7FHOOV 02/7 FHOOV  2XU UH
VXOWV VKRZHG WKDW VHTXHQFHV RI WKH WKUHH -RUGDQLDQ
LVRODWHV B.t. jordanica - B.t.kurstaki - DQG
DQRQVHURW\SDEOHB.t -1 KDGVLPLODULWLHVZLWKWKH
3V RI -DSDQHVH LVRODWH $ DFFHVVLRQ QR
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$% ZLWK(YDOXHVRIDQG
UHVSHFWLYHO\7KXVWKHVH-RUGDQLDQVWUDLQVPLJKWLQ
GXFHVXFKDQWLWXPRUHIIHFW
7KH-RUGDQLDQVWUDLQV-ZLWKDPSOLFRQVL]HV
ESDQGESGLGQRWUHVXOWLQDQ\PDWFKHV
7KH\PLJKWEHSDUDVSRULQJHQHVDQGIXUWKHUZRUNLV
QHHGHG WR YHULI\ WKHLU SDUDVSRULQ LGHQWLW\ ,Q &RQ
WUDU\WKH''ZKLFKLVDQHZSDUDVSRULQGH
SRVLWHGLQ*HQEDQNGLGQ¶WKDYHDQ\VLPLODULW\WRDQ\
RIWKH-RUGDQLDQSXWDWLYHSDUDVSRULQVHTXHQFHV
5HVXOWVRIW%ODVW[UHYHDOHGWKDWWKHVHTXHQFHV
RI WKH -RUGDQLDQ %W VWUDLQV PLJKW EH SXWDWLYH
SDUDVSRULQJHQHV7KXVWKHVLPLODULWLHVUHVXOWHGIURP
EODVWQRIRXUVHTXHQFHVZLWKWKH*HQEDQNGHSRVLWHG
Bacillus DQGOceanobacillusVWUDLQVVHTXHQFHVPD\
UHYHDOWKDWWKHVHVWUDLQVPLJKWKDYHSDUDVSRULQJHQHV
7KHVHILQGLQJVPD\H[WHQGWKHZRUNRQWKHVHVWUDLQV
WRILQGDQGFRQILUPWKHLUDQWLWXPRUHIILFDF\
,W LV ZRUWK PHQWLRQLQJ WKDW PLFUREH JHQRPHV
DUHYHU\VPDOODOWKRXJKWKH\FRPSULVHVHYHUDOWKRX
VDQG DFWLYH DQG RU SXWDWLYH JHQHV >@ 7KHUHIRUH
JHQHPLQLQJLVDYHU\FRPSHWLWLYHDUHQDIRUUHVHDUFK
HUV DW UHVHDUFK LQVWLWXWLRQV DQG FHQWHUV ZRUOGZLGH
7KLVDSSOLHVIRUERWKSULYDWHO\DQGSXEOLFO\IXQGHG
SURMHFWVIRFXVLQJLQJHQHVPLQLQJIURPPLFURRUJDQ
LVPV7KHDYDLODELOLW\RIQH[WJHQHUDWLRQVHTXHQFHUV
LQFOXGLQJ  PDFKLQHV 5RFKH 6ZLW]HUODQG 
62/L'6\VWHP $SSOLHG%LRV\VWHPV86$ DQG6R
OH[D ,OOXPLQD 86$  ZRXOG KDYH LJQLWHG WKLV DUP
UDFHWRJHWPRUHDQGPRUHJHQRPHVHTXHQFHVRIPL
FURRUJDQLVP 6XFK WHFKQRORJ\ ZRXOG RQ WKH RWKHU
KDQGKDVWHQJHQHGLVFRYHU\DQGHQVXUHVH[SRQHQWLDO
SUROLIHUDWLRQRISXEOLFGDWDEDVHVDWWKH*HQEDQN
7KHVHWXSH[SHQVHVZHUHSURKLELWLQJWKHLQWUR
GXFWLRQ RI WKHVH PDFKLQHV +RZHYHU WKH HYHUGH
FUHDVLQJUXQQLQJFRVWRIDQ\PDFKLQHZLWKWKHK\SHU
YDOXH RI WKH JHQHUDWHG JHQRPH VHTXHQFH IDFLOLWLHV
ZHUHDPRQJWKHIDFWRUVWKDWIDFLOLWDWHWKHGHSOR\PHQW
RIQRWKXQGUHGVEXWUDWKHUWKRXVDQGVRIWKHVHXQLWVLQ
UHVHDUFKODEVZRUOGZLGH


&21&/86,21

7KHSUHVHQWVWXG\VKRZHGWKDWWKHVHTXHQFHVRI
WZR-RUGDQLDQVWUDLQV-DQG-KDGDVLPLODULW\
ZLWKWKH3VRIWKH-DSDQHVHLVRODWH$.DWD\
PDHWDO>@VWDWHGWKDWWKH3VLVRODWHGIURPWKHLVR
ODWH $ KDG DQ DQWLWXPRU HIIHFW RI FDQFHU FHOO
OLQHV+HODFHOOV XWHUXVFHUYL[FDQFHUFHOOV &DFR
FHOOV6ZDQRFHOOVDQG$FHOOV7KHWZR-RUGDQLDQ
LVRODWHV-DQG-PLJKWKDYHVXFKDQWLWXPRUHI
IHFW DQG ZRUN VKRXOG EH H[WHQGHG WR FRQILUP VXFK
ILQGLQJV7KLVVWXG\VKRZHGWKDWVFUHHQLQJODUJHFRO
OHFWLRQRIEDFWHULDOLVRODWHVZDVQHFHVVDU\WRVHDUFK
IRUSDUDVSRULQJHQHV7KLVZDVUHTXLUHGDVDYLDEOH
GDWD HQWU\ LQ WKH *HQ%DQN ZHUH OLPLWHG UHQGHULQJ
WKH3&5ZLWKDQ\SULPHUWREHGHVLJQHGDOHVVFRQ
ILGHQW HYHQW $Q\ IXOOOHQJWK JHQH ZRXOG EH H[
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SUHVVHGLQKHWHURORJRXVV\VWHPZKHUHLWFDQEHDV
VD\HG in vivo IRU DFWLYLW\ DJDLQVW ERWK QRUPDO DQG
FDUFLQRJHQLFKXPDQFHOOVVRLWLVUHFRPPHQGHGWR
FORQHWKHIXOOOHQJWKJHQHVRIWKHFORQHGIUDJPHQWV
,WLVUHFRPPHQGHGWRLQYHVWLJDWHWKHSURWHLQSURILOH
RIWKHIRXQGSRVLWLYHLVRODWHVERWKRQHGLPHQVLRQDO
DQG WZR GLPHQVLRQDO SRO\DFU\ODPLGH JHO HOHFWUR
SKRUHVLV 2Q WKH RWKHU KDQG LW LV UHFRPPHQGHG WR
LQYHVWLJDWH VXUYH\HG ORFDO VWUDLQV DJDLQVW FDQFHU
FHOOV LW LV KLJKO\ SUREDEOH WKDW XQLGHQWLILHG QRYHO
SDUDVSRULQ RU SDUDVSRULQ VLPLODU VHTXHQFHV ZRXOG
UHVLGHQWLQWKHVHLVRODWHV,WLVUHFRPPHQGHGWRDVVHV
PXOWLSOH[3&5UXQVZLWKDOUHDG\HQJLQHHUHGSULPHUV
DQGDIXUWKHUQHZVHWWREHGHVLJQHG7KLVZRXOGKDV
WHQWKHVFUHHQLQJQRWRQO\IRUDYDLODEOHORFDOFROOHF
WLRQEXWIRUIXWXUHLVRODWHFROOHFWLRQV


$&.12:/('*(0(176

7KLVVWXG\ZDVIXQGHGE\WKH'HDQVKLSRI6FL
HQWLILF5HVHDUFK7KH8QLYHUVLW\RI-RUGDQWRZKRP
ZHWKDQN


5()(5(1&(6

>@ :X<)X<<XDQ<DQG*DR0  
&RPSOHWHJHQRPHVHTXHQFHRIBacillus thuringiensis VXEVS MLQJKRQJLHQVLV 5HIHUHQFH 6WUDLQ
<*G*HQRPH $QQRXQF    H

>@ 3DOPD/0XxR]'%HUU\&0XULOOR-DQG
&DEDOOHUR3  Bacillus thuringiensisWR[
LQVDQRYHUYLHZRIWKHLUELRFLGDODFWLYLW\7R[
LQV
>@ :LOFNV$6PLGW/NVWDG2$.ROVW¡$
%0DKLOORQ-DQG$QGUXS/  5HSOLFD
WLRQPHFKDQLVPDQGVHTXHQFHDQDO\VLVRIWKHUH
SOLFRQ RI S$: D FRQMXJDWLYH SODVPLG IURP
Bacillus thuringiensis. -%DFWHULRO

>@ $KPHG $ +XVVHLQ + (O.HUVK 7 $O
6KHLNK < $\DDG 7 (O6DGDZ\ + $O
0HNKODIL ) ,EUDKLP 0 $O7DPLPL - DQG
1DVU )   /DUYLFLGDO DFWLYLWLHV RI LQGLJH
QRXV Bacillus thuringiensis LVRODWHV DQG QHPD
WRGHV\PELRWLFEDFWHULDOWR[LQVDJDLQVWWKHPRV
TXLWRYHFWRU&XOH[SLSLHQV 'LSWHUD&XOLFLGDH 
-$UWKURSRG%RUQH'LV±
>@ $O%DQQD/DQG.K\DPL+RUDQL+  1H
PDWLFLGDO DFWLYLW\ RI WZR -RUGDQLDQ VWUDLQV RI
Bacillus thuringiensisRQURRWNQRWQHPDWRGHV
1HPDWRO0HGLW
>@ 'RPtQJXH]$UUL]DEDODJD09LOODQXHYD0
(VFULFKH%$QFtQ$]SLOLFXHWD&DQG&DEDO
OHUR3   ,QVHFWLFLGDO DFWLYLW\ RI Bacillus
thuringiensisSURWHLQVDJDLQVWFROHRSWHUDQSHVWV
7R[LQV
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>@ 0HQGR]D$OPDQ]D * (VSDU]D,EDUUD (
$\DOD/XMiQ - 0HUFDGR5H\HV 0 *RGLQD
*RQ]iOH] 6 +HUQiQGH]%DUUDOHV 0 DQG 2O
PRV6RWR -   7KH F\WRFLGDO VSHFWUXP RI
Bacillus thuringiensis WR[LQV IURP LQVHFWV WR
KXPDQFDQFHUFHOOV7R[LQV
>@ $ERXO6RXG0$O$PUL0.XPDU$$O
6KHLNK<$VKRXU.DQG(O.HUVK7  
6SHFLILF F\WRWR[LF HIIHFWV RI SDUDVSRUDO FU\VWDO
SURWHLQVLVRODWHGIURPQDWLYH6DXGL$UDELDQBacillus thuringiensisVWUDLQVDJDLQVWFHUYLFDOFDQ
FHUFHOOV0ROHFXOHV  
>@ $VVDHHGL$$ERX(O(OOD*DQG2VPDQ*
 2YHUH[SUHVVLRQDQGF\WRFLGDODFWLYLW\RI
SDUDVSRULQIURPBacillus thuringiensisDJDLQVW
KXPDQ FDQFHU FHOO OLQHV - 0LFURE%LRFKHP
7HFKQRO  
>@%UDVVHXU.$XJHU3$VVHOLQ(3DUHQW6
&{Wp-DQG6LURLV0  3DUDVSRULQIURP
DQHZBacillus thuringiensis5VWUDLQLQGXFHV
FDVSDVHVDFWLYDWLRQDQGDSRSWRVLVLQKXPDQFDQ
FHU FHOOV 3/26 RQH    $UWLFOH ,'
H
>@.LWDGD6<XLFKL$6KLPDGD+NXVDND<
0DWVXR<.WDWD\DPD+2NXPXUD6$NDR
7 0L]XNL ( DQG .XJH 2   &\WRFLGDO
DFWLRQV RI SDUDVSRULQ DQ DQWL WXPRU FU\VWDO
WR[LQ IURP Bacillus thuringiensis - %LRO 

>@2KED 0 0L]XNL ( DQG 8HPRUL $  
3DUDVSRULQQHZDQWLFDQFHUSURWHLQJURXSIURP
Bacillus thuringiensis.$QWLFDQFHU5HV

>@2NXPXUD66DLWRK+,VKLNDZD7,QRX\H
. DQG0L]XNL (   0RGH RI DFWLRQ RI
SDUDVSRULQ D F\WRFLGDO SURWHLQIURPBacillus
thuringiensis%LRFKLP %LRSK\V $FWD
±
>@$EHUNDQH / 1DFHU.KRGMD $ 'MHQDQH =
'MRXDGL /1 2XDIHN $ %RXVODPD / DQG
'MHIDO $   ,Q 9LWUR &\WRWR[LFLW\ RI
3DUDVSRULQVIURP1DWLYH$OJHULDQBacillus thuringiensis6WUDLQV$JDLQVW/DU\QJHDODQG$OYH
RODU&DQFHUV&XUU0LFURELRO  
>@0HOR$DQG.LWDGD6  6HOHFWLRQRIWKH
Bacillus thuringiensisEHUOLQHUVWUDLQWRSURGXFH
D SDUDVSRULQ ZLWK F\WRWR[LF DFWLYLW\ DJDLQVW
0&)EUHDVWFDQFHUFHOOV%UHDVW'LV  

>@$EH<6KLPDGD+DQG.LWDGD6  5DIW
WDUJHWLQJDQGROLJRPHUL]DWLRQRISDUDVSRULQD
%DFLOOXVWKXULQJLHQVLVFU\VWDOSURWHLQZLWKDQWL
WXPRUDFWLYLW\-%LRFKHP±
>@(NLQR.2NXPXUD6+,VKLNDZD7.LWDGD
66DLWRK+$NDR72ND71RPXUD<
2KED06KLQ7DQG0L]XNL(  &ORQ
LQJ DQG FKDUDFWHUL]DWLRQ RI D XQLTXH F\WRWR[LF
SURWHLQSDUDVSRULQSURGXFHGE\Bacillus thuringiensis$VWUDLQ7R[LQV



E\363

9ROXPH±1RSDJHV

>@.DWD\DPD + .XVDND < <RNRWD + $NDR
7.RMLPD01DNDPXUD20HNDGD(DQG
0L]XNL(  3DUDVSRULQDQRYHOF\WR
WR[LF SURWHLQ IURP Bacillus thuringiensis LQ
GXFHV&DLQIOX[DQGDVXVWDLQHGHOHYDWLRQRI
WKH F\WRSODVPLF &D FRQFHQWUDWLRQ LQ WR[LQ
VHQVLWLYHFHOOV-%LRO&KHP
>@6DLWRK+2NXPXUD6,VKLNDZD7$NDR7
0L]XNL(DQG2KED0  ,QYHVWLJDWLRQRI
DQRYHOBacillus thuringiensisJHQHHQFRGLQJD
SDUDVSRUDO SURWHLQSDUDVSRULQ WKDWSUHIHUHQ
WLDOO\NLOOVKXPDQOHXNHPLF7FHOOV%LRVFL%LR
WHFK%LRFK
>@;X &+ :DQJ %&+ <X = DQG 6XQ 0
 6WUXFWXUDOLQVLJKWVLQWRBacillus thuringiensisFU\F\WDQGSDUDVSRULQWR[LQV7R[LQV

>@<DPDVKLWD6.DWD\DPD+6DLWRK+$NDR
73DUN<60L]XNL(2KED0DQG,WR$
  7\SLFDO WKUHHGRPDLQ FU\ SURWHLQV RI
Bacillus thuringiensisVWUDLQDH[KLELWF\WR
FLGDODFWLYLW\RQOLPLWHGKXPDQFDQFHUFHOOV-
%LRFKHP
>@$EX'KDLP($O%DQQD/DQG.K\DPL+R
UDQL+  (YDOXDWLRQRIVRPH-RUGDQLDQ%W
VWUDLQVDJDLQVWWZRVSHFLHVRIURRW±NQRWQHPD
WRGHV-RUGDQ-$JULF6FL
>@2EHLGDW 0 +DVVDZL ' DQG *KDEHLVK ,
  &KDUDFWHUL]DWLRQ RI Bacillus thuringiensisVWUDLQVIURP-RUGDQDQGWKHLUWR[LFLW\WR
WKH/HSLGRSWHUDEphestiakuehniella=HOOHU$IU
-%LRWHFKQRO
>@$O6DUDLUHK + $O=HUHLQL :$ DQG 7D
UDZQHK .$   $QWLPLFURELDO DFWLYLW\ RI
VHFRQGDU\ PHWDEROLWHV IURP D VRLO Bacillus sp.
%LVRODWHGIURPVRXWK$O.DUDN-RUGDQ-RU
GDQ -RXUQDO RI %LRORJLFDO 6FLHQFHV    

>@0DVVDGHK0,DQG0DKPRXG60  $Q
WLEDFWHULDO $FWLYLWLHV RI 6RLO %DFWHULD ,VRODWHG
IURP+DVKHPLWH8QLYHUVLW\$UHDLQ-RUGDQ-RU
GDQ-%LRO6FL  
>@6DGGHU0.K\DPL+RUDQL+$O%DQQD/
 $SSOLFDWLRQRI5$3'WHFKQLTXHWRVWXG\
SRO\PRUSKLVP DPRQJ Bacillus thuringiensis
LVRODWHV IURP -RUGDQ :RUOG - 0LFURE %LRW.
±
>@2EHLGDW 0   0ROHFXODU W\SLQJ RI ORFDO
Bacillus thuringiesis6WUDLQVDQGGHWHUPLQDWLRQ
RIWKHLUSDUDVSRUDOFU\VWDOSURWHLQVF\WRWR[LFLW\
DJDLQVWFDQFHUFHOOV3K'WKHVLV8QLYHUVLW\RI
-RUGDQ-RUGDQ
>@$O0RPDQL ) 2EHLGDW 0 6DDGRXQ , DQG
0HTGDP0  6HURW\SLQJRIBacillus thuringiensisLVRODWHVWKHLUGLVWULEXWLRQLQGLIIHUHQW
-RUGDQLDQ KDELWDWV DQG SDWKRJHQLFLW\ LQ Drosophila melanogaster :RUOG - 0LFURE %LRW
±
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>@.K\DPL+RUDQL+  7R[LFLW\RIBacillus
thuringiensis DQG B. sphaericus WR ODERUDWRU\
SRSXODWLRQV RI Drosophila melanogaster Diptra: Drosophilidae  - %DVLF 0LFURELRO 

>@2EHLGDW 0 $O0RPDQL ) DQG 6DDGRXQ ,
 'LYHUVLW\RIBacillus thuringiensisLQGLI
IHUHQWKDELWDWVRIQRUWKHUQ-RUGDQ-%DVLF0L
FURELRO±
>@1&%,  KWWSZZZQFELQOPQLKJRY
>@6PLWK 5 $ DQG &RXFKH * $   7KH
SK\OORSODQHDVDVRXUFHRIBacillus thuringiensis
YDULDQWV$SSO(QYLURQ0LFURELRO
>@0HDGRZV 03 (OOLV '- %XWW - -DUUHWW 3
DQG %XUJHV +'   'LVWULEXWLRQ IUH
TXHQF\DQGGLYHUVLW\RIBacillus thuringiensis
LQ DQ DQLPDO IHHG PLOO $SSO (QYLURQ 0LFUR
ELRO
>@'MHQDQH=/i]DUR%HUHQJXHU01DWHFKH)
DQG)HUUp-  (YDOXDWLRQRIWKHWR[LFLW\
RI VXSHUQDWDQW FXOWXUHV DQG VSRUH±FU\VWDO PL[
WXUHV RI Bacillus thuringiensisVWUDLQV LVRODWHG
IURP$OJHULD&XUUHQW0LFURELRORJ\±

>@+DP]DK $) $EG$OVDKLE :+ DQG 0DKGL
66   ,VRODWLRQ DQG LGHQWLILFDWLRQ QHZ
EDFWHULDOVWUDLQVLVRODWHGIURPGLIIHUHQWVRXUFHV
RI$O5DILGL\DKRLOILHOGLQ,UDT&DWULQD7KH,Q
WHUQDWLRQDO-RXUQDORI(QYLURQPHQWDO6FLHQFHV
  
>@.DWD\DPD+<RNRWD+$NDR71DNDPXUD
2 2KED 0 0HNDGD ( DQG 0L]XNL (
 3DUDVSRULQDQRYHOF\WRWR[LFSURWHLQ
WRKXPDQFHOOVIURPQRQLQVHFWLFLGDOSDUDVSRUDO
LQFOXVLRQVRIBacillus thuringiensis-%LRFKHP

>@,WR$6DVDJXUL<.LWDGD6.XVDND<.X
ZDQR.0DVXWRPL.0L]XNL($NDR7
DQG 2KED 0  $ Bacillus thuringiensis
FU\VWDOSURWHLQZLWKVHOHFWLYHF\WRFLGDODFWLRQWR
KXPDQFHOOV-%&
>@/HH'5$NDR7<DPDVKLWD6.DWD\DPD
+ 0DHGD06DLWRK +0L]XNL ( DQG
2KED0  1RQLQVHFWLFLGDOSDUDVSRUDOSUR
WHLQV RI D Bacillus thuringiensisVHURYHU VKDQ
GRQJLHQVLVLVRODWHH[KLELWDSUHIHUHQWLDOF\WRWR[
LFLW\DJDLQVWKXPDQOHXNHPLF7FHOOV%LRFKHP
%LRSK\V5HV&RPPXQ
>@<DPDVKLWD6$NDR70L]XNL(6DLWRK+
+LJXFKL.3DUN<6.LP+6DQG2KED0
  &KDUDFWHUL]DWLRQ RI WKH DQWLFDQFHUFHOO
SDUDVSRUDO SURWHLQV RI D Bacillus thuringiensis
LVRODWH&DQ-0LFURELRO  
>@<DVXWDNH.%LQK1.DJRVKLPD.8HPRUL
$ 2KJXVKL $ DHGD 0 0L]XNL )
0DQ<X< DQG 2KED 0  2FFXUUHQFH RI
SDUDVSRULQSURGXFLQJ Bacillus thuringiensis LQ
9LHWQDP&DQ-0LFURELRO  
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>@/HH':.DWD\DPD+$NDR70DHGD0
7DQDND5<DPDVKLWD66DLWRK+0L]XNL
(DQG2KED0  $N'DSURWHLQRIWKH
Bacillus thuringiensis VHURYDU shandongiensis
LVRODWH 7 LQGXFHV D KXPDQ OHXNHPLF
FHOOVSHFLILF F\WRWR[LFLW\ %LRFKLPLFD HW %LR
SK\VLFD$FWD

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
7DZILT0$O$QWDU\
'HSDUWPHQWRI3ODQW3URWHFWLRQ
6FKRRORI$JULFXOWXUH
7KH8QLYHUVLW\RI-RUGDQ
$PPDQ±-RUGDQ
HPDLO DODQWDU\W#JPDLOFRP
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ENVIRONMENTAL ANALYSIS OF LEISURE TOURISM
MARKETING SITUATION BASED ON COGNITIVE
ENVIRONMENTAL SCIENCE
Zhigang Bian*
Yatai School of Business Administration, Jilin University of Finance and Economics, Changchun 130117, China

crease. Old tourism companies have become "electric" and the emerging tourism industry has entered
the leisure tourism market in different forms. The
tourism market is becoming increasingly competitive, and at the same time, presents a situation of
multiple differences.
Tourism is an important component of national
income. Tourism mainly includes three pillar industries: (1) tourism; (2) transportation and passenger
transportation; (3) accommodation. The three pillar
industries are the main source of tourism income.
The tourism market has a very broad sales market [3],
as well as a considerable sales crowd. However, with
the increasing material and cultural needs of the people, people have higher and higher requirements on
the tourism market, and the imperfections of the
tourism industry have also attracted the people's enthusiastic attention. The increasing number of national statutory holidays has added more peak pickup periods for the leisure tourism industry [4-5]. If
we want to better grasp these opportunities in order
to increase marketing revenue, we must not only ensure the healthy and stable development of the tourism industry, but also fully understand the marketing
status of the leisure tourism market and solve hidden
problems in time.

ABSTRACT
Regional advancement of the industry's indepth adjustments and the corresponding implementation of the development strategy of finely reengineering regional city functions have promoted leisure tourism to become a key development plan for
the leading industries in China. The grand tourism
marketing strategy is an effective way to enhance the
competitiveness of the regional tourism and leisure
industry. Under the background of cognitive environmental science, this paper focuses on the characteristics of the current situation and existing problems of leisure tourism resources in China. Through
the quantitative analysis method, we do the in-depth
analysis of consumption trends and product demand
in the leisure travel market. On this basis, we further
analyze the overall market environment and gravity
model and obtain the leisure travel segment and targeted target market. In addition, we realize the overall design of the combined marketing strategy from
multiple aspects such as brand image and product design. The results show that leisure tourism accounts
for 77.2% of tourism projects, and leisure and vacation tourism projects are the most popular. In terms
of dietary preferences, more than 50% of tourists are
most interested in local specialties.

MATERIALS AND METHODS
KEYWORDS:
Cognitive environmental science, leisure tourism, marketing situation, current situation of tourism resources, target
market

The current situation of leisure tourism marketing. With the deepening of reform and opening
up, China has made rapid progress in leisure tourism.
However, compared with other developed countries,
the tourism industry in China is restricted by many
factors in the development process, which makes the
gap between the two increasingly large.

INTRODUCTION
China has the world's largest source of tourists.
With the rapid economic development, the continuous increase of per capita disposable income has promoted the further increase of the travel rate of Chinese residents. Under the premise of economic development and policy support, the leisure tourism industry has maintained rapid growth for a long period
of time [1-2]. At the same time, with the construction
and popularization of the network infrastructure, the
number of netizens in China has continued to in-

(1) The leisure tourism market is relatively
closed. Leisure tourism is an industry with low investment and high return in China. Therefore, China
adopts monopoly protection for the leisure tourism
industry. That is to say, in the investment process of
the large-scale travel agency in China, not only does
it reject external investment, but it also does not allow cooperation with other foreign countries or
wholly foreign-owned operations [6]. It can be seen
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that the leisure tourism industry in China is not only
inseparable from the source of tourists. The international travel agencies in China are also very scarce,
making its overall strength weak, causing the tourism industry in China to lag behind other developed
countries.

is a country with a legal society, and the legal rights
of leisure tourism enterprises and consumers can be
effectively protected through laws. In the leisure
travel market, the following problems still exist at
this stage:
1) In order to attract customers, leisure travel
companies publish a lot of false information;
2) Defamation of other leisure tourism enterprises, etc.
The above behaviors are very common in the
tourism market. The existence of this phenomenon
not only disturbs the order of the market [11-12], but
also damages the image of itself and other tourism
enterprises, which is very detrimental to the development of the tourism industry. The existence of the
above behaviors will not only cause a large number
of economic disputes and tourist complaints, but will
also increase the burden on the legal undertakings in
China. Therefore, it is necessary to strengthen the legal concept of each tourism industry and adopt corresponding legal measures to regulate the market.

(2) The equipment is relatively backward
and the service quality is poor. Aiming at the development of the domestic tourism industry, we
adopt a self-sufficient development model. Therefore, the investment in China in the leisure tourism
industry is relatively small. In the context of cognitive environmental science, the soundness of tourism
equipment will have an impact. However, in some
areas of China, due to the steep terrain, most of the
civil aircraft cannot reach them directly. At the same
time, coupled with inconvenient transportation and
other factors, the leisure tourism industry in China
has a very negative impact. In addition, poor service
quality is a very common phenomenon in most of the
tourist attractions in China [7-8]. In the process of
tourist travel, not only the tourism products provided
are too single, but most of the products are left behind and are not innovative. In addition, in the process of sales, there are multiple price points, and
even the charging standards for domestic and foreign
tourists are different. Such kind of service attitude
has seriously affected the development of leisure
tourism [9], which has brought a very serious negative impact.

(2) The technological content of leisure tourism marketing is low. Nationalized leisure tourism
marketing has become the main marketing method
in China at this stage. Promoting tourism products
through high-tech marketing methods can not only
reduce marketing expenses, but also obtain satisfactory marketing effects. In view of the actual situation
in China at this stage, China cannot fully introduce
network technology into the leisure tourism market
[13]. The lack of high-tech technical support and corresponding marketing strategies makes the tourism
industry in China unable to integrate National integration. The world is currently in an era of intelligence and information integration. In this era, it is
necessary to comprehensively apply high technology
to the leisure tourism marketing strategy in China to
achieve the goal of comprehensively promoting the
development of the tourism industry.

(3) The information level is low, unable to
meet the needs of national tourism. In the current
era of global information explosion, the information
technology in China has also made rapid progress in
recent years. Currently, network marketing has become the main method of international leisure tourism marketing. However, due to the low level of informatization in China, the tourism industry cannot
keep pace with international tourism. The main propaganda methods adopted in China at this stage are as
follows: 1) TV; 2) Magazine; 3) Newspaper etc.
However, the overall publicity effect of the
above methods is not ideal, and at the same time,
very expensive publicity expenses need to be paid.
At this stage, in China, cash is used for transactions
in the leisure and tourism trading market. This transaction method is not only troublesome, but also has
certain risks, which is very different from the transaction methods of developed countries [10]. Mainly
due to the low level of informatization in China, the
existence of the above problems has seriously hindered the development of leisure tourism in China.

(3) Blind sales price competition in leisure
tourism marketing. Due to the rapid development
of the global tourism industry, competition among
travel agencies has become increasingly fierce. Most
of the domestic travel agencies mainly adopt bidding
methods. Although this marketing method will be
profitable in a short period of time [14], it is more
important from a long-term perspective. In other
words, this behavior will affect the company's own
image, but also not conducive to the company's future development.
(4) There are very serious problems in the after-sales service of leisure tourism marketing. In
the leisure tourism market, tourism products are a
relatively complete concept, which mainly includes
three different types, as shown in Figure 1.
The provision of leisure tourism products can
not only bring visitors psychological enjoyment, but

Problems in leisure tourism marketing. At
this stage, the following problems exist in the marketing of leisure tourism in China:
(1) Weak awareness of the rule of law. China
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also meet their spiritual needs. In a service-oriented
industry such as leisure travel, tourists need to be
served as "God". Therefore, to provide tourists with
tourism products that meet the needs of tourists can
comprehensively promote the development of tourism enterprises [15]. However, a complete and good
after-sales service system for tourism products currently does not exist in most tourism companies, and
some tourism companies believe that they are not
necessary to complete this task. But in fact, providing good after-sales service for tourists can effectively ensure the stability of the source of tourists,
and at the same time can enhance the overall image
of the enterprise, which is very beneficial to the development of the enterprise.

tourism. With the improvement of the economic
level, major reforms have taken place in humans’ traditional values, lifestyles and modes of operation.
People pay more attention to the pursuit of a fulfilling spiritual life. At the same time, leisure travel
has become an important part of human life. Therefore, leisure travel companies need to continuously
innovate to meet the needs of users at all levels.
The overall demand characteristics of leisure
tourism at home and abroad: With the reform and
opening up and the in-depth development of the socialist market economy, the leisure tourism industry
in China is gradually developing into a pillar industry,
and the leisure tourism industry has also been further
expanded. Tourism consumption concepts and levels
are constantly changing, and various new leisure
tourism needs was gradually brought up. Characteristics of domestic leisure tourism demand: According to international experience, once the per capita
income of a country exceeds US$1,000, tourism demand will increase substantially, but it is basically
the demand for sightseeing tourism. When the per
capita income reaches US$2,000, it basically forms
a choice for diversified demand for leisure tourism.
If the income reaches 3,000 US dollars, vacation demand will be generally formed. Figure 3 gives a detailed analysis of the relationship between the World
Tourism Organization on tourism and GDP development:
The law and development trend of domestic leisure tourism market: In recent years, as the development of tourism resources has increased year by year,
the leisure tourism industry in China has been developing rapidly, the scale of market demand has also
been increasing, and its economic contribution to
various regions has also increased year by year [1718].

(5) There are problems in the pursuit of
short-term sales targets in the marketing of leisure travel. At this stage, most of the tourism companies in China have set short-term sales targets. In
the entire tourism industry, few companies can make
a complete annual sales plan. The main reason is that
the sales staff do not understand the tourism products
they sell and do not have a long-term development
strategy. As a result, the development of leisure tourism in China has been stagnant or even regressed.
In the process of leisure travel marketing, there
are four very important marketing factors, as shown
in Figure 2.
If an enterprise wants to develop better and
comprehensively, it must consider all the marketing
factors in Figure 2. If the leisure travel company
blindly pursues short-term sales targets, it will damage the image of the company and it is also not conducive to the long-term development of the entire
company.
(6) Lack of advanced tourism sales concepts.
If a leisure tourism company wants to be competitive,
it must fully integrate the local tourism characteristics and choose an effective way to promote and market tourism products. However, in most of the existing tourism companies at this stage, many companies
do not pay attention to promoting their own image
and characteristics, and cannot timely formulate corresponding tourism product marketing strategies in
accordance with market demand. In the context of
the booming tourism industry, if you want to keep
pace with the times, you need to package itself with
the most advanced concepts [16] to ensure that the
company can inject fresh blood and make the leisure
tourism market gradually mature.

Tangible
Products

Leisure tourism
products

Core Products

Additional
products

RESULTS
Analysis of market demand for leisure tourism. (1) Analysis of market demand for leisure

FIGURE 1
Composition of leisure tourism products.
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distribution of tourists' travel modes is shown in Figure 4.

Leisure tourism
product marketing

(2) Tourist accommodation preferences in
the target market. Analyzing the accommodation
preferences of the target market can fully understand
the needs of tourists for accommodation. Then, we
can design and build good tourist accommodation
conditions in combination with market demand and
local resources to effectively cater to market needs
and fully carry out a reasonable layout.

Tourism price
marketing
Leisure tourism
marketing
factors
Sales Channel
Marketing

(3) Tourist food preferences in the target
market. Tourist food is more attractive to tourists.
Relevant research shows that more than 50% of tourists are most interested in local specialties. More
than 38% of tourists like famous snacks while the remaining tourists like more ecological cuisine.

Tourism product
promotion
marketing

(4) Shopping preferences in the target market. Tourism shopping is a very important part of
tourism activities. It is of great significance for enriching tourists' travel experience and increasing
tourism revenue. Both tourists and tourism operators
pay great attention to tourism shopping.
On the basis of the above analysis, from the
perspective of market demand and resource endowment, a number of different types of tourism products are set separately. Combined with the demand
motivation of the target market, the target population
can be divided into the following types:
1) Cultural leisure crowd;
2) Ecological vacation family;
3) People who keep in good health, etc.
At the same time, the target market can be divided into the following three types:
1) Core market;
2) Expand the market;
3) Opportunity market.
Culture is the soul of leisure tourism, and tourism is the carrier of culture. In the future stage, China
needs to seize the development advantages of different regions in time [20-21], and strive to become a
model of leisure tourism in China. We should focus
on positioning the target market of the leisure tourism industry from the following aspects: 1) Overall
positioning; 2) Theme positioning; 3) Image positioning; 4) Industry positioning; 5) Positioning by
stages.

FIGURE 2
Marketing factors of leisure tourism.
(2) Analysis of the supply of leisure tourism
market. With the increasing demand for leisure tourism at home and abroad, especially Chinese citizens,
various regions in China need to continuously develop characteristic tourism projects on the basis of
giving full play to their own advantages, and effectively improve the specific levels and service functions of tourist attractions to satisfy the diversified
and personalized needs of the tourists.
(3) Segmentation of the leisure tourism market. From a domestic research report on the leisure
and vacation market, it can be seen that the interviewees are very precise in choosing the types of
tourism projects in China. Figure 1 shows the selected different types of tourism projects from the
questionnaire survey on "what type of tourism projects should China develop?"
The data in Table 1 shows that the leisure and
vacation tourism projects are the most popular, and
it can also be seen that the human demand for leisure
and vacation is very large.
Target market positioning and selection of
leisure tourism. (1) Preference for travel methods
in the target market. Traveling is a way to increase
the good feelings between family and friends. Under
the combined effect of various factors such as the
continuous enrichment of tourists' experience and
the continuous changes in travel needs, the travel
methods of tourists have also undergone major
changes, which are mainly reflected in the diversity
and autonomy of choice methods [19]. Based on this
tourism market survey, about 15% of the total number of people who are willing to choose to participate
in group tours, and the remaining tourists are individual tourists. Traveling in groups, self-driving trips
and family trips account for a large proportion. The

CONCLUSIONS
(1) The leisure and vacation tourism projects
account for 77.2%, which are widely liked by people.
Most tourists do not choose to participate in group
tours. In terms of dietary preferences, more than 50%
of tourists are most interested in local specialties.
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FIGURE 3
Analysis of the relationship between the World Tourism Organization on tourism and GDP development.
TABLE 1
Survey results of demand for leisure tourism projects in my country
Types of leisure tourism projects
The proportion/(%)
Leisure vacation
Ecological environment
Cultural heritage
Expedition expansion
Agricultural tourism
Entertainment category
Sports competition
Festival activities
Tourism real estate
Conference and Exhibition

77.2
49.4
18.6
15.1
14.8
14.6
9.7
6.7
3.2
3.1

Percentage of different travel modes/(%)
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FIGURE 4
Distribution structure diagram of tourist travel patterns.
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(2) At this stage, it is necessary to formulate
corresponding leisure tourism marketing strategies
in various aspects such as brand image and product
design, increase market-oriented cooperation and regional tourism cooperation, so as to comprehensively improve the overall image quality and popularity of tourist attractions in China: (1) Enhance the
image of tourism brands in various regions. (2) Expand the overall influence of leisure tourism in various regions. (3) Strengthen the specific impact strategies of natural scenery in different regions. (4) Enhance the historical and cultural competitiveness of
different regions. (5) Create unique selling points for
rural tourism in different regions.
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PDOH PHDQDJH6'\HDUV DQGXQUH
ODWHGKHDOWK\LQGLYLGXDOVDVQRUPDOFRQWUROV3DWLHQWV
ZLWKGLDEHWLFQHXURSDWKLF FRPSOLFDWLRQVRUZLWKQR
FRPSOLFDWLRQVKDYLQJGLDEHWLFDJHRIPLQLPXPILYH
\HDUV ZHUH LQFOXGHG LQ WKLV VWXG\ 7\SH  GLDEHWLF
VXEMHFWVZHUHH[FOXGHG
$SURIRUPDZDVGHVLJQHGIRUREWDLQLQJFRUUHFW
LQIRUPDWLRQKLVWRU\DQGFRQVHQWRISDWLHQWV7KHSD
WLHQWVZHUHVHOHFWHGRQSK\VLFLDQ¶VUHFRPPHQGDWLRQ
IRUGLDEHWLFQHXURSDWKLFFRPSOLFDWLRQ$OOWKHSDUWLF



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

LSDQWVRIWKHVWXG\ZHUHJURXSHGLQWRKHDOWK\LQGL
YLGXDOVDVFRQWUROGLDEHWLFSDWLHQWVZLWKQRFRPSOL
FDWLRQVDQGGLDEHWLFSDWLHQWVZLWKSHULSKHUDOQHXURS
DWK\

$QWKURSRPHWULF$QG&OLQLFDO'DWD7KHLP
SRUWDQW IHDWXUHVRI VXEMHFWV RI DOOJURXSVZHUHUHF
RUGHG,WLQFOXGHVERG\PDVVLQGH[ %0, DJHGLDV
WROLFEORRGSUHVVXUHV\VWROLFEORRGSUHVVXUHDQGGL
DEHWLFDJH%ORRGVDPSOHV PO LQIDVWLQJFRQGLWLRQ
ZHUH FROOHFWHG LQ JHO DQG ('7$ FRQWDLQLQJ WXEHV
IURP SDWLHQWV DQG FRQWURO VXEMHFWV DQG ZHUH VXE
MHFWHGWRELRFKHPLFDODQDO\VLVRIYDULRXVFOLQLFDOSD
UDPHWHUV %LRFKHPLFDO SDUDPHWHUV LQFOXGH IDVWLQJ
EORRGJOXFRVH+E$FEORRGXUHDVHUXPFUHDWLQLQH
OLSLGSURILOH VHUXPFKROHVWHUROVHUXPWULJO\FHULGHV
+'/& /'/&  VHUXP DOEXPLQ DQG FUHDWLQLQH
FOHDUDQFH

*HQRPLF '1$ ([WUDFWLRQ %ORRG VDPSOHV
ZHUHFROOHFWHGIURPWKHQRUPDOFRQWUROVDQGSDWLHQW
JURXSVLQFOXGHGLQWKHVWXG\LQ('7$DQWLFRDJXODQW
XQGHU VWHULOL]HG FRQGLWLRQV ODEHOHG ZLWK LGHQWLILFD
WLRQ QXPEHU DOORWWHG WR HDFK SDUWLFLSDQW DQG WKHQ
VWRUHGDW&LQUHIULJHUDWRU*HQRPLF'1$ZDVH[
WUDFWHGE\DSSO\LQJSKHQROFKORURIRUPPHWKRG7KH
'1$SHOOHWZDVZDVKHGZLWKHWKDQRO FKLOOHG
DW  &  DQG GULHG LQ DQ LQFXEDWRU DW & 7KH
'1$SHOOHWZDVGLVVROYHGLQVXLWDEOHYROXPH ±
O RI7( P07ULVP0('7$ EXIIHU
7KHTXDOLW\RI'1$LQWKHH[WUDFWHGVDPSOHVZDVDQ
DO\]HGRQDJDURVHJHODQGWKHQVWRUHGDW&LQUH
IULJHUDWRUIRUIXUWKHUXVH

3&5$PSOLILFDWLRQ)RU$&(*HQH,'3RO\
PRUSKLVP 7KH ,' SRO\PRUSKLVP RI $&( JHQH
UVZDVGHWHUPLQHGE\SRO\PHUDVHFKDLQUHDF
WLRQ 3&5 3ULPHUVZHUHGHVLJQHGIRUDPSOLILFDWLRQ
RI GLIIHUHQW YDULDQWV RI $&(ƍ &7* *$* $&&
$&7&&&$7&&777&7ƍDVIRUZDUGSULPHUDQG
ƍ*$7*7**&&$7&$&$77&*7&$*$7ƍ
DVUHYHUVHSULPHUZHUHXVHGIRU'1$DPSOLILFDWLRQ
&RQGLWLRQVZHUHRSWLPL]HGIRUSRO\PHUDVHFKDLQUH
DFWLRQ$&(SRO\PRUSKLFIRUPVZHUHDPSOLILHGXV
LQJ  ȝO UHDFWLRQ PL[WXUH FRQWDLQLQJ '1$ GHR[
\QXFOHRWLGHWULSKRVSKDWHV G173V 0J&OSULPHUV
DQGWDTSRO\PHUDVHLQDVWDQGDUG3&5EXIIHURI6ROLV
%LRG\QH

,PDJLQJ $PSOLILFDWLRQ 3URGXFWV 7KH 3&5
SURGXFWV REWDLQHG DIWHU DPSOLILFDWLRQ ZHUH YLVXDO
L]HGRQDJDURVHJHO$JDURVHJHO  ZDVSUHSDUHG
WR DQDO\]H WKH UHTXLUHG 3&5 SURGXFWV E\ PHOWLQJ
DJDURVHSRZGHUJLQPORI;7%( 0
7ULV%RUDWH0('7$S+ LQPLFURZDYH
RYHQIRUPLQXWHVDQGO(WKLGLXPEURPLGH 
JPO  WR YLVXDOL]H WKH '1$ DIWHU HOHFWURSKRUHVLV
7KH3&5SURGXFW O PL[HGZLWKO;WUDFNLQJ
G\HZDVORDGHGLQWRWKHZHOOVRIJHO(OHFWURSKRUHVLV
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ZDVDFFRPSOLVKHGDWIRUPLQXWHV7KHDPSOL
ILHGSURGXFWVZHUHYLVXDOL]HGRQ89WUDQVLOOXPLQD
WRU$UHSUHVHQWDWLYHLPDJHRIWKHJHOHOHFWURSKRUHVLV
LVVKRZQLQ)LJXUH

6WDWLVWLFDO $QDO\VLV 7KH GDWD ZDV FROOHFWHG
DQG VWDWLVWLFDO DQDO\VLV ZDV GRQH E\ DSSO\LQJ
0LQLWDE VRIWZDUH 7KH UHVXOWV ZHUH SUHVHQWHG DV
PHDQ6')RUFRPSDULVRQDPRQJJURXSVRQHZD\
$129$RUVWXGHQW¶VWWHVWZDVXVHG7KHSYDOXH




)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

DQGRGGVUDWLRVRI$&(JHQH,'DOOHOHIUHTXHQFLHV
DQG JHQRW\SHV IRU SDWLHQWV DQG KHDOWK\ LQGLYLGXDOV
ZHUH FDOFXODWHG E\ RQOLQH VWDWLVWLFDO VRIWZDUH
KWWSVZZZPHGFDOFRUJFDOFRGGVBUDWLRSKS  $
P YDOXH ZDV UHJDUGHG DV VWDWLVWLFDOO\ VLJQLIL
FDQW +DUG\±:HLQEHUJ HTXLOLEULXP ZDV HPSOR\HG
IRULGHQWLILFDWLRQRIGLIIHUHQFHVLQJHQRW\SHDQGDO
OHOHIUHTXHQFLHV



),*85(
$UHSUHVHQWDWLYHLPDJHRIJHOHOHFWURSKRUHVLVRI$&(JHQHSRO\PRUSKLVP/ '1$ODGGHU ES ODQH
FRQWURODQGGLDEHWLFVDPSOHVESKRPR]\JRXV,,DQGESKHWHUR]\JRXV,'ESKRPR
]\JRXV''

7$%/(
&OLQLFDODQGGHPRJUDSKLFFKDUDFWHULVWLFVRISDWLHQWVDQGFRQWUROV
Characteristics
Controls
DM Normal
DPN
1XPEHU



$JH \HDUV 



%0, NJP 
)%6 PJGO 
+E$F  
&KROHVWHURO PJGO 
+'/F PJGO 
/'/F PJGO 
7* PJGO 
85($ PJGO 
&U PJGO 































6$OEXPLQ JGO 
&U&O POPLQ 
6%3 PP+J 
'%3 PP+J 
'LDEHWLFDJH \HDUV 



















5HVXOWVDUHVKRZQDV0HDQ6'3
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7$%/(
)UHTXHQFLHVRI$&(,'JHQRW\SHVDQGDOOHOHVLQSDWLHQWVDQGFRQWURO
Genotype/Allele
Control
DM Normal
DPN

''
  
  
  
,'
  
  
  

,,
  
  
  
*HQRW\SH)UHTXHQFLHV

'



$OOHOH
,



)UHTXHQFLHV

7$%/(
$&(JHQRW\SHJURXSV '','DQG,, FRPSDULVRQDQGIUHTXHQF\GLVWULEXWLRQRI
DOOHOHV 'DQG, LQVWXG\JURXSV
Odd Ratio (OR)
95 % Confidence interval (CI)
P-value
Study
Group



''
,'
,,
''
,'
,,
''
,'
,,
Control   






vs DPN



Control   






vs DM


DM vs
  






DPN




5(68/76

7KH FOLQLFDO DQG GHPRJUDSKLFDO LQIRUPDWLRQ¶V
RIWKHVWXGLHGJURXSVZHUHSUHVHQWHGLQ7DEOH$OO
SDUDPHWHUVLQFOXGLQJJHQGHUDJHGXUDWLRQRIGLDEH
WHVERG\PDVVLQGH[ %0, +E$FVHUXPXUHDVH
UXPFUHDWLQLQHOLSLGSURILOH VHUXPWULJO\FHULGHVWR
WDOFKROHVWHURO+'/F/'/F VHUXPDOEXPLQFUH
DWLQLQHFOHDUDQFHOLYHUIXQFWLRQWHVWV %LOLUXELQWR
WDO $/7 $ONDOLQH SKRVSKDWDVH  V\VWROLF DQGGLDV
WROLFEORRGSUHVVXUHZHUHDQDO\]HG7KHGLDEHWLFDJH
RI'31SDWLHQWVZDVVLJQLILFDQWO\KLJKDVFRPSDUHG
WR '0 SDWLHQWV ZLWK QR FRPSOLFDWLRQV S 
)DVWLQJEORRGJOXFRVHOHYHO PJGO ZDVVLJQLILFDQWO\
3  KLJK DV FRPSDUHG WR QRUPDO FRQWUROV
+E$FOHYHOZDVDOVRVLJQLILFDQWO\KLJKLQSDWLHQWV
ZLWK '31 DQG ZLWKRXW QHXURSDWK\ DV FRPSDUHG WR
QRUPDOFRQWUROVXEMHFWV 3 6LPLODUO\WKHOLSLG
SURILOH FKROHVWHUROWULJO\FHULGHV+'/FDQG/'/
F ZDVVLJQLILFDQWO\KLJKLQ'31SDWLHQWVLQFRPSDU
LVRQWRFRQWUROV 3 UHVSHFWLYHO\5HQDO)XQF
WLRQWHVWVDOVRKDYHVLJQLILFDQWGLIIHUHQFH S 

$&(*HQRW\SH$QG$OOHOH)UHTXHQFLHV7KH
$&( JHQH ,' SRO\PRUSKLVP JHQRW\SHV '' ,'
DQG,' DQGDOOHOH 'DQG, IUHTXHQFLHVDUHVKRZQ
LQ7DEOHDQG7KHIUHTXHQF\RI''JHQRW\SHZDV
LQFRQWUROVLQ'0ZLWKQRFRPSOLFD
WLRQVDQGLQ'31SDWLHQWV:KHUHDVWKHIUH
TXHQF\RI,'JHQRW\SHZDVLQFRQWUROVLQ
'0ZLWKQRFRPSOLFDWLRQVDQGLQ'31SD
WLHQWV 6LPLODUO\ WKH IUHTXHQF\ RI ,, JHQRW\SH ZDV
 LQ FRQWUROV  LQ '0 ZLWKQR FRPSOLFD
WLRQVDQGLQ'31SDWLHQWV$VIRUDVWKHDOOHOH
IUHTXHQFLHVDUHFRQFHUQHGWKH'DOOHOHZDVLQ

FRQWUROVLQ'0ZLWKQRFRPSOLFDWLRQVDQG
LQ'31SDWLHQWV7KHIUHTXHQF\RI,DOOHOHLVLQ
FRQWUROVLQ'0ZLWKQRFRPSOLFDWLRQVDQG
LQ'31SDWLHQWVDVZDVREVHUYHGWKH+DUG\:HLQ
EHUJ HTXLOLEULXP )URP WKH DERYH LQIRUPDWLRQ LW LV
HYLGHQW WKDW WKH SUHYDOHQFHRI''JHQRW\SH DQG'
DOOHOHLVVLJQLILFDQWO\KLJKHULQSDWLHQWVZLWK'31LQ
FRPSDULVRQWRFRQWUROVDQG'0ZLWKQRFRPSOLFD
WLRQV 3 DQG3 UHVSHFWLYHO\ 0RUHRYHU
LWLVSHUFHLYHGWKDW³'´DOOHOHLVPRUHZLGHVSUHDGLQ
RXUSRSXODWLRQLQFRPSDULVRQWR³,´DOOHOH
7KHGLVWULEXWLRQJHQRW\SHVRIWKHVWXG\JURXSV
ZHUH FRPSDUHG E\ XVLQJ RQ OLQH VRIWZDUH DQG RGG
UDWLRFRQILGHQFHLQWHUYDODQG3YDOXHZHUHFDO
FXODWHG 7KH UHVXOWV ZHUH QRQVLJQLILFDQW EHWZHHQ
'0 ZLWKRXW FRPSOLFDWLRQ DQG QRUPDO FRQWUROV
3! 7KHSDWLHQWVZLWK'31ZKHQFRPSDUHGWR
QRUPDO FRQWUROV WKH KRPR]\JRXV '' JHQRW\SH RI
$&(JHQHZDVIRXQGZLWKVLJQLILFDQWO\KLJKHUIUH
TXHQF\ LQ SDWLHQWV ZLWK QHXURSDWK\ 25 
&,3  ZKLOHKHWHUR]\
JRXV³,'´JHQRW\SHZDVVLJQLILFDQWO\KLJKHULQFRQ
WUROVDVFRPSDUHGWR'31SDWLHQWV 25
&,  S   6LPLODUO\ ZKHQ QRU
PDOGLDEHWLFVZHUHFRPSDUHGZLWK'31SDWLHQWVWKH
³''´ZDVIRXQGWREHVLJQLILFDQWO\KLJKHULQ'31
WKDQ'0ZLWKQRFRPSOLFDWLRQV 25
&,3  7KH,'JHQRW\SHZDV
VLJQLILFDQWO\JUHDWHU 25&,
 3   LQ '0 SDWLHQWV ZLWKRXW FRPSOLFD
WLRQVZKHQFRPSDUHGWR'31SDWLHQWV7KHKRPR]\
JRXV,,JHQRW\SHZDVQRWVLJQLILFDQWO\UHODWHGDQGLWV
RYHUDOOIUHTXHQF\ZDVYHU\PXFKOHVVLQRXUSRSXOD
WLRQ 7KH JUDSKLFDO UHSUHVHQWDWLRQ RI JHQRW\SH DQG
DOOHOHIUHTXHQFLHVLVVKRZQLQ)LJXUHDQG
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),*85(
$&(JHQH,'SRO\PRUSKLVP*HQRW\SHIUHTXHQFLHVRI'0QRUPDO'31SDWLHQWVDQGKHDOWK\LQGLYLGXDOV



),*85(
$&(,'DOOHOHIUHTXHQFLHVRI'0QRUPDO'31SDWLHQWVDQGKHDOWK\LQGLYLGXDOV

',6&866,21

7KHSRO\PRUSKLVPLQ$&(JHQHKDVEHHQH[
WHQVLYHO\ VWXGLHG LQ PDQ\ SRSXODWLRQV ZLWK LQFRQ
VLVWHQWFRQIOLFWLQJGDWD,QDQLUHWDOZRUNHGRQ7XUN
LVK SRSXODWLRQ DQG IRXQG WKDW SDWLHQWV ZLWK '31
KDYH VLJQLILFDQWO\ JUHDWHU IUHTXHQFLHV RI KRPR]\
JRXV''JHQRW\SHDQG'DOOHOHZKHQFRPSDUHGWR
FRQWURO JURXS 25   &, ±
3  ,WPHDQVWKDW'DOOHOHLVVXVFHSWLELOLW\HOH
PHQWIRU'31EXWWKHSURWHFWLYHHIIHFWRI,,JHQRW\SH
ZDVDOVRQRWVXJJHVWHGEHFDXVHRIVWDWLVWLFDOO\QRQ
VLJQLILFDQFH DQG DOVR VXJJHVWHG WKDW JHQGHU KDV QR
VLJQLILFDQWHIIHFWRQ$&(JHQRW\SHLQSDWLHQWVZLWK
'31>@
6LPLODUO\&DXFDVLDQSRSXODWLRQZDVWHVWHGE\
0DQVRRUHWDOUHJDUGLQJ$&(JHQHSRO\PRUSKLVP
DQGLWZDVFRQFOXGHGWKDWSDWLHQWVZLWKRXW'31KDYH
VLJQLILFDQWO\KLJKHUIUHTXHQFLHVRI,,JHQRW\SH$O
OHOHIUHTXHQFLHVZHUHQRWGLIIHUHQWLQERWKJURXSVEXW
LWZDVIXUWKHUGHVFULEHGWKDW,,JHQRW\SHKDVSURWHF
WLYH HIIHFW DJDLQVW '31>@ -XUDGR HW DO VWDWHG LQ
&DXFDVLDQVIURP1RUWK&DWDORQLDWKDW,'JHQRW\SH

KDV SURWHFWLYH HIIHFW DJDLQVW '31 55 
3   >@ EXW WKH VDPH W\SH RI VWXG\ ZDV FRQ
GXFWHGLQ&DXFDVLDQVE\'HJLUPHQFLHWDOZLWKFRQ
WUDGLFWRU\UHVXOWVRIVLJQLILFDQWO\KLJKHUIUHTXHQFLHV
RI,'JHQRW\SHLQFRPSDULVRQWR,,LQ'31SDWLHQWV
EXWZLWKQRVLJQLILFDQFHLQDOOHOHIUHTXHQFLHV,WZDV
IXUWKHUVWDWHGWKDW,'JHQRW\SHLVWKUHDWIRU'31DQG
WKH$&(DFWLYLW\RIKRPR]\JRXV''LVWZLFHKLJKHU
WKDQKRPR]\JRXV,,JHQRW\SH>@
7KH IUHTXHQFLHV RI $&( JHQRW\SHV LQ ERWK
JURXSV DPRQJ $VLDQ SRSXODWLRQ ZHUH IRXQG WKH
VDPHE\,WRHWDOEXW'31SDWLHQWVKDGVLJQLILFDQWO\
KLJKHUIUHTXHQF\RI,DOOHOH7KHSURWHFWLYHHIIHFWRI
'DOOHOHDJDLQVW'31ZDVDOVRUHFRPPHQGHGLQWKH
VDPHVWXG\ 25&,±3  
>@ 7KH DVVRFLDWLRQ RI ' DOOHOH ZLWK '31 LQ IH
PDOHVEXWQRWLQPDOHZDVUHSRUWHGE\6WHSKHQVHWDO
,WZDVIXUWKHUDGGHGWKDWWKHUHLVDUROHRIHVWURJHQ
RQ WKHUHJXODWLRQRI $&( DFWLYLW\>@7KH DVVRFLD
WLRQRI'DOOHOHZLWKGLDEHWHVDQGVHUXP$&(DFWLY
LW\ZDVUHSRUWHGLQFHUWDLQVWXGLHV>@
$QRWKHU VWXG\ E\ &RVWDFRX HW DO LQ ZKLFK LW
ZDVUHSRUWHGWKDWKLJKSODVPD$&(OHYHOVZDVIRXQG
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LQ  '31 SDWLHQWV ZLWK '' JHQRW\SH DQG LW FDXVHV
QHUYHGDPDJHE\WULJJHULQJR[LGDWLYHVWUHVVDQGSUR
LQIODPPDWRU\PHFKDQLVPVZKLFKUHVXOWVLQVXOLQUH
VLVWDQFH>@&RSS\ HW DO DOVR UHSRUWHG WKH UROH RI
$&(LQKLELWRUVDQGDQJLRWHQVLQUHFHSWRUDQWDJRQLVW
,WZDVVWDWHGWKDWGLDEHWHVLQGXFHGQHXUDODQGYDVFX
ODUG\VIXQFWLRQFDQEHUHYHUVHGRUSUHYHQWHGE\XV
LQJWKHDERYHPHGLFLQH>@,QFHUWDLQVWXGLHVLWZDV
FRQFOXGHGWKDWWKHUHLVQRSURSHUDQGHIIHFWLYHWUHDW
PHQWRSWLRQIRUWUHDWLQJ'31DVVRFLDWHGPRUELGLW\
6LJQLILFDQW VWHSV VKRXOG EH WDNHQ WR FXUH R[LGDWLYH
VWUHVV DQG QHUYH GDPDJH DVVRFLDWHG ZLWK GLDEHWHV
> @ 6HWWLQ HW DO UHSRUWHG LQ (J\SW SRSXODWLRQ
WKDW WKH SDWLHQWV ZLWK '' JHQRW\SH KDYH WKUHHIROG
PRUH FKDQFHV RI GHYHORSLQJ '31 ZLWK 25 
3 >@
%HVLGHV WKH LQFRQVLVWHQWFRQWURYHUVLDO UHVXOWV
WKHUHDUHVRPHVWXGLHVLQZKLFK$&(JHQH,'SRO\
PRUSKLVPDQGLWVUROHDVKD]DUGIDFWRUIRU'31ZDV
SUHVHQWHG)LUVWPHWDDQDO\VLVZDVFRPSRVHGRIQLQH
VWXGLHVDQGRIZKLFKILYHZHUHRQ$VLDQV&DXFDVLDQ
SRSXODWLRQV ,Q VXFK VWXGLHV WKH ' DOOHOH ZDV SUH
VHQWHGDVVLJQLILFDQWDOOHOHDQGLWVDVVRFLDWLRQZDVUH
SRUWHGZLWK'31 DOOHOHPRGHO25&,
± 3  GRPLQDQW PRGHO 25 
 &, ± 3   >@ 6HYHQ VWXGLHV
ZHUHSUHVHQWLQWKHVHFRQGPHWDDQDO\VLVZLWK
SDWLHQWVDQGQRUPDOLQGLYLGXDOVDVFRQWURO7KH
VLJQLILFDQW UHODWLRQVKLS RI ' DOOHOH ZLWK GDQJHU RI
'31 LQ W\SH  GLDEHWLF SDWLHQWV ZDV FRQFOXGHG LQ
WKHVH VWXGLHV 25   &, ±
3  >@$WRWDORIVHYHQFDVHFRQWUROVWXGLHV
ZLWKGLDEHWLFDQGQRUPDOLQGLYLGXDOVZHUHLQ
FOXGHG LQ WKH PHWDDQDO\VLV 7KH UHVXOWV FRQFOXGHG
WKDW''DQG,'JHQRW\SHVRI$&(JHQHDUHDVVRFL
DWHG ZLWK '31 25 RI   &, ±
3   >@ 2XU VWXG\ FRQGXFWHG RQ WKH DVVRFLD
WLRQRI,'SRO\PRUSKLVPRI$&(JHQHZLWK'31LV
DQDORJRXVWRVRPHRIWKHSUHYLRXVVWXGLHVEXWFRQ
WUDGLFWRU\WRRWKHUV3DNLVWDQLVPXOWLHWKQLFFRXQWU\
DQGLWVSRSXODWLRQLVHWKQLFDOO\GLIIHUHQWLQDOOLWVIRXU
3URYLQFHV
:KHQSDWLHQWVZLWK'31ZHUHFRPSDUHGZLWK
WKHQRUPDOFRQWUROWKHKRPR]\JRXV³''´JHQRW\SH
ZDV IRXQG KLJKO\ VLJQLILFDQW LQ SDWLHQWV ZLWK '31
25   &,  3  
ZKLOH KHWHUR]\JRXV ³,'´JHQRW\SH ZDVKLJKO\ VLJ
QLILFDQW LQ FRQWUROV LQ FRPSDULVRQ WR SDWLHQWV ZLWK
'31 25   &, 
S   6LPLODUO\ ZKHQ QRUPDO GLDEHWLFV ZHUH
FRPSDUHG ZLWK '31 SDWLHQWV WKH ³''´ JHQRW\SH
ZDV IRXQG WR EH VLJQLILFDQWO\ KLJKHU LQ '31 WKDQ
'0 ZLWK QR FRPSOLFDWLRQV 25   &,
 3   7KH ,' JHQRW\SH ZDV
VLJQLILFDQWO\JUHDWHU 25&,
 3   LQ'0 SDWLHQWV ZLWKRXW FRPSOLFD
WLRQVZKHQFRPSDUHGWR'31SDWLHQWV7KHVLJQLIL
FDQWO\ KLJK IUHTXHQFLHV RI KRPR]\JRXV '' JHQR
W\SHLQGLDEHWLFQHXURSDWKLFSDWLHQWVZKHQFRPSDUHG
WR KHDOWK\ FRQWUROV DQG GLDEHWLF SDWLHQWV ZLWKRXW



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

FRPSOLFDWLRQVVKRZVWKDW''JHQRW\SHDQG'DOOHOH
LVDWKUHDWIDFWRUIRUWKHDGYDQFHPHQWRISHULSKHUDO
QHXURSDWKLFFRPSOLFDWLRQVLQRXUSRSXODWLRQ2QWKH
RWKHUKDQGWKHVLJQLILFDQWO\KLJKIUHTXHQFLHVRIKHW
HUR]\JRXV ,' JHQRW\SH LQ FRQWUROV DQG LQ '0 SD
WLHQWVZLWKRXWFRPSOLFDWLRQLQGLFDWHVWKDW,'JHQR
W\SH PD\ KDYH VRPH SURWHFWLYH HIIHFW WR GHOD\ WKH
RQVHWRIFRPSOLFDWLRQV


&21&/86,21

2QWKHEDVLVRIWKHVHILQGLQJVLWLVVXJJHVWHG
WKDW''JHQRW\SHRI$&(JHQH,'SRO\PRUSKLVPLV
VXVFHSWLELOLW\ULVN IDFWRU IRU WKH GHYHORSPHQW RI
'31DQGVLJQLILFDQWVWHSVVKRXOGEHWDNHQWRDYRLG
'31LQ3DNLVWDQLSRSXODWLRQ


$&.12:/('*(0(176

:HZRXOGOLNHWRWKDQN$VVRFLDWH'HDQRI5H
VHDUFK3URIHVVRU'U=DKLG1D]DUDW/DG\5HDGLQJ
+RVSLWDO3HVKDZDU3DNLVWDQIRUKLVVXSSRUW6SHFLDO
WKDQNVWRWKHYROXQWHHUVZKRFRRSHUDWHGDQGPDGH
WKLVVWXG\VXFFHVVIXO

(WKLFV $SSURYDO 7KH HWKLFDO DSSURYDO ZDV
DFKLHYHG IURP ,QVWLWXWLRQDO 5HVHDUFK DQG (WKLFV
%RDUG 3RVWJUDGXDWH 0HGLFDO ,QVWLWXWH DQG 0HGLFDO
7HDFKLQJ,QVWLWXWLRQ/DG\5HDGLQJ+RVSLWDO3HVKD
ZDU .K\EHU 3DNKWXQNKZD 3DNLVWDQ 5HIHUHQFH
1R,5(%3*0,/5+ 


5()(5(1&(6

>@ 0DKVXG 0$- .KDQ $ DQG  +XVVDLQ -
 +HPDWRORJLFDOFKDQJHVLQWREDFFRXVLQJ
W\SHGLDEHWLFSDWLHQWV*-06  
>@ &KR16KDZ-(.DUXUDQJD6+XDQJ<
'D5RFKD)HUQDQGHV-'2KOURJJH$:DQG
0DODQGD%  ,')'LDEHWHV$WODV*OREDO
HVWLPDWHV RI GLDEHWHV SUHYDOHQFH IRU  DQG
SURMHFWLRQVIRU'LDEHWHV5HV&OLQ3UDFW
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APPLICATION OF DOUBLE LAYER TROMBE WALL IN
CHINESE APARTMENTS
Shimeng Wang*, Hiroatsu Fukuda
Faculty of International Environmental Engineering, The University of Kitakyushu, Fukuoka 802-0005, Japan

them as a method of making food, such as salt
making and salted fish [7]. With the declining fossil
fuels, solar energy has become an important part of
human energy use and has been continuously developed. There are two ways to use solar energy:
light-to-heat conversion and photoelectric conversion. Solar energy is the most direct and simple
clean energy that can be used by buildings without
secondary pollution. Through reasonable architectural design and the use of advanced building components, it can ensure the maximum use of solar
energy and reduce the energy consumption of
buildings [8-12]. Therefore, making full use of
China's abundant solar energy resources and vigorously developing solar buildings has become an
effective way to reduce building energy consumption at this stage [13]. Among solar buildings, passive solar houses have a simple structure, economy,
and significant energy-saving effects [14]. The existing technology can already compete with conventional fuel heating, and has broad development
space and prospects in China. In terms of climate,
in China, the hot summer and cold winter area is a
relatively special area, which belongs to the northernmost part of the non-centralized heating area,
especially the area near the Qinling and Huaihe
River, where the demand for warmth in winter is
relatively high [15]. At the same time, this area is a
developed area of the domestic economy, and its
GDP is close to about half of the country. With the
rapid development of the economy, these areas have
more and more requirements for the thermal environment comfort of residential buildings in summer
and winter [16-18]. Therefore, to control the indoor
thermal environment in this area, it is a necessary
and urgent task to select suitable energy-saving
technologies.
The Trombe wall is an indirect revenue type
solar heating system. The outermost layer of the
Trombe wall is a layer of transparent glass, which
preserves heat while not blocking the penetration of
sunlight. The inner side of the glass uses better heat
storage performance [19-21]. The material is used
as a heat-collecting wall, and the outer surface of
the heat-collecting wall is coated with absorption
paint to enhance the heat absorption capacity. The
upper and lower ends of the heat-collecting wall are
equipped with open and closed vents to exchange
indoor and outdoor air. There is an air layer space

ABSTRACT
Passive solar energy technologies such as
Trombe wall can use the role of solar energy as a
renewable resource to optimize indoor comfort
through heat storage and ventilation as needed.
Therefore, it is necessary to analyze and study the
applicability of Trombe wall in apartment buildings
in this area. This article researches The application
of double layer Trombe wall in Chinese apartments
through literature research and field investigation.
The temperature, relative humidity, and wind speed
test results show that the design of the double mezzanine Trombe-wall apartment can effectively use
good draught wind, and the design is more reasonable. When the height is constant, the design parameters for maximizing the utilization of solar light
and heat on the exterior surface of the building are
as follows: the minimum area width is 54 m and the
maximum depth is 21 m, and the utilization rate is
72.8%; The maximum design parameters for the
surface solar photovoltaic utilization rate are 105 m
for the surface width and 21 m for the depth, and
the utilization rate is 29.6%.
KEYWORDS:
Double layer, Trombe wall, Energy consumption, Sustainable development

INTRODUCTION
China's buildings consume a large amount of
energy and consume a lot of energy, which has become a prominent problem restricting the sustainable development of China's economy and society
[1]. With the continuous acceleration of China's
economic and social development and urbanization,
building energy consumption is continuing to rise
rapidly, and its share of energy consumption in the
whole society is increasing, and it will continue to
rise from the current 35% [2-5]. Solar energy is a
kind of renewable energy. It refers to the heat radiation energy of the sun, which is mainly expressed as
the sun's rays. Since the birth of life on the earth, it
has mainly survived by the heat radiation provided
by the sun [6]. Since ancient times, humans have
also understood that the sun can dry objects and use
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between the hot wall and the glass. When the sun
shines directly on the air in the air layer, the temperature of the air is heated and the density of the
air is different from that of the outdoor air [22]. The
hot air rises, in this way the air forms a circulation.
To achieve the effect of heat collection and ventilation of the Trunbu wall.
The shortcomings of the traditional Trombe
wall are: the heat-collecting wall materials are
mostly concrete and bricks, and the heat storage
capacity needs to be improved. The heat-collecting
wall uses dark paint, which is opaque and affects
the appearance of the facade. The thickness of the
heat-collecting wall Most of them are 16 inches,
which is too bulky; the disadvantages of ordinary
flat glass are: summer sun can not be solved; the
light entrance surface is narrow [23].
The purpose of this research is to overcome
the shortcomings of the existing technology and
provide a double mezzanine Trombe wall, which
has strong heat storage capacity, is light and beautiful, and saves costs, and studies its application in
Chinese apartments.

cold, open the air vent at the bottom of the wall for
indoor air. In order to maintain the temperature, if
the outdoor temperature is still relatively moderate,
open the vent of the glass layer.
RESULTS
Test Analysis of Typical Chinese Apartment.
Analysis of temperature, relative humidity and
wind speed test results. When the outdoor wind
speed is high, the indoor wind speed increases accordingly. The indoor wind speed in the living room
and study room is larger than other rooms. The average indoor wind speed in each room is 0.16 m/s
in the living room, 0.13 m/s in the study, 0.10 m/s
in the master bedroom, 0.10 m/s in the second bedroom, and 0.07 m/s in the kitchen (Figure 1). This is
because the apartment is facing north-south, and the
dominant wind direction is northwest wind. The
wind enters the room from the north-facing living
room window and the master bedroom window, and
flows out of the room through the study window
and the second bedroom window. Affected by the
wind pressure, in these 2 rooms There is a higher
wind speed in the room. This shows that the design
of the apartment can effectively use good draughts,
and the design is more reasonable.
In the morning, the outdoor temperature did
not fluctuate much, until 15:00 the weather turned
into light rain, the outdoor temperature dropped,
and it became clear after the rain, and the temperature began to rise after 15:40. When the doors and
windows are opened, they are affected by the outdoor temperature and fluctuate. When the doors and
windows are closed, the indoor temperature is relatively stable throughout the day. The fluctuation
range is 28.3̚28.7Ԩ. The indoor temperature difference between opening doors and windows and
closing doors and windows after rain is large,
reaching 1.9Ԩ at the maximum (Figure 2). It can be
clearly seen from the figure that in rainy weather,
the indoor temperature after opening doors and
windows and using natural ventilation is significantly lower than that of closing doors and windows. Combining the test data, it can be seen that
the wind speed of the outdoor and the windows of
each room is relatively high at this time, indicating
that the use of natural ventilation in rainy weather
and after rain can effectively reduce the indoor
temperature and improve the indoor thermal environment.
It is a scatter diagram of the indoor and outdoor humidity changes in the apartment, which is
similar to the indoor and outdoor humidity changes.
When the doors and windows are closed, the indoor
relative humidity changes smoothly, and the opening of doors and windows is greatly affected by the
outdoor, especially during the period of light rain,
the relative humidity of the outdoor and doors and

MATERIALS AND METHODS
Literature research: Collect and summarize
useful information and data and conduct research
through literature search on databases such as Web
of Science, ScienceDirect, SpringerLink, Wiley
Online, Scopus, CNKI, etc.
Field inspection: through visits and surveys
of apartments in more than 10 major cities in China,
exchanges and communications with designers,
engineers, construction experts and construction
personnel, and obtained first-hand information.
How the trombo wall works. Summer ventilation mode. In summer, when the Trombe wall is
made to cool, the buoyancy generated by the air
between the wall and the glass causes the indoor air
to be sucked out from the air outlet at the bottom of
the wall, and the indoor air can get fresh outdoor air
through the window or other ventilation holes.
Complete the entire process of pulling out and ventilating. In very hot areas, the temperature during
the day is very high. At this time, the cooling effect
of ventilation is not obvious. Fortunately, the
Trombe wall can provide considerable heat insulation, while at night, the ventilation effect will be
greatly reduced. The effect of the heat absorbed by
the Trombe wall during the day on the interior,
bringing the hot indoor air to the outside.
Winter heat storage mode. In the winter heat
storage mode, air enters the space between the glass
layer and the wall from the air intake at the bottom
of the Trombe wall. If the outdoor air is relatively
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(a)

(b)
FIGURE 1
Wind speed change results in each room
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(a)

(b)
FIGURE 2
Indoor and outdoor air temperature
windows is large when the doors and windows are
opened, the maximum outdoor is 88.9%, and the
indoor is 80.89%.

of the air interlayer, the amount of ventilation will
increase as the width of the air passage increases.
The reason is to increase the import and export area
and reduce the loss caused by the main resistance.
For a certain heat flow, the increase in ventilation
will result in a decrease in the temperature of the
heat collecting surface, which will result in a decrease in the air thermal compression power. The
reduction of air thermal compression power and the

Analysis of factors affecting ventilation.
Width of air interlayer. When the width of the
inlet and outlet is always the same as the width of
the air interlayer, that is to say, when the area of the
inlet and outlet is equal to the cross-sectional area
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FIGURE 3
Indoor and outdoor air humidity
increase of inlet and outlet area lead to the decrease
of average air velocity. Therefore, when the width
of the air passage is increased to a certain extent,
the ventilation volume will also decrease (Fig.3).
The effect of ventilation is better when the air passage is around.

number of insulation layers of the collector have an
effect on the temperature of the collector surface,
which in turn affects the ventilation. The Trunbu
wall absorbs more heat in the double-layer glass
cover than the single-layer glass cover. The more
absorbed heat can increase the ventilation rate to
11-17%.

Solar radiation intensity. The physical quantity that represents the strength of solar radiation is
called solar radiation intensity, that is, the solar radiation energy projected vertically onto a unit area
in a unit time. The solar radiation intensity of the
upper boundary of the atmosphere depends on the
altitude of the sun, the distance between the sun and
the earth, and the duration of sunshine. The greater
the solar altitude, the greater the intensity of solar
radiation.
The ventilation rate increases as the heat collecting surface absorbs solar radiation heat. The
average temperature of the Trombe wall also increases as the heat collecting surface absorbs solar
radiation heat. However, because of the heat dissipation of the wall, the temperature increase is not
linear.

Calculation and Evaluation of Solar Radiation of Single Apartment. The flat width of the
apartment building is 54 ~ 105 m, the building
depth is 15 ~ 21 m, the number of floors is 6 and
the height is 21 m. Therefore, according to the value range of the surface width and depth, take the
minimum surface width depth and the maximum
surface width depth to model separately, that is,
create two rectangles of 54 m×15 m×21 m and 105
m×21 m×21 m. Use this as a basic model for the
potential of solar energy utilization. Simultaneously
model the above two basic models in the analysis
software. The orientations are both positive south.
The weather parameters call Weather DATA database data. The calculation content is set to calculate
the annual solar radiation reception on the building
surface. The calculation time is January 1 to December 31.
In the case of a certain building height, regardless of the value of the surface width and depth
of the building plan, the solar radiation per unit area
of the south-facing facade of the building is equal,
that is, the solar radiation per unit area of the
south-facing facade is unobstructed. Not affected by
changes in design parameters. The external surface
of the building of the 54 m×15 m×21 m initial

Height of collector. The height of the collector body of the Trombe wall has an effect on the
buoyancy of the air in the channel, which in turn
affects the ventilation volume. The higher the heat
collector, the lower the average temperature of the
air in the air interlayer, and the lower the density,
the greater the buoyancy and the greater the ventilation.thermal insulation
The glass cover of the Trombe wall and the
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(a)

(b)
FIGURE 4
The statistical data of solar radiation
model is calculated for solar radiation, and the
compagnion standard is used as the evaluation index. The statistical data is shown in Figure 4.

gy consumption and high energy consumption of
Chinese buildings have become a prominent problem restricting the sustainable development of our
country. The hot summer and cold winter area is a
decentralized heating area at the northern end of our
country. In winter, the indoor temperature of apart-

Significance of the application of Trombe
wall in Chinese apartments. The large total ener-
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ment buildings is relatively low. In addition, this
area is an economically developed area. The increasing living standards and environmental
awareness of people also make Trombe passive
solar technology such as the wall has the potential
for development in this area. The Trombe wall has
the function of accumulating solar heat during the
day and radiating heat indoors at night to achieve
the purpose of heat preservation. Therefore, from
the perspective of the building type and the function
of the Trombe wall, the combination of the Trombe
wall and the apartment building is also very good.
suitable. At the same time, as a kind of passive solar
technology, the trombo wall, whether it is a heat
storage function or a ventilation function, the
source of energy is from the sun, a renewable clean
energy, and it is appropriate to use clean energy to
assist in regulating the apartment interior. It can
save a considerable part of energy, and as an economically developed area in China, the hot summer
and cold winter area has particularly higher requirements for indoor comfort. Therefore, whether
it is based on environmental protection or energy
conservation, this area is very suitable for solar
energy. The need for clean energy to replace
non-renewable energy is very urgent. The Trombe
wall can be successfully applied, which is of
far-reaching significance to this region.
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The temperature, relative humidity, and wind speed
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economic development can better protect the ecological environment. Conversely, if people only realize
short-term economic benefits and ignore environmental damage, they will cause serious environmental damage. The ecological environment will eventually affect the economy and hinder its rapid development [1-2]. The purpose of the coordinated development of the ecological environment and the economy
is to reduce the damage to the environment as much
as possible while the economy is developing rapidly.
The development of a benign economy within the
scope of environmental carrying capacity, that is,
seeking a coordinated relationship between ecological environment and economic development, has become an unavoidable problem in this era. From the
perspective of coordinated development, ecological
environment and economic development are an indispensable part of the coordinated development system. Only by protecting the environment in economic development and carrying out economic activities in environmental protection can people create
a good economic cycle [3]. They coordinate and depend on each other.
With the emergence of environmental problems
and the development of social public material conditions, countries around the world have continuously
deepened research theories on the coordinated relationship between environment and economy [4-5].
Related theoretical research mainly includes ecological economics theory, environmental Kuznets curve
theory and input-output theory. The empirical research mainly focuses on mathematical models such
as input-output method, equilibrium model, and environmental Kuznets curve. Many scholars around
the world continue to realize that environment and
economy can be coordinated. With the promotion of
the concept of sustainable development, people have
become more determined to achieve regional sustainable development through the coordinated development of the environment and the economy, and reveal the internal laws of the coordination of the environment and the economy by constructing different models [6]. Empirical research attempts to coordinate the relationship between the ecological environment and the economy through temporal and spatial evolution analysis and predictive simulation
analysis to achieve sustainable development.

ABSTRACT
With the growth of the city's economy, its ecological environment is facing major challenges. A series of problems such as the deterioration of the ecological environment, the increase of environmental
pollution, and the insufficient construction of the
ecological environment threaten the sustained and
coordinated development of the economy. In this paper, taking the ecological economic zone of Aba Prefecture in Western China as the research object, the
coupled coordinated development model is used to
evaluate the ecological environment and economic
coupling coordination of Aba Prefecture from 2008
to 2017. The entropy weight method is used to determine the index weight, and the gray correlation
model measurement is used to obtain the correlation
and coupling of the ecological environment and the
economic system, and then we can identify the main
stress and constraint factors. This research shows
that, from the perspective of coupling relationship,
the correlation between the element layer and the index factor between the ecological environment and
economic systems of Aba Prefecture in 2017 is
higher than 0.59, which is a medium correlation.
From the perspective of time evolution, Aba Prefecture and its counties have achieved varying degrees
of progress in the ecological environment and economic coupling coordination level from 2008 to
2017, and the coupling coordination level is relatively high. Meanwhile, forecast analysis shows that
the coupling and coordination level of Aba Prefecture and its counties in the next 5 years will roughly
continue the development trend of 2008-2017. By
2022, all counties and districts will reach the highquality coupling coordination category.
KEYWORDS:
Ecological environment, Economic development, Coordinated development degree model, Entropy method

INTRODUCTION
The ecological environment is a powerful guarantee for sound economic development, and sound
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In this paper, taking the ecological economic
zone of Aba Prefecture in Western China as the research object, the coupled coordinated development
model is used to evaluate the ecological environment
and economic coupling coordination of Aba Prefecture from 2008 to 2017 [7-9]. The entropy weight
method is used to determine the index weight, and
the gray correlation model measurement is used to
obtain the correlation and coupling of the ecological
environment and the economic system, and then we
can identify the main stress and constraint factors.
Finally, based on the original data of the ecological
environment and economic coupling coordination
degree in Aba Prefecture, Sichuan Province in 2017,
a grey prediction model was constructed and its coordinated development in the next 5 years was predicted. This research can provide reference for the
coordinated and sustainable development of environmental economy in ecological economic zones in
similar regions.

8.4%. Among them, the added value of the first, second, and tertiary industries were 28.612 billion yuan,
64.711 billion yuan, and 73.218 billion yuan, which
increased by 3.9%, 7.1% and 11.6% respectively.
Based on the permanent population, the city’s per
capita GDP is 37745 yuan, an increase of 8.6% yearon-year. The city’s three-industry structure was adjusted from 18.2:39.8:42 in the previous year to
17.2:38.8:44.0 [13-15].
Coordination relationship index system construction. Based on the comprehensive analysis and
consideration of the actual situation of the ecological
environment and economic development of Aba Prefecture, the evaluation index system of the coordinated development of the ecological environment
and the economy of Aba Prefecture is constructed
from four levels from top to bottom [3,16]. The target layer is the ecological environment and economic coupling coordination of Aba Prefecture. The
criterion layer includes two systems of ecological
environment and economy. The ecological environment includes three elements: ecological conditions,
pollution control and environmental construction.
The economic system includes economic scale, economic structure and economic benefits. Elements.
Among the specific indicators, there are 14 eco-environmental systems and economic systems, with a
total of 28 specific indicators (Table 1).

MATERIALS AND METHODS
Research area. (1) Natural ecological environment. Aba Prefecture is located in the northwestern part of Sichuan Province, China. It is located in
the interweaving zone between the eastern edge of
the Qinghai-Tibet Plateau and the northwestern edge
of the Sichuan Basin. The northern side of the Hengduan Mountains is connected to the high mountain
valleys of northwest Sichuan, and the north is adjacent to Qinghai and Gansu provinces [10-12]. The
landform types in this area are mainly plateaus and
alpine valleys. The special topography and landforms have created a complex and changeable climate. As the altitude changes from low to high, the
temperature gradually decreases from southeast to
northwest (Figure 1).
Due to the type of parent material and environmental factors, the type of soil is also different.
When warm and humid air flows through the mountains and reaches the plateau, precipitation will decrease. Because the plateau is controlled by the westerly jet for a long time, a plateau climate with low
temperature, abundant frost and snow, long freezing
time, small annual changes, and large daily changes
has been formed. There are subalpine and alpine
meadow soils on the plateau (Figure 2).

FIGURE 1
The V-shaped canyon in the natural ecological
environment of Aba Prefecture, Sichuan.

(2) Economic development. As of the end of
2017, the total registered population of Aba Prefecture in Sichuan was 4,788,500, the permanent population was 4,392,000, and the urban population was
2,201,300. The urbanization rate in 2017 was
50.12%. The birth rate and death rate were 13.06‰
and 6.78‰ respectively, and the natural population
growth rate was 6.28‰.
In 2017, Sichuan's Aba Prefecture achieved a
regional GDP of 166.541 billion yuan, an increase of

FIGURE 2
Dry shrub and grass in the natural ecological environment of Aba Prefecture, Sichuan.
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TABLE 1
An evaluation index system for the study of the coordination between
ecological environment and economy.
Serial
Element
Target
numSpecific indicators
Unit
layer
value
ber
Proportion of days with
%
90
X11
good air quality
Annual average concentration
X12
mg/m3
0.04
of inhalable particles
The water quality of surface water
Ecological
reaches or is better than the propor%
100
X13
status (X1)
tion of Class III
Qualified rate of drinking water hy%
100
X14
giene in villages and towns
Average value of regional environX15
dB (A)
50
mental noise
X21
Coverage of rural toilets
%
100
Comprehensive utilization rate of
X22
%
100
livestock manure
Comprehensive utilization rate of
X23
Pollution
%
100
industrial solid waste
control X2
Compliance rate of industrial
X24
%
100
wastewater discharge
Harmless treatment of rural domesX25
%
100
tic garbage
The share of environmental protec%
3.5
X31
tion investment in GDP
Environ12
X32
Park green area per capita
m2
mental
Green coverage rate
construcX33
%
45
of built-up area
tion X3
X34
Forest cover rate
%
60
10,000
5
Y11
GDP per capita
yuan
10,000
Y12
Per capita local fiscal revenue
1
yuan
Economic
Y13
GDP growth rate
%
9.5
scale Y1
The proportion of social investment
Y14
%
100
in fixed assets in GDP
10,000
Y15
Disposable income per resident
3.5
yuan
The proportion of secondary indusY21
%
40
try in GDP
The proportion of tertiary industry
Economic
Y22
%
50
in GDP
structure
The proportion of total foreign
Y23
%
3.5
Y2
trade imports and exports to GDP
The proportion of high-tech output
Y24
%
20
value in GDP
Energy consumption
10,000
0.43
Y31
per unit GDP
yuan
Y32
Water consumption per unit GDP
10,000
70
100
Economic
Y33
Unit industrial land added value
million
15
benefit Y3
yuan
Total retail sales of social consump- 10,000
2
Y34
tion per capita
yuan
Y35
Urbanization level
%
55
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TABLE 2
The weight of the coordinated evaluation indexes of ecological environment and
economic coupling in Aba Prefecture.
Criterion layer Element layer Weights Specific indicators Weights
X11
0.051
X12
0.080
X1
0.380
X13
0.067
X14
0.055
X15
0.128
X21
0.067
X22
0.063
X
X23
0.076
X2
0.316
X24
0.057
X25
0.052
X31
0.134
X32
0.063
X3
0.304
X33
0.036
X34
0.070
Y11
0.116
Y12
0.202
Y1
0.420
Y13
0.043
Y14
0.031
Y15
0.028
Y21
0.034
Y22
0.026
Y2
0.277
Y
Y23
0.102
Y24
0.115
Y31
0.061
Y32
0.063
Y3
0.303
Y33
0.058
Y34
0.076
Y35
0.046
TABLE 3
The relationship between the value of ȟi(i)(t) and the degree of association and coupling.
Coefficient
Correlation strength
Coupling strength
Weak
Weak
0<ߛ 
Moderate
Moderate
0.35<ߛ 
Stronger
Stronger
0.65<ߛ 
Extremely strong
Extremely strong
0.85<ߛ 
Exactly the same
Exactly the same
ߛ 
TABLE 4
The classification standard for the accuracy of the gray model.
Precision level
P
C
Precision level
P
Good
>0.95
<0.35
Barely qualified
>0.70
Qualified
>0.80
<0.50
Unqualified
أ0.70
Coordination relationship calculation model.
(1) Calculation method of indicator layer. The entropy method is used to calculate the weight of each
index in the evaluation index system; the specific
steps are as follows:
1) Range standardization method [17]:
Z=(Zij)m×n
(1)
Among them, Zij is the range standardized
value of index j of scheme i, and 0أZijأ1;
2) Calculation of index information entropy Hi:

ܪ =

ଵ
୪୬ 

σୀଵ ܺᇱ ln ܺᇱ

C
<0.65
ؤ0.65
(2)

3) Calculation of indicator weight:
ଵିு
(3)
ߣᇱᇱ = σ 
 సభ ு

The weight of each specific indicator is calculated from the 28 specific indicator values constructed by the ecological environment and economic coupling of Aba Prefecture from 2008 to 2017
according to the entropy method (3). The weight of
the element layer is calculated by adding up the
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weights of specific indicators in Table 2.
In this paper, we select 28 indicators as the indicator layer of the evaluation indicator system. The
indicators include positive and negative indicators,
and they need to be standardized separately.
Positive indicator: Dmno=Dmnp'÷Smno; Negative indicator: Dmno=Smno÷Dmnp'.
Among them, Dmno: the evaluation index
number of the mno index (when Dmno>1, the value
is 1); Dmnp': the current value of the mnoth index;
Smno: the target value of the mnoth index.
Calculation of element level indicators [7,18]:

(4)
ܥ = ൫σୀଵ ܦ ൯ ÷ ݇
Among them, Cmn: the evaluation index value
of the mnth element layer; k: the number of index
items of the mnth element layer; Dmno: the evaluation index value of the mnoth index layer.
Calculation of criterion-level indicators:

(5)
ܤ = σୀଵ ܹ ܥ
Among them, Bm: the evaluation index of a
certain criterion level; Wm: the weight of a certain
element index layer; p: the number of index items
contained in the mnth element layer.
(2) Grey relational model. First, the data needs
to be standardized:
ܼ = (ܺ െ ݉݅݊ܺ )/(݉ܽܺݔ െ ݉݅݊ܺ )
(6)
In order to analyze the characteristics of the interaction between the regional ecological environment and the economy, this paper constructs a correlation model [19]:

ߦ (݅)(= ) ݐ

ቚ (௧)ିೕೊ (௧)ቚାఘቚ (௧)ିೕೊ(௧)ቚ
ቚ (௧)ିೕೊ (௧)ቚାఘቚ (௧)ିೕೊ(௧)ቚ

ܼ ()ݐ

level of ecological environment and economic coupling.
ଶ

Coupling:

ቀ

(ೣ)శ() మ
ቁ
మ

൩

(11)

(12)
Coupling degree  = ܦξܷ × ܥ
Where, U=Įf(x)+ȕh(y), Į and ȕ are undetermined coefficients. It is generally believed that environmental protection and economic development are
equally important, so Į ȕ 
(4) Grey prediction model. Taking the degree of
coupling coordination in Aba Prefecture as the original value of the gray prediction model, the ecological environment and economic coupling coordination in the next 5 years are predicted. Specific steps
are as follows:
We
set
the
original
data
X0=
̗X0(1),X0(2),…X0(n)̙, it satisfies the calculation
sequence ratio:
௫ (ିଵ)
ߣ(݇) = బ
, k=2,3,…,n
(13)
௫బ ()

Then the gray prediction model equation is
(ݔ) (݇) + ܽ(ݖଵ) (݇) = ܾ. In the formula, a is the development gray level, and b is the endogenous control gray level. The corresponding estimated value is
obtained by regression analysis, and the corresponding model is obtained as:
ௗ௫(భ) (௧)
ௗ௧

+ ܽ(ݔଵ) (ܾ = )ݐ

Then we can get


(7)



(14)

݀(ݔଵ) ( = )ݐቀ(ݔ) (1) െ



ቁ ݁ ି + , k=1, 2, …, n-1.

The accuracy test is performed on the corresponding model obtained. If the calculated P and C
are within the accuracy allowable range, the predicted value of this indicator can be calculated. Otherwise, the formula needs to be revised and perfected
by analyzing the residual sequence (Table 4).

ܼ ()ݐ

and
are the standardWhere:
ized values of specific indicators of the two systems
at time t. ȡgenerally takes the value 0.5. ߦ (݅)( )ݐis
the correlation coefficient of the node at time t.
… ܻଵ
ܻ
ܺଵ ଵ
ߛଵଵ … ߛଵଵ
ߛ= … ተ
ተ
(8)
… ߛ …
ܺ
ߛଵ … ߛଵ
Where,

=ܥ

(௫)×(௬)

RESULTS

ଵ

ߛ =  σୀଵ ߦ (݅)( )ݐ, (k=1,2,…,

The impact of ecological environment on
economy. The coercive effect of the ecological environment on the economy is mainly manifested in the
restriction of the main ecological environment factors such as the atmosphere and water environment
on the economy. In 2017, the three element layers of
Aba Prefecture's ecological environment, including
ecological status, pollution control, and environmental construction, were associated with the economy
as 0.698 2, 0.707 0, and 0.716 4 respectively. The
strong correlation indicates that ecological conditions, pollution control, and environmental construction are the main coercive factors affecting the economic development of Aba Prefecture, especially the
coercive effects of pollution control and environmental construction are more significant [21]. The
comprehensive correlation between the 14 specific

n), k is the number of samples.
We take the row and column as the unit to find
the corresponding average, the formula is as follows
[11, 20]:
ଵ
݀ = σୀଵ ߛ (݅ = 1,2, … , ݈; ݆ = 1,2, … , ݉)

(9)
ଵ
ߛ (݅ = 1,2, … , ݈; ݆ = 1,2, … , ݉)
݀ = σ
 ୀଵ 
(10)
(3) Coupling coordination degree model. Based
on the ecological environment and economic evaluation results of Aba Prefecture and its counties, the
ecological environment evaluation index and economic evaluation index are set as f(x) and h(y) functions respectively. The coupling coordination degree
model is used to study the coordinated development
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indicators of the ecological environment system and
economic development is higher than 0.67, and the
correlation is strong. This reflects that the ecological
environment is an important factor restricting economic development.
Environmental factors such as pollution control
and environmental construction have a greater impact on Aba Prefecture’s economic stress. The main
manifestation is that under the limited economic
level, continuous increase in pollution control and
environmental construction investment restricts economic development investment, thereby restricting
economic development. Taking rural domestic waste
treatment and comprehensive treatment of livestock
and poultry manure as an example, the harmless
treatment rate of rural domestic waste in Aba Prefecture in 2017 was 45.15%, and the comprehensive utilization rate of livestock and poultry manure pollution treatment was 45.47%. These two pollution control levels are relatively low, and the improvement of
control capacity requires a large amount of capital
investment. Environmental protection investment in
environmental construction elements is also insufficient. Except for Jiuzhaigou and other nature reserves environmental protection investment in 2016
and 2017, which reached the target value of 3.5%,
the remaining counties and districts were within 1%
from 2008 to 2017, which is a large gap from the target value. Increased investment in environmental
construction also limits economic development to a
certain extent.
The stress of economic development on the
ecological environment is mainly manifested in the
restrictive effects of economic factors such as economic expansion, industrial structure adjustment,
and residents' consumption on the ecological environment. In 2017, the comprehensive correlation between the economic scale, economic structure, and
economic benefits of the three major elements of
economic factors and the ecological environment
were 0.716 5, 0.699 3, and 0.702 4, respectively. The
strong correlation indicates that economic scale, economic structure, and economic benefits are the coercive and limiting factors affecting the ecological environment of Aba Prefecture, especially the coercion

of economic scale and economic benefits is more
significant.
The coupling relationship between ecological environment and economy. (1) Target level
analysis. According to the evaluation index system
structure, the coupling and coordination relationship
between Aba Prefecture and its counties in time series and spatial location are analyzed layer by layer.
The coupling coordination degree model was used to
calculate the coupling coordination degree of the
study area from 2008 to 2017 (Table 5).
According to the evaluation results in Table 5,
the ecological environment and economic coupling
coordination degree of Aba Prefecture from 2008 to
2017 are in the coupling coordination category (Figure 3). The coupling degree rises slowly and is in a
better coupling range. It increased from 0.697 9 in
2008 to 0.854 2 in 2017. The degree of coupling coordination has developed from primary coupling coordination to good coupling coordination, and the
coupling coordination situation is good.

FIGURE 3
Coordination degree of ecological environment
and economic coupling.
According to the evaluation results in Table 5,
the level of coupling coordination among the eight
counties in Aba Prefecture fluctuates. It shows a
good development trend, and the coupling coordination degree index has a small change range, ranging
from 0.03 to 0.2.

TABLE 5
Coordination degree of ecological environment and economic coupling.
Year
Aba City
Wenchuan County
Li County
Mao County
Songpan County
Jiuzhaigou County
Jinchuan County
Xiaojin County

2008
0.6979
0.7398
0.7798
0.6854
0.6687
0.6251
0.6843
0.6665

2009
0.7093
0.7473
0.7846
0.6542
0.6902
0.7033
0.7033
0.6874

2010
0.7609
0.7640
0.7867
0.6621
0.7069
0.6742
0.7287
0.7092

2011
0.7699
0.7710
0.7694
0.6544
0.6961
0.6554
0.7242
0.6959

3732

2012
0.7706
0.7996
0.8173
0.7610
0.7506
0.7307
0.7613
0.7367

2013
0.7936
0.8083
0.8218
0.7327
0.7419
0.7198
0.7756
0.7597

2014
0.8218
0.8388
0.8435
0.7535
0.7732
0.7279
0.7949
0.7732

2015
0.8373
0.8512
0.8340
0.7731
0.8063
0.7576
0.8132
0.8060

2016
0.8410
0.8531
0.8479
0.7745
0.8213
0.7775
0.8258
0.8178

2017
0.8716
0.8652
0.8593
0.7994
0.8212
0.7968
0.8318
0.8009
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Year
Aba City
Wenchuan
County
Li County
Mao County
Songpan
County
Jiuzhaigou
County
Jinchuan
County
Xiaojin
County

Year
Aba City
Wenchuan
County
Li County
Mao County
Songpan
County
Jiuzhaigou
County
Jinchuan
County
Xiaojin
County
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TABLE 6
The evaluation indexes of the ecological environment in Aba Prefecture.
2008
2009
2010
2011
2012
2013
2014
2015
2016
0.7106 0.7190 0.7536 0.7677 0.8255 0.7873 0.7946 0.7911 0.8105

2017
0.7919

0.6730

0.6452

0.6612

0.6852

0.6935

0.7086

0.7368

0.7345

0.7530

0.7672

0.6958
0.6256

0.6656
0.6099

0.7177
0.6354

0.7302
0.6166

0.7458
0.7606

0.7416
0.7050

0.7494
0.7032

0.7539
0.6916

0.7782
0.6758

0.7944
0.6899

0.6693

0.6471

0.7137

0.7233

0.7489

0.7532

0.7617

0.7797

0.8321

0.7786

0.6225

0.6647

0.6579

0.6722

0.6699

0.7212

0.6733

0.6799

0.7273

0.7436

0.6584

0.6418

0.6771

0.6606

0.6851

0.6909

0.6971

0.7083

0.7117

0.7204

0.6010

0.6084

0.6209

0.6630

0.6660

0.6786

0.7015

0.7408

0.7856

0.7513

TABLE 7
The economic level evaluation indexes of Aba Prefecture.
2008
2009
2010
2011
2012
2013
2014
2015
0.4143 0.4291 0.5026 0.5153 0.5086 0.5529 0.6062 0.6419

2016
0.6426

2017
0.6835

0.4831

0.5055

0.5333

0.5385

0.5894

0.6121

0.6757

0.7148

0.7035

0.7305

0.5529
0.4056

0.5780
0.3651

0.5592
0.3731

0.5220
0.3648

0.5981
0.4410

0.6279
0.4650

0.6803
0.5000

0.6417
0.5165

0.6643
0.5325

0.6863
0.5918

0.3794

0.4096

0.4261

0.4111

0.4238

0.4726

0.5220

0.5419

0.5468

0.5842

0.3301

0.3570

0.3869

0.3632

0.4254

0.4436

0.4629

0.4845

0.5025

0.5421

0.4003

0.4297

0.4636

0.4594

0.4902

0.5459

0.5859

0.6175

0.6533

0.6643

0.3822

0.4113

0.4435

0.4158

0.4423

0.5182

0.5373

0.5697

0.5693

0.5475

(2) Criterion-level analysis. Based on the results of the 2008-2017 ecological environment evaluation index (Table 6) and economic level evaluation
index (Table 7) of Aba Prefecture and its counties, it
can be seen that the ecological environment and economic evaluation index of Aba Prefecture has the
following characteristics.
The level of ecological environment and economic development continues to improve, but the
economy lags behind the development of the ecological environment. The ecological environment index
of Aba Prefecture is significantly higher than the
economic index. This shows that Aba Prefecture has
attached great importance to the development of the
ecological environment in recent years, and the level
of economic development needs to be further improved. However, the overall gap between the ecological environment and economic development is
narrowing.

nomic scale, economic structure and economic benefits of economic development. We first calculated
the value of the 6 elements from 2008 to 2017 according to the specific index values contained in
each element and the weight value assigned to it.
And then the evaluation results of 2008, 2012 and
2017 were selected to further analyze the evolution
of the ecological environment and economic factor
layers in Aba Prefecture and its counties.
The element layer of ecological environment
includes ecological conditions, pollution control,
and environmental construction (Figure 4). The ecological status evaluation index of Aba Prefecture was
all greater than 0.7. The improvement was obvious
from 2008 to 2012, and it decreased slightly from
2013 to 2017. The overall change was stable and the
ecological status was good. The pollution control
evaluation index has shown a continuous upward
trend, with an increase of 0.245 5 in 2017 over 2008,
and the level of pollution control has been continuously improved. The environmental construction
evaluation index has a small change and reached a
stable level in 2012.
The economic factor layer includes three factors: economic scale, economic structure and economic benefits. Figure 5 shows the changes in the

(3) Element level and index level analysis.
The element layer of this article contains six elements, namely, measuring the ecological conditions
of the ecological environment, pollution control, environmental construction, and measuring the eco-
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evaluation index values of each factor in 2008, 2012
and 2017. The evaluation index values of the three
elements all increased in different ranges. In 2017,
the economic scale, economic structure and economic benefit evaluation index value increased by
0.257, 0.184 and 0.364 respectively compared with
2008. It shows that since 2008, Aba Prefecture has
significantly improved in terms of economic scale,
economic structure, and economic benefits.
Predictive analysis of ecological environFIGURE 4
ment and economic coupling. There are major muEvaluation
index
of
the ecological environment
tual coercive factors between the ecological environelement
layer
of
Aba
Prefecture in 2008, 2012
ment and economic systems in Aba Prefecture.
and
2017.
Among them, the index factor correlation between
the two systems is higher than 0.71, the ecological
environment has 5 stress factors for the economy,
and the economy has 6 stress factors for the ecological environment. Through the temporal and spatial
analysis of the ecological environment and economic
coupling coordination of Aba Prefecture and its
counties, the coordination level of Aba Prefecture as
a whole and the counties and districts fluctuates in
the time series and has achieved a certain degree of
development. The difference in the level of spatial
and geographic coordination is gradually narrowing.
However, the ecological environment system and
FIGURE 5
economic system of Aba Prefecture are interactively
Evaluation index of the economic factor layer of
coupled and complex, and there are many major
Aba Prefecture in 2008, 2012 and 2017.
stress factors in the coupling of the two systems. The
gray prediction model is now used to predict the ecological environment and economic coupling and coCONCLUSIONS
ordination of Aba Prefecture in the next 5 years.
Then, we get the coordination degree of ecological
(1) In this paper, taking the ecological ecoenvironment and economic coupling in Aba Prefecnomic zone of Aba Prefecture in Western China as
ture from 2018 to 2022 (Table 8). It can be seen that
the research object, the coupled coordinated develthe development of the ecological environment and
opment model is used to evaluate the ecological eneconomic coupling coordination degree of Aba Previronment and economic coupling coordination of
fecture in the next few years will roughly continue
Aba Prefecture from 2008 to 2017. The entropy
the change characteristics of 2008-2017. The level of
weight method is used to determine the index weight,
coupling and coordination has been greatly imand the gray correlation model measurement is used
proved. It is estimated that by 2022, the coupling coto obtain the correlation and coupling of the ecologordination degree of Aba Prefecture will develop
ical environment and the economic system, and then
from a good coupling type to a high-quality coupling
we can identify the main stress and constraint factors
coordination type, and the development trend of the
coupling coordination degree between the ecological
environment and the economy is good.
TABLE 8
Prediction of the coupling and coordination degree of ecological environment and
economy in Aba Prefecture.
Year
2018
2019
2020
2021
2022
Aba City
0.881 9
0.900 6
0.919 6
0.939 1
0.959 0
Wenchuan County
0.891 6
0.872 7
0.926 6
0.944 5
0.962 9
Li County
0.908 9
0.884 1
0.895 6
0.907 3
0.919 2
Mao County
0.872 7
0.884 1
0.895 6
0.907 3
0.919 6
Songpan County
0.852 3
0.874 3
0.896 0
0.918 2
0.941 0
Jiuzhaigou County
0.817 0
0.838 0
0.859 6
0.881 7
0.904 4
Jinchuan County
0.861 0
0.880 0
0.899 5
0.919 3
0.939 6
Xiaojin County
0.843 6
0.863 1
0.883 0
0.903 3
0.924 2
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(2) This research shows that, from the perspective of coupling relationship, the correlation between
the element layer and the index factor between the
ecological environment and economic systems of
Aba Prefecture in 2017 is higher than 0.59, which is
a medium correlation. From the perspective of time
evolution, Aba Prefecture and its counties have
achieved varying degrees of progress in the ecological environment and economic coupling coordination level from 2008 to 2017, and the coupling coordination level is relatively high.
(3) Forecast analysis shows that the coupling
and coordination level of Aba Prefecture and its
counties in the next 5 years will roughly continue the
development trend of 2008-2017. By 2022, all counties and districts will reach the high-quality coupling
coordination category.
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7KH GHYHORSPHQW RI LQVHFWLFLGH UHVLVWDQFH
WKUHDWHQV WKH FRQWLQXLW\ RI LQVHFW SHVWV FRQWURO
LQIRUPDWLRQDYDLODELOLW\IRUUHVLVWDQFHOHYHOVLQILHOG
SRSXODWLRQVKDVDJUHDWLPSRUWDQFHWRUHDOL]HLQVHFW
SHVWVWDWXVWRDYRLGWKHQHJDWLYHHIIHFWRILQVHFWLFLGHV
UHVLVWDQFHDQGWRPLQLPL]HXVLQJPRUHLQVHFWLFLGHV
ZKLFK ZLOO EH HVWLPDWHG E\ PRQLWRULQJ RI ILHOG
SRSXODWLRQV RYHU WLPH DQG ORFDWLRQV ,Q WKLV
LQYHVWLJDWLRQ ODERUDWRU\ VWUDLQRI PHGIO\ Ceratitis
capitata IOLHV ZDV H[SRVHG WR D VHULHV RI
FRQFHQWUDWLRQV 7KH UHVLVWDQFH SHUFHQWDJHV DQG
HQ]\PDWLF DFWLYLW\ LQ ILHOG VWUDLQV FROOHFWHG IURP
GLIIHUHQWIRXUORFDWLRQVLQWKHGHOWDYDOOH\LQQRUWKHUQ
(J\SWZHUHDOVRPRQLWRUHG7KHUHVXOWVVKRZHGWKDW
WKH KLJKHVW FRQFHQWUDWLRQ  SSP  DFKLHYHG
 LQ ODERUDWRU\ VWUDLQ ZKLOH WKH ORZHVW
FRQFHQWUDWLRQ  SSP  FDXVHG RQO\ 
%DVHGRQWKHUHVLVWDQFHYDOXHVLQILHOGVWUDLQVIOLHV
FROOHFWHG IURP WKH ZHVW ORFDWLRQ H[KLELWHG WKH
KLJKHVW PRUWDOLW\ UDWH ZLWK ORZHVW UHVLVWDQFH
SHUFHQWDJH KRZHYHU IOLHV FROOHFWHG IURP WKH HDVW
ORFDWLRQ VKRZHG WKH ORZHVW PRUWDOLW\ UDWH ZLWK
KLJKHVWUHVLVWDQFHSHUFHQWDJH6WUDLQVFROOHFWHGIURP
GLIIHUHQWILHOGVUHFRUGHGUHPDUNDEOHKLJKHUOHYHOVRI
WKH VWXGLHG HQ]\PDWLF DFWLYLW\ LH DFHW\O
FKROLQHVWHUDVH $FK( DONDOLQH SKRVSKDWDVH ȕ
HVWHUDVHV DQG PL[HG IXQFWLRQ R[LGDVH WKDQ WKH
EDVHOLQH ODERUDWRU\ VWUDLQ SRVLWLYH FRUUHODWLRQ
EHWZHHQUHVLVWDQFHOHYHOVLQWKHGLIIHUHQWVWUDLQVDQG
WKH HQ]\PDWLF DFWLYLW\ OHYHOV LQ WKHVH VWUDLQV ZDV
GHWHFWHG 'DWD HOXFLGDWHV WKH FRQVHTXHQFHV RI
LQVHFWLFLGHV DEXVH ZKLFK PDQLIHVWHG LQ WKH
LQFUHDVLQJRILQVHFWSHVWUHVLVWDQFHWRZDUGWKHDFWLRQ
RIWKHSHVWLFLGH



,1752'8&7,21

7KH 0HGLWHUUDQHDQ IUXLW IO\ DOVR NQRZQ DV
0HGIO\ Ceratitis capitata :LHGHPDQQ  'LSWHUD
7HSKULWLGDH  LV RQH RI WKH PRVW ZLGHVSUHDG
GHVWUXFWLYH LQVHFW SHVWV RI 7HSKULWLGDH KDPSHULQJ
PDQ\KRUWLFXOWXUHIUXLWWUHHV,WFDQLQIHVWDQGFDXVHV
VHULRXVGDPDJHDQGORVVHVWRPRUHWKDQVSHFLHV
RISODQWVSHFLHV>@,WLVDGDSWHGZLWKDQLQYDVLYH
SRWHQWLDOWRZLGHUDQJHRIFOLPDWLF]RQHVZKLFKOHDGV
WR JOREDOO\ FRQVLGHUDEOH HFRQRPLF ORVVHV LQ IUXLW
SURGXFWLRQ>@
0DQ\ UHVHDUFKHUV DWWHPSWHG WR LQFRUSRUDWH
RWKHUSUDFWLFHVRQGHPDQGWRPLQLPL]HWKHKDUPIXO
HIIHFWRIXVLQJLQVHFWLFLGHVVXFKDVUHVLVWDQWYDULHWLHV
QDWXUDO VXEVWDQFHV DQG LQWHUFURSSLQJ >@
+RZHYHU &KHPLFDO LQVHFWLFLGHV DUH VWLOO WKH SULPH
PHWKRGFXUUHQWO\LQXVHDJDLQVWLQVHFWSHVW7KHZLGH
XVDJH RI FKHPLFDO LQVHFWLFLGHV FUHDWHG PXOWLSOH
HQYLURQPHQWDO WURXEOHV LQFOXGLQJ LQVHFW UHVLVWDQFH
WRZDUG FKHPLFDO LQVHFWLFLGHV 5HVLVWDQFH WR
PDODWKLRQKDVEHHQUHSRUWHGIRUDQXPEHURILQVHFWV
LQFOXGLQJ GLSWHUDQ SHVWV >@ DQG UHVLVWDQFH WR
PDODWKLRQKDVEHHQSDUWLFXODUO\LGHQWLILHGLQPHGIO\
>@,WLVZHOOGRFXPHQWHGWKDWSRSXODWLRQVFROOHFWHG
IURP RUFKDUGV VXEMHFWHG WR IUHTXHQW SHVWLFLGHV
WUHDWPHQWV ZHUH PRUH WROHUDQW WKDQ WKRVH ZKLFK
FROOHFWHG IURP QRQWUHDWHG ILHOGV >@ ,Q D
ODERUDWRU\H[SHULPHQW.RUHQHWDO>@SURYHGWKDW
WKHPHGIO\C. capitataKDVWKHSRWHQWLDOWRGHYHORS
UHVLVWDQFHWRPDODWKLRQDIWHUIUHTXHQF\H[SRVXUHIRU
JHQHUDWLRQV7KHH[FHVVLYHPDODWKLRQDSSOLFDWLRQ
IRU FRQWUROOLQJ PHGIO\ UHVXOWHG LQ WKH UDLVH RI
WROHUDQFHWRPDODWKLRQ
%LRFKHPLFDO DQDO\VLV LQFOXGLQJ HQ]\PHV
DFWLYLW\ LV D SRWHQWLDO WRRO IRU HVWLPDWLQJ WKH
FRQVLVWHQF\DQGIUHTXHQF\RIUHVLVWDQFHLQWKHILHOG
SRSXODWLRQV $FHW\OFKROLQHVWHUDVH SOD\V D
IXQGDPHQWDO IXQFWLRQ LQ QHXURWUDQVPLVVLRQ DW
FKROLQHUJLFV\QDSVHVDVLWVWLPXODWHVWKHK\GURO\VLV
RI WKH QHXURWUDQVPLWWHU DFHW\OFKROLQH 7KH
DSSOLFDWLRQ RI 2UJDQRSKRVSKRUXV LQVHFWLFLGHV
LQFOXGLQJ PDODWKLRQ LQKLELWV WKH HQ]\PH DFWLRQ
FDXVLQJDFHW\OFKROLQHDFFXPXODWLRQLQWKHV\QDSVHV
ZKLFKSUHYHQWWKHQHUYHFHOOWRUHSRODUL]H>@7KXV
WKHVWXG\RIHQ]\PDWLFDFWLYLW\PD\SURYLGHIDVWDQG

.(<:25'6
)LHOG VWUDLQV HQ]\PH DFWLYLW\ DFHW\OFKROLQHVWHUDVH
2UJDQRSKRVSKRUXVLQVHFWLFLGHV0HGIO\
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$PDSIRUWKHFROOHFWLRQVLWHVRI&FDSLWDWDLQWKH'HOWDRI(J\SWVKRZVIRXUVWXG\ORFDWLRQV.DIU(O
6KLNK*KDUELD%HKHLUDDQG6KDUNLD

UHOLDEOH LQIRUPDWLRQ RQ LQVHFW SHVW UHVLVWDQFH WR
ZKHDWEUDQ JPV RI GULHGEUHZHU¶V \HDVWJPV
LQVHFWLFLGHV
VXFURVHJPVVRGLXPEHQ]RDWHPO+&O 1 DQG
7KHDLPRIWKHFXUUHQWVWXG\ZDVWRLQYHVWLJDWH
PORIWDSZDWHU$OORIWKHVROLGLQJUHGLHQWVZHUH
WKH VXVFHSWLELOLW\ WR PDODWKLRQ LQ (J\SWLDQ ILHOG
WKRURXJKO\PL[HGWRJHWKHUZKLOH+&OZDVDGGHGWR
SRSXODWLRQVRIC. capitataIOLHVVXEMHFWHGWRGLIIHUHQW
WKHZDWHU WKHQ WKH VROXWLRQZDVJUDGXDOO\DGGHG WR
LQVHFWLFLGHV SUHVVXUHV GXULQJ ODVW \HDUV $OVR WR
WKHPL[WXUHRIVROLGLQJUHGLHQWVWRIRUPDVRIWSDVWH
HYDOXDWH WKH UHODWLRQVKLS EHWZHHQ UHVLVWDQFH OHYHOV
,QVHFWVZHUHUHDUHGDFFRUGLQJWKHPHWKRGGHVFULEHG
DQG HQ]\PDWLF DFWLYLW\ LQ D ODERUDWRU\ DQG D ILHOG
E\+DVVDQ>@$IWHU±GD\VODUYDHZHUHDOORZHG
VWUDLQV
WRSXSDWHLQWUD\VFRQWDLQFRPPRQVDZGXVW


)LHOGVWUDLQ)RXUFRORQ\VWUDLQVRIC. capitata

ZHUH FROOHFWHG GXULQJ  IURP WKH QDWXUDO
0$7(5,$/6$1'0(7+2'6
SRSXODWLRQLQKRUWLFXOWXUHILHOGVIURPIRXUORFDWLRQV

ORFDWHGLQWKHQRUWKVLGHRI(J\SW 1LOHGHOWD 7KH
5HDULQJ WHFKQLTXH /DERUDWRU\ VWUDLQ $
IRXUJRYHUQRUDWHVZHUH6KDUNLDZKLFKORFDWHGLQWKH
VWRFNFXOWXUHRIWKH0HGLWHUUDQHDQIUXLWIO\Ceratitis
HDVWVLGH 1( %HKHLUDZKLFKORFDWHGLQ
capitata was obtained from a permanent stock
WKHZHVWVLGH 1( *KDUELD 1
laboratory VWUDLQ NHSW LQ WKH +RUWLFXOWXUDO &URSV
(  DQG .DIU (O6KHLNK 1 ( 
'HSDUWPHQW 3ODQW 3URWHFWLRQ 5HVHDUFK ,QVWLWXWH
ERWK RI WKHP ORFDWHG LQ WKH PLGGOH RI WKH GHOWD
'RNNL*L]DXQGHUFRQVWDQWFRQGLWLRQVDW&DQG
)LJXUH 7KHVHVWUDLQVZHUHWUHDWHGUHJXODUO\LQWKH
 5+ DGXOWV ZHUH UHDUHG LQ ZRRGHQ FDJHV
ILHOGZLWKLQVHFWLFLGHVDSSOLFDWLRQIRUFRQWUROOLQJWKH
PHDVXULQJ ;; FP ZLWK DQ RSHQLQJ LQ RQH
SHVW DFFRUGLQJ WR WKH PLQLVWU\ RI $JULFXOWXUH
VLGHFRYHUHGZLWKUHPRYDOPXVOLQVFUHHQIUDPHDQG
UHFRPPHQGDWLRQ$IWHUWKHIOLHVZHUHFROOHFWHGWKH\
WKH XSSHU VLGH ZDV PDGH RI ZLUH PHVK )OLHV ZHUH
ZHUHWUHDWHGLQWKHODERUDWRU\ZLWK0$/$72;
UHDUHG LQ FDJHV DW GHQVLW\ RI DERXW  ± 
(&LQFRUSRUDWHGZLWKDQDWWUDFWLYHIRRGIRUWKHIOLHV
DGXOWFDJHFDJHVZHUHSURYLGHGZLWKIRRGFRQVLVWLQJ

RIVXJDUDQGSURWHLQK\GURO\VDWHDWWKHUDWLRRI
&RQFHQWUDWLRQ WHFKQLTXH 'LVFULPLQDWLQJ
UHVSHFWLYHO\7KHIOLHVZHUHSURYLGHGZLWKDSLHFHRI
FRQFHQWUDWLRQ ZDV XVHG IRU UDSLG PRQLWRULQJ
VSRQJHVRDNHGZLWKZDWHU IRUGULQNLQJ SODFHGLQD
LQVHFWLFLGHVUHVLVWDQFHLQILHOGFROOHFWHGC.capitata
3HWULGLVK )RRG DQG ZDWHU ZHUH FKDQJHG GDLO\
IOLHV7KH/&YDOXHVRIWKHVXVFHSWLEOHC. capitata
)HPDOH IOLHV ODLG WKHLU HJJV LQ PDQGDULQ VKDSHG
IOLHV ZHUH HVWLPDWHG SUHYLRXVO\ IURP WKH IOLHV YLD
SODVWLFPROGVSODFHGRQWKHERWWRPRIWKHFDJHV7KH
WHFKQLTXHE\SURELWDQDO\VLVDQGXVHGWRHVWLPDWHD
PROGV ZHUH SHUIRUDWHG ZLWK DQ RUGLQDU\ SLQ WKHVH
GLDJQRVWLFFRQFHQWUDWLRQIRUPDODWKLRQWHVWHGEDVHG
FDYLWLHVVHUYHGDVUHFHSWDFOHVRIHJJVE\WKHIHPDOHV
RQ FRQVLGHUDWLRQV GLVFXVVHG E\ 5RXVK DQG 0LOOHU
7KH UHFHSWDFOHV ZHUH PRLVWHQHG ZLWK ZDWHU IURP
>@7RHVWLPDWHDFRQFHQWUDWLRQWKDWZRXOGUHOLDEO\
LQVLGHZLWKDSLHFHRIVSRQJHVRDNHGZLWKZDWHULQ
FDXVH  IOLHV PRUWDOLW\ PO RI ILYH GLIIHUHQW
RUGHU WR SUHYHQW GHVLFFDWLRQ RI HJJV (JJV ZHUH
LQVHFWLFLGDOFRQFHQWUDWLRQVRIDQG
FROOHFWHG GDLO\ WKHQ LW FDUHIXOO\ VFDWWHUHG RQ WKH
 SSP ZHUH SLSHWWHG LQWR SHWULGLVK 3HWULGLVKHV
VXUIDFHRIWKHODUYDOPHGLXPFRQVLVWHGRIJPVRI
ZHUH
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5HVSRQVHRIGLIIHUHQWILHOGVWUDLQV6(RIC. capitataIOLHVFROOHFWHGIURPGLIIHUHQWORFDWLRQVWRWKH
DSSOLFDWLRQZLWKPDODWKLRQ
5HVLVWDQFH
5HODWLYH5HVLVWDQFH
6WUDLQ
0RUWDOLW\
6KDUNLD
E
D
E
D
E
*KDUELD


DE
D
E

D
%HKHLUD

E
DE
.DIU(O6KLNK
D
PYDOXH




UROOHGIRUDSSUR[LPDWHO\WZRPLQWRHQVXUHWKDWDOO
VXUIDFH UHFHLYHG WKH LQVHFWLFLGDO WUHDWPHQW 3HWUL
GLVKHVZHUHWKHQDLUGULHGDWURRPWHPSHUDWXUHIRU
KRXUV  SDLUV RI WKH IOLHV ZHUH SODFHG LQ D FDJH
LQFOXGHG WUHDWHG 3HWULGLVK DQG WKLV VHW ZHUH
UHSOLFDWHGIRXUWLPHV&DJHVZLWKIOLHVZHUHSODFHGDW
URRP WHPSHUDWXUH DW&DQG WKH PRUWDOLW\ ZDV
DVVHVVHGDIWHUKRXUV
0RUWDOLW\  ZDV FDOFXODWHG DFFRUGLQJ WR
)LQQH\ >@ FRUUHFWHG PRUWDOLW\   REVHUYHG
PRUWDOLW\   FRQWURO PRUWDOLW\    ± FRQWURO
PRUWDOLW\  î  7R GHWHUPLQH WKH UHVLVWDQFH
SHUFHQWDJH WKH IROORZLQJ IRUPXOD DGRSWHG E\
0F&XWFKHQ HW DO >@ ZDV XVHG 5HVLVWDQFH
SHUFHQWDJH   0)06;  ZKHUH 0)  
PRUWDOLW\ DW GLVFULPLQDWLQJ FRQFHQWUDWLRQ LQ ILHOG
FRORQ\ VWUDLQV DQG 06   PRUWDOLW\ FRQVWDQW  DW
GLVFULPLQDWLQJFRQFHQWUDWLRQLQODERUDWRU\VWUDLQ

%LRFKHPLFDO DVVD\V )RU WKH SUHSDUDWLRQ RI
LQVHFWKRPRJHQDWHEDWFKHVRIGLIIHUHQWVWUDLQVRIC.
capitata IOLHV FROOHFWHG IURP SUHYLRXVO\ PHQWLRQHG
ORFDWLRQV DV ZHOO DV WKH EDVHOLQH ODERUDWRU\ VWUDLQ
ZHUH ZHLJKHG DQG FRXQWHG (DFK EDWFK ZDV
PHFKDQLFDOO\KRPRJHQL]HGLQYROXPHV :9 RI
0SKRVSKDWHEXIIHUS+IRUWZRPLQXWHVXVLQJ
D 7HIORQ KRPRJHQL]HU VXUURXQGHG ZLWK D MDFNHW RI
FUXVKHG LFH 7KH KRPRJHQDWHV ZHUH FHQWULIXJHG DW
 USP IRU  PLQXWHV DW R& XVLQJ FRROLQJ
FHQWULIXJH

$FHW\OFKROLQHHVWHUDH $&+(   DFWLYLW\ ,Q
RUGHU WR GHWHUPLQH $FHW\OFKROLQHVWHUDVH DFWLYLW\
 PO RI HQ]\PH VROXWLRQ ZDV PHDVXUHG
FDORULPHWULFDOO\ DFFRUGLQJ WR WKH PHWKRG GHVFULEHG
E\ (OOPDQ HW DO >@ ZKLFK LV EDVHG RQ WKH
K\GURO\VLV RI DFHW\OFKROLQH DV D VXEVWUDWH
7KLRFKROLQH UHDFWV ZLWK  GLWKLRELV 
QLWUREHQ]RLF DFLG  '71% DV D FRORUGHYHORSHU  WR
SURGXFHWKLRQLWUREHQ]RLF DFLG JLYLQJD \HOORZ
FRORU
ZKLFK
FDQ
EH
GHWHUPLQHG
6SHFWURSKRWRPHWULFDOO\DWDZDYHOHQJWKRIQP
$&K( DFWLYLW\ ZDV PHDVXUHG DQG H[SUHVVHG DV PJ
VXEVWUDWHK\GURO\]HGLQGLYLGXDOPLQ

$ONDOLQHSKRVSKDWDVH7KHDFWLYLW\RIDONDOLQH
SKRVSKDWDVHDWS+ZDVGHWHUPLQHGDFFRUGLQJ
WRWKHPHWKRGGHVFULEHGE\3RZHOODQG6PLWK>@
7KH UHDFWLRQ PL[WXUH FRQVLVWLQJ RI PO FDUERQDWH
EXIIHUPORI0GLVRGLXPSKHQ\OSKRVSKDWH

DQGPOIURPWLVVXHVXSHUQDWDQW7KHQLQFXEDWHG
IRUPLQXWHVDWƕ&7KHUHDFWLRQZDVVWRSSHGE\
WKHDGGLWLRQRIPORI11D2+WKHQPORI
11D+&2PORIDPLQRDQWLS\ULQHVROXWLRQ
DQGPORISRWDVVLXPDLPGHZHUHDGGHGWRSURGXFH
DUHGRUSXUSOHFRORU7KHDPRXQWRISKHQROOLEHUDWHG
LQ WKH PHGLD FRUUHVSRQGV WR WKH HQ]\PH DFWLYLW\
K\GURO\]LQJ WKH VXEVWUDWH LH WKH PRUH DFWLYLW\ RI
WKHHQ]\PHRQWKHVXEVWUDWHWKHPRUHOLEHUDWLRQRI
SKHQRO 7KH SURGXFHG FRORU ZDV PHDVXUHG
FRORULPHWULFDOO\ DW QP 7KH HQ]\PDWLF DFWLYLW\
ZDVH[SUHVVHGDVPJSKHQROODUYDPLQ

0L[HG IXQFWLRQ R[LGDVH DFWLYLW\ 3QLWUR
DQLVROH 2GHPHWK\ODWLRQ ZDV DVVD\HG WR GHWHUPLQH
WKHPL[HGIXQFWLRQR[LGDVHDFWLYLW\DFFRUGLQJWRWKH
PHWKRGGHVFULEHGE\+DQVHQDQG+RGJVRQ>@:LWK
VOLJKW PRGLILFDWLRQV 7KH VWDQGDUG LQFXEDWLRQ
PL[WXUH FRQWDLQWHG PO VRGLXP SKRVSKDWH EXIIHU
0 3+   PO HQ]\PH VROXWLRQ PO
1$'3+ ILQDOFRQFHQWUDWLRQ0P POJOXFRVH
SKRVSKDWH *3ILQDOFRQFHQWUDWLRQ0P DQG
ȝJJOXFRVHSKRVSKDWHGHK\GURJHQDVH *3' 
5HDFWLRQ ZDV LQLWLDWHG E\ WKH DGGLWLRQ RI SQLWUR
DQLVROH LQ  ȝO RI DFHWRQH WR JLYH D ILQDO
FRQFHQWUDWLRQRII0PDQGLQFXEDWHGIRUPLQ
DW Û& ,QFXEDWLRQ SHULRG ZDV WHUPLQDWHG E\
DGGLWLRQ RI PO +&O 1  3QLWUR SKHQRO ZDV
H[WUDFWHG ZLWK &+&/ DQG  1 1D2+ DQG
DEVRUEDQFHRI1D2+VROXWLRQZDVPHDVXUHGDW
QP$QH[WLQFWLRQFRHIILFLHQWRI1PZDVXVHG
WRFDOFXODWHQLWURSKHQROFRQFHQWUDWLRQ

1RQVSHFLILF ȕHWD HVWHUDVHV DFWLYLW\ ȕHWD
HVWHUDVHV ȕHVWHUDVHV  DFWLYLW\ ZDV PHDVXUHG
DFFRUGLQJWRWKHPHWKRGGHVFULEHGE\9DQ$VSHUHQ
>@ XVLQJ EHWD QDSKWK\O DFHWDWH DV VXEVWUDWH 7KH
UHDFWLRQPL[WXUHFRQVLVWHGRIPOVXEVWUDWHVROXWLRQ
[0ȕQDSKWK\ODFHWDWHDFHWRQHDQG0
SKRVSKDWH EXIIHU S+  DQG  ȝO RI ODUYH
KRPRJHQDWH7KHPL[WXUHZDVLQFXEDWHGIRUH[DFWO\
PLQDWÛ&WKHQPORIGLD]REOXHFRORUUHDJHQW
SUHSDUHGE\PL[LQJSDUWVRIGLD]REOXH%DQG
 SDUWV RI  VRGLXP ODXUHO VXOSKDWH  ZDV DGGHG
7KH GHYHORSHG FRORU ZDV UHDG DW  QP IRU ȕ
QDSKWKROSURGXFHGIRUWKHVXEVWUDWH7KHHQ]\PDWLF
DFWLYLW\ZDVPHDVXUHGDQGH[SUHVVHGDVPJQDSKWKRO
UHOHDVHGODUYDPLQ
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)LHOGSRSXODWLRQVRIC. capitataIOLHVFROOHFWHG
IURPFLWUXVDQGRWKHUKRUWLFXOWXUHFURSVIURPVHYHUDO
JHRJUDSKLFDO DUHDV LQ QRUWK (J\SW VKRZHG
KHWHURJHQHRXVVXVFHSWLELOLW\WRPDODWKLRQ 7DEOH 
$IWHU 0$/$72; DSSOLFDWLRQ IOLHV FROOHFWHG IURP
WKH ZHVW ORFDWLRQ %HKHLUD JRYHUQRUDWH H[KLELW WKH
KLJKHVW PRUWDOLW\ UDWH   ZLWK QR
VWDWLVWLFDOO\ GLIIHUHQFHV ZLWK *KDUELD DQG .DIU (O
6KLNKORFDWLRQVKRZHYHUIOLHVZKLFKFROOHFWHGIURP
WKH HDVW ORFDWLRQ 6KDUNLD  VKRZHG WKH ORZHVW

5(68/76$1'',6&866,21

3HVWLFLGH UHVLVWDQFH DQG PRUWDOLW\ UDWHV ,Q
WKLV VWXG\ C. capitata ODERUDWRU\ VWUDLQ VKRZHG
GLIIHUHQW UHVSRQVH GXH WR WKH FRQFHQWUDWLRQ RI
PDODWKLRQ 7KH PRUWDOLW\ SHUFHQWDJH VLJQLILFDQWO\
GLIIHUHG F P  WKHKLJKHVWWZR
FRQFHQWUDWLRQV  DQG  SSP  VKRZHG WKH
KLJKHVW PRUWDOLW\ SHUFHQWDJHV  DQG
  UHVSHFWLYHO\ ZKLFK VWDWLVWLFDOO\
GLIIHUHG ZLWK RWKHU WHVWHG FRQFHQWUDWLRQV ,Q WKLV
UHJDUG WKH ORZHU FRQFHQWUDWLRQ  SSP  DFKLHYHG
WKHORZHVWPRUWDOLW\UDWH )LJXUH 

ϭϬϬ͕ϬϬ

Ă

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

PRUWDOLW\UDWH 寲 ZLWKDVLJQLILFDQWKLJK
UHVLVWDQFHSHUFHQWDJH F P 
  7DEOH 

Ă

ϵϬ͕ϬϬ
ϴϬ͕ϬϬ

ď

DŽƌƚĂůŝƚǇй

ϳϬ͕ϬϬ
ϲϬ͕ϬϬ

Đ

ϱϬ͕ϬϬ
ϰϬ͕ϬϬ

Ě

ϯϬ͕ϬϬ
ϮϬ͕ϬϬ

Ğ

ϭϬ͕ϬϬ
Ϭ͕ϬϬ
ϴϬϬƉƉŵ

ϰϬϬƉƉŵ

ϮϬϬƉƉŵ

ϭϬϬƉƉŵ

ϱϬƉƉŵ

ŽŶƚƌŽů

ŽŶĐĞŶƚƌĂƚŝŽŶƐ


),*85(
7R[LFLW\H[SUHVVHGE\GLIIHUHQWFRQFHQWUDWLRQVRIPDODWKLRQDJDLQVWWKHODERUDWRU\VWUDLQRI&FDSLWDWD
IOLHV%DUVLQGLFDWHVODQGHUHGHUURUDQGVDPHOHWWHUVLQGLFDWHVWDWLVWLFDOO\LQVLJQLILFDQWGLIIHUHQFHV

7$%/(
(Q]\PDWLFDFWLYLW\LQZKROHKRPRJHQDWHVRIGLIIHUHQWILHOGFRORQ\VWUDLQVRI&FDSLWDWDIOLHVFRPSDUHG
ZLWKWKHODERUDWRU\VWUDLQ
(Q]\PHDFWLYLW\ PLQJEZW 
$FHW\O
0L[HGIXQFWLRQ
ȕHVWHUDVHV
$ONDOLQH
6WUDLQ
FKROLQHVWHUDVH J
R[LGDVH 00VXE
JȕQDSKWKRO 
SKRVSKDWDVH
ȕQDSKWKRO 
2[LGL]HG 
8[
6KDUNLD

D

D

D

D

*KDUELD

F

F

E

EF

%HKHLUD

F

G

F

E

.DIU(O6KLNK

E

E

E

DE

/DERUDWRU\

G

G

G

F
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%LRFKHPLFDO DQDO\VLV 7KH K\GURO\]LQJ
HQ]\PDWLFDFWLYLWLHVLHDFHW\OFKROLQHVWHUDVH$FK(
DONDOLQH SKRVSKDWDVH ȕHVWHUDVHV DQG PL[HG
IXQFWLRQR[LGDVHZHUHPHDVXUHGLQC. capitataIOLHV
FROOHFWHGIURPFXOWLYDWHGRUFKDUGVLQIRXUGLIIHUHQW
ORFDWLRQV ZKLFK SUHYLRXVO\ PHQWLRQHG FRPSDUHG
ZLWKWKHEDVHOLQHODERUDWRU\VWUDLQ0HDVXUHPHQWVRI
HQ]\PH DFWLYLW\ PD\ VKHG OLJKW RQ WKH LQGXFWLYH
HIIHFW DQG WKH DFFXPXODWLYH UHVLVWDQFH RI FKHPLFDO
LQVHFWLFLGHVRQC. capitataIOLHV
7KH REWDLQHG UHVXOWV LQGLFDWHG WKDW WKH
HQ]\PDWLF DFWLYLW\ OHYHO LQ WKH ILHOG FRORQLHV ZHUH
PXFKKLJKHUWKDQWKRVHRIEDVHOLQHODERUDWRU\VWUDLQ
7DEOH   7KH IOLHV FROOHFWHG IURP 6KDUNLD
*RYHUQRUDWH VLJQLILFDQWO\ H[SUHVVHG WKH KLJKHVW
HQ]\PDWLF DFWLYLW\ P    IRU $FHW\O
FKROLQHVWHUDVH $ONDOLQH SKRVSKDWDVH ȕHVWHUDVHV
DQG P    IRU 0L[HG IXQFWLRQ R[LGDVH
+RZHYHU DPRQJVW ILHOG VWUDLQV WKH IOLHV ZKLFK
FROOHFWHG IURP %HKLHUD JRYHUQRUDWH DFKLHYHG WKH
ORZHVWHQ]\PDWLFDFWLYLW\LQDOOWHVWHGHQ]\PHV
7KH SURSHUWLHV RI DQ RUJDQRSKRVSKRUXV
FRPSRVLWLRQV ZKLFK GHILQH LWV VXVFHSWLELOLW\ WR
SKRVSKDWDVHFOHDYDJHDUHWKHVDPHZKLFKHQDEOHLWWR
LQKLELW DFHW\O FKROLQHVWHUDVH 7KH DONDOLQH
SKRVSKDWDVHDFWLYLW\ZDVH[SUHVVHGDV8[JEHW
LQIOLHVFROOHFWHGIURPWKHIRXUILHOGFRORQ\VWUDLQV
5HPDUNDEOH VLJQLILFDQW HQ]\PDWLF DFWLYLW\ F 
 P    ZHUH UHFRUGHG DPRQJ WKH
FROOHFWHGIOLHVGHSHQGLQJRQWKHLUORFDWLRQ 7DEOH 
7KH KLJKHVW DONDOLQH SKRVSKDWDVH DFWLYLW\ ZDV
DWWDLQHGLQIOLHVFROOHFWHGIURP6KDUNLDIROORZHGE\
.DIU (O6KHLNK *RYHUQRUDWHV 7KH FRUUHVSRQGLQJ
HQ]\PDWLFDFWLYLW\OHYHOVZHUHDQGXQLW
[ JEZW UHVSHFWLYHO\ 2Q WKH RWKHU KDQG WKH
ORZHVWHQ]\PDWLFDFWLYLW\OHYHOZDVQRWLFHGLQIOLHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

FROOHFWHG IURP %HKHLUD *RYHUQRUDWH WKH
FRUUHVSRQGLQJYDOXHZDVXQLW[JEZW
7KH HQ]\PH DFWLYLW\ RI ȕHVWHUDVHV ZDV
H[SUHVVHG DV J Į QDSKWKRO UHOHDVHG PLQJEZW
%DVHGRQWKHHQ]\PDWLFDFWLYLW\OHYHOVLQWKHWHVWHG
IOLHVWKHILHOGFRORQ\VWUDLQVFRXOGEHGHVFHQGLQJO\
DUUDQJHG LQ RUGHU DV IROORZV 6KDUNLD .DIU (O
6KHLNK *KDUELD DQG %HKHLUD VWUDLQV 7KH
FRUUHVSRQGLQJHQ]\PDWLFDFWLYLW\OHYHOVZHUH
  DQG  J Į QDSKWKRO UHOHDVHG
PLQJEZW UHVSHFWLYHO\ 7KH VDPH ZDV KDSSHQHG
ZLWK0L[HGIXQFWLRQR[LGDVHDFWLYLW\,WZDVREYLRXV
WKDWWKHHQ]\PDWLFDFWLYLW\OHYHOVVLJQLILFDQWO\YDULHG
DPRQJ VWUDLQV F   P     WKH
FRUUHVSRQGLQJDFWLYLW\UDWLRYDOXHVVKRZHGWKDWWKH
HQ]\PH DFWLYLW\ RI ȕHVWHUDVHV ZDV WKH KLJKHVW
DPRQJDOOWHVWHGHQ]\PHVLQDOOVWUDLQVSDUWLFXODUO\
LWDFKLHYHGWKHKLJKHVWYDOXHLQ6KDUNLDVWUDLQZKLOH
WKHORZHVWZDVUHFRUGHGLQ%HKHLUDVWUDLQ )LJXUH 
,Q RXU VWXG\ WKH IOLHV FROOHFWHG IURP WKH
ORFDWLRQ LQ WKH HDVW VLGH 6KDUNLD  H[KLELWHG WKH
KLJKHVW UHVLVWDQFH YDOXH ZLWK ORZ PRUWDOLW\ UDWH
ZKLOHIOLHVFROOHFWHGIURPWKHJRYHUQRUDWHORFDWHGLQ
WKH ZHVW VLGH %HKHLUD  UHFRUGHG WKH ORZHVW
UHVLVWDQFH YDOXH )URP RXU SRLQW RI YLHZ WKH
YDULDWLRQLQUHVLVWDQFHPD\EHGXHWRWKHDPRXQWRI
XVDJHRISHVWLFLGHVLQWKHVHDUHDV,WLVZHOONQRZQ
WKDW 6KDUNLD JRYHUQRUDWH FRQVLGHU IURP WKH KLJKHVW
JRYHUQRUDWHV LQ SHVWLFLGHV FRQVXPSWLRQ KRZHYHU
%HKHLUD JRYHUQRUDWH FRQWDLQV QHZ UHFODLPHG ODQGV
ZKHUHWKHXVDJHRISHVWLFLGHVLVSDUWO\IRUELGGHQ7KH
REWDLQHG GDWD UHYHOHG WKDW UHVLVWDQFH FRXOG EH
GHWHUPLQHGE\WKHGLVFULPLQDWLQJFRQFHQWUDWLRQDQG
WKH UHVLVWDQFH YDOXH ZDV KLJK LQ UHJLRQV ZKHUH
PDODWKLRQZDVIUHTXHQWO\XVHG


ĐĞƚǇůĐŚŽůŝŶĞƐƚĞƌĂƐĞ

ůŬĂůŝŶĞƉŚŽƐƉŚĂƚĂƐĞ

ɴͲĞƐƚĞƌĂƐĞƐ

DŝǆĞĚĨƵŶĐƚŝŽŶŽǆŝĚĂƐĞ

ϰ͕ϱϬ
ϰ͕ϬϬ

ĐƚŝǀŝƚǇƌĂƚŝŽ

ϯ͕ϱϬ
ϯ͕ϬϬ
Ϯ͕ϱϬ
Ϯ͕ϬϬ
ϭ͕ϱϬ
ϭ͕ϬϬ
Ϭ͕ϱϬ
Ϭ͕ϬϬ
^ŚĂƌŬŝĂ

'ŚĂƌďŝĂ

ĞŚĞŝƌĂ

<ĂĨƌůͲ^ŚĞŝŬŚ

^ƚƌĂŝŶ
),*85(
(Q]\PHDFWLYLW\UDWLRQLQGLIIHUHQWILHOGVWUDLQVFROOHFWHGIURPIRXUORFDWLRQV
%DUVLQGLFDWHVWDQGHUHGHUURU
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(Q]\PH DFWLYLW\ ELRDVVD\V FDQ FRPSOHPHQW
DQG JLYH DFTXDLQWDQFH DERXW LQVHFW SRSXODWLRQV
UHVLVWDQFH )RU LQVWDQW HVWHUDVH FDQ FDWDO\]H
K\GURO\VLVRIVHYHUDONLQGVRIHVWHUDVHZKLFKPDQ\
LQVHFWLFLGH JURXSV HJ RUJDQRSKRVSKDWHV
FDUEDPDWHV DQG S\UHWKURLGV PD\ FRQWDLQ >@
KHQFH WKHVH LQVHFWLFLGHV FRXOG GHWR[LI\ YLD
K\GURO\VLVRIWKHHVWHUERQGDQG0DODWKLRQLVRQHRI
WKHVH LQVHFWLFLGHV ZKLFK HVWHUDVH FDQ HIILFLHQWO\
K\GURO\]H$FFRUGLQJO\LQWKHSUHVHQWVWXG\LWZDV
REYLRXVWKDWC. capitataIOLHVFROOHFWHGIURP6KDUNLD
*RYHUQRUDWHKDGWKHKLJKHVWOHYHORIUHVLVWDQFHZKHQ
FRPSDUHG ZLWK WKH RWKHU ILHOG VWUDLQV VKRZHG WKH
KLJKHVW OHYHOV RI WKH HQ]\PDWLF DFWLYLWLHV LQFOXGHG
DONDOLQH
SKRVSKDWDVH
ȕHVWHUDVHV
DFHW\O
FKROLQHVWHUDVH DQG PL[HG IXQFWLRQ R[LGDVHV LQ
FRPSDUDEOHZLWKWKHRWKHUILHOGFRORQ\VWUDLQVZKLFK
UHFRUGHGORZHUOHYHOVRIWKHSHVWUHVLVWDQFH)XUWKHU
WKHS\UHWKURLGUHVLVWDQFHLQILHOGSRSXODWLRQVRIWKH
FRWWRQEROOZRUPHelicoverpa armigeraDQG7REDFFR
EXGZRUP Heliothis virescens LV IRUHPRVW DV D
FRQVHTXHQFH RI HVWHUDVH V RYHUSURGXFWLRQ ZKLFK
FDXVHS\UHWKURLGVPHWDEROLVP>@
,Q QRUWK VLGH RI (J\SW $EGHO%DVHW >@
PRQLWRUHGDUHJLRQDOUHVLVWDQFHSUREOHPVGHWHFWHGLQ
3LQNEROOZRUPPectinophora gossypiellaGXHWRWKH
H[FHVVLYH XVDJH RI RUJDQRSKRVSKDWH FKORUS\LIRV
WKLV SUREOHP H[WHQGHG WKURXJKRXW WKH PDMRULW\ RI
FRWWRQ JURZLQJ UHJLRQV +RZHYHU LQ XSSHU (J\SW
ILHOG FRORQ\ VWUDLQV RI WKH 0HGLWHUUDQHDQ IUXLW IO\
H[SUHVVHG KLJK UHVLVWDQFH SHUFHQWDJHV WR WKH
RUJDQRSKRVSKRUXV0DODWR[V\QFKURQL]HGZLWKKLJK
OHYHOVRIHQ]\PDWLFDFWLYLW\LQFOXGHGJOXWDWKLRQH6
WUDQVIHUDVH DONDOLQH SKRVSKDWDVH ĮHVWHUDVHV DQG
PL[HGIXQFWLRQR[LGDVHV>@ZKLFKXOWLPDWHO\OHDGV
WR PDQ\ HQYLURQPHQWDO SUREOHPV UHSUHVHQWHG E\
GLIILFXOWLHVLQFRQWUROOLQJVXFKLQVHFWSHVWV


&21&/86,216

$IWHU IUHTXHQWO\ LQWHQVLYH XVH RI
2UJDQRSKRVSKRUXV LQVHFWLFLGHV LQ SDUWLFXODU
PDODWKLRQ LQVHFWV DUH FDSDEOH WR DFFXPXODWH
UHVLVWDQFH WRZDUG VXFK LQVHFWLFLGHV 7KHVH LV PD\
OHDG WR XVH RI PRUH KD]DUGRXV LQVHFWLFLGHV 7KH
REVHUYDWLRQ RI UHVLVWDQFH VWDWXV LQ ILHOG VWUDLQV LV
VXEVWDQWLDOWRPRQLWRUWKHGHYHORSPHQWRIWKLVWUDLW
DQG WR ILQG WKH DOWHUQDWLYH SRVVLEOH PHWKRGV IRU
FRQWURO2XUUHVXOWVLQGLFDWHKLJKPRUWDOLW\UDWHVLQ
ODERUDWRU\ VWUDLQ V\QFKURQL]HG ZLWK ORZ UHVLVWDQFH
SHUFHQWDJH WKDQ WKRVH RI ILHOG VWUDLQV 5HVXOWV DOVR
LQGLFDWHG WKDW SRSXODWLRQV IURP GLIIHUHQW ILHOGV
VXEMHFWHGIUHTXHQWLQVHFWLFLGHVWUHDWPHQWVH[SUHVVHG
D KLJKO\ HQ]\PDWLF DFWLYLW\ UHSUHVHQWHG LQ
DSSUR[LPDWHO\WZRIROGVPRUHWKDQODERUDWRU\VWUDLQ







)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

5()(5(1&(6

>@ &RSHODQG 56 :KDUWRQ 5$ /XNH 4 'H
0D\HU0  ,QGLJHQRXVKRVWVRI&HUDWLWLV
FDSLWDWD 'LSWHUD 7HSKULWLGDH  LQ .HQ\D $QQ
(QWRPRO6RF$P±
>@ 7HUHVD05RGULJXH]56HJXUD')&ODG
-/ 6XWLHUVW 5:   3RWHQWLDO *HRJUDS
KLFDO'LVWULEXWLRQRIWKH0HGLWHUUDQHDQIUXLWIO\
&HUDWLWLV FDSLWDWD 'LSWHUD 7HSKULWLGDH  ZLWK
(PSKDVLVRQ$UJHQWLQDDQG$XVWUDOLD(QYLURQ
(QWRPRO
>@ 0RUDOHV3&HUPHOL0*RGR\)6DODV%
 $OLVWRI0HGLWHUUDQHDQIUXLWIO\&HUDWLWLV
FDSLWDWD:LHGHPDQQ 'LSWHUD7HSKULWLGDH KRVW
SODQWV EDVHG RQ WKH UHFRUGV RI ,1,$&(1,$3
0XVHXP RI ,QVHFWV RI $JULFXOWXUDO ,QWHUHVW
(QWRPRWURSLFD  ±
>@ 0HDWV $ 6PDOOULGJH &-   6KRUW DQG
ORQJUDQJH GLVSHUVDO RI PHGIO\ &HUDWLWLV
FDSLWDWD 'LSW 7HSKULWLGDH  DQG LWV LQYDVLYH
SRWHQWLDO-$SSO(QWRPRO  ±
>@ 0DODYDVL $   ,QWURGXFWRU\ 5HPDUNV ,Q
6KHOO\ 7 (SVN\ 1' -DQJ (% 5H\HV
)ORUHV-9DUJDV5HGLWRUV7UDSSLQJDQGWKH
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of ecological environment through financial agglomeration. Therefore, it is necessary to promote the
joint investment of government and social capital in
green industry and actively construct the green financial market system in inland areas.

ABSTRACT
The development of the financial industry can
promote regional economic growth, and the core
strength of the vigorous development of the financial
industry is financial agglomeration. Financial agglomeration is not only conducive to the development of regional economy, but also can improve the
efficiency of green economy, improve the quality of
economic development, and improve the current situation of economic development at the cost of the
environment. Environmental pollution has a significant restraining effect on high-quality economic development, but financial agglomeration can promote
high-quality economic development through environmental improvement effect and realize sustainable economic development. This paper aims at the
cooperation of the financial industry in The BeijingTianjin-Hebei region to analyze this proposition, so
as to make it more realistic and targeted. From the
perspective of financial agglomeration, this paper
studies the actual situation and development status of
the financial agglomeration strategy in The BeijingTianjin-Hebei region, especially its role in promoting social and economic development. The first step
is to judge the financial industry in The BeijingTianjin-Hebei region through relevant standards,
judge the current development status, and conclude
that the position and influence of the financial industry in the market are constantly rising, and the allocation of resources is also the same situation. Then
by means of location entropy and financial correlation rate, the current situation of financial concentration in Beijing-Tianjin-Hebei region is calculated,
and the situation of financial concentration and economic growth in the previous 10 years are analyzed.
Then, through relevant knowledge of statistics, the
influence of financial aggregation on social and economic level in The Beijing-Tianjin-Hebei region will
be explored, so as to make corresponding Suggestions on how to promote the development of financial aggregation. The interaction between economic
growth, environmental quality and financial agglomeration provides reference for further improvement

KEYWORDS:
Financial agglomeration, environmental pollution, Beijing-Tianjin-Hebei Region, location entropy, financial correlation ratio, regression analysis

INTRODUCTION
Since the reform and opening up, China's economy
has achieved rapid growth and remarkable achievements. However, with the development of economy,
China's environmental pollution and ecological destruction are more serious [1]. Figure 1 shows the
temporal trend of PM2.5 content in the Beijing-Tianjin-Hebei region from 2000 to 2018, indicating that
air pollution in the region is still severe. Ecological
environment has become an important factor restricting economic and social development. The traditional mode of production with high energy consumption and high pollution can no longer meet the
requirements of economic development, so the mode
of economic development must be changed [2].
China has taken green development and green governance as a new driving force for ecological progress [3-4]. It is of great significance to correctly
handle the relationship between environment, ecology and economic development and promote highquality economic development. Financial agglomeration promotes green technological innovation,
which brings benefits of energy conservation, consumption reduction and emission reduction [5], reduces environmental costs of enterprises, lightens
environmental burden and promotes coordinated
economic development. Financial agglomeration
can promote the level of urbanization. With the continuous improvement of the financial development
level of The Beijing-Tianjin-Hebei region, the Beijing-Tianjin-Hebei region continues to develop in a
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FIGURE 1
The temporal trend of PM2.5 content in the Beijing-Tianjin-Hebei region.
system. Through the in-depth analysis of the development process of financial agglomeration in Beijing-Tianjin-Hebei region, this paper studies the economic benefits of financial agglomeration and its
promoting effect on the development of market
economy. Its practical significance lies in the calculation of the horizontal and vertical degree of financial agglomeration in Beijing-Tianjin-Hebei region,
as well as its influence on the economy, which can
effectively promote the process of financial agglomeration in Beijing-Tianjin-Hebei region and promote
the coordinated development of Beijing-Tianjin-Hebei region. The innovation of this paper is to study
the effect of financial agglomeration on environmental pollution in the process of introducing environmental pollution into regional economy.
Reference [7] was the first scholar to study the
relationship between financial agglomeration and
economic growth. He believed that financial agglomeration could promote economic growth. Reference [8] pointed out that the high-quality development of regional economy needs the support of a
good financial agglomeration system. Many other
scholars have studied the role of financial agglomeration on economic growth. From the perspective of
enterprises, Reference [9] believed that financial agglomeration increased the financing channels of enterprises and expanded the scale of innovation investment, thus promoting economic growth. Reference [10] analyzed the innovation activities of
American listed companies and found that finance
provided an important guarantee for enterprise innovation. From the perspective of the region as a
whole, Reference [11] believes that financial agglomeration brings more information and resources
to the region as a whole, produces positive economic
externalities, and promotes economic growth. In addition, financial agglomeration can also reduce
transaction costs and serve economic development
through an intermediary system [12]. Reference [1315] studied the relationship between financial agglomeration and the growth of green economy and

coordinated manner [6].
Whether financial agglomeration can grow
healthily depends on the development of financial
industry. The gathering activities of financial capital
and financial institutions have a great promotion effect on the development of financial industry. At present, the Beijing-Tianjin-Hebei region is the region
with the fastest development of the financial industry, but the synergy between cities is not obvious, especially many activities are still at the level of promotion and implementation, but not implemented in
practice. As the financial industry in The BeijingTianjin-Hebei region is relatively dispersed, the gap
between cities is large, leading to huge differences in
the growth and development of the financial industry, hindering the development of this policy. Therefore, it is necessary to conduct an in-depth study on
the financial concentration phenomenon and urban
economic development in The Beijing-Tianjin-Hebei region, so as to further promote financial cooperation, guarantee the financial stability of various regions, promote the development of regional financial
integration, and promote green technology innovation, so as to reduce environmental pollution and
promote the high-quality development of regional
economy. This paper studies the influence of financial industry agglomeration in Beijing-Tianjin-Hebei region on economic development, which is helpful to further promote regional economic cooperation in Beijing-Tianjin-Hebei region and promote
national economic development. The study of financial agglomeration has important theoretical and
practical significance. Its theoretical significance lies
in the continuous supplement and reform of policies
related to financial agglomeration through the exploration of policies. While studying the direct impact
of financial agglomeration on regional economy, it
also studies how financial agglomeration affects the
level of economic development by improving environmental pollution. However, the current situation
is still based on the theoretical results in the macroscopic aspect, and there is still a lack of institutional
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of financial institutions, that is, the spatial agglomeration of a large number of financial institutions and
their affiliated service institutions. The cluster includes financial institutions such as securities, banking and insurance, as well as service institutions such
as accounting, investment consulting and auditing
[7, 24]. Financial agglomeration, on the other hand,
the financial function of agglomeration, financial agglomeration regions should make full use of agglomeration conditions for the optimal allocation of
financial resources in a reasonable manner to give
full play to the function of financial, at the same time
of promoting the regional financial development, financial development on surrounding regions produce diffusion joint function, the cycle of positive
impact, to maximize the financial resources of energy release.
Financial agglomeration is a kind of static result, which is the result of the spatial movement of
financial resources. Financial institutions and service
institutions are concentrated in a specific region, so
that the financial resources in this region reach a certain scale and form the agglomeration of financial industry. On the other hand, financial agglomeration is
a dynamic change, a process of financial capital
transfer to a specific region, and an organic process
of gradual selection and flow of financial resources,
so as to achieve a certain degree of concentration of
financial resources in a specific region.
Research on the development trend of Financial
agglomeration in Beijing-Tianjin-Hebei Region
based on location entropy.

found that financial agglomeration would reduce energy consumption and thus promote the growth of
green economy. Reference [16] studied the impact of
financial agglomeration on urbanization and found
that financial agglomeration can promote urbanization, which not only reflects population migration
but also represents economic growth. In addition, the
financial industry can improve the allocation efficiency of resources, and the development of finance
will promote the spatial agglomeration, and industrial agglomeration is the foundation of financial agglomeration. Reference [17] believed that financial
agglomeration could promote capital accumulation,
thereby promoting enterprise innovation and thereby
promoting economic growth. In this process, there
were spillover effects, which were mainly manifested as financial externalities and technological externalities. Innovation is the driving force of economic growth, and financial agglomeration can promote technological innovation and industrial upgrading within the region [18], an early literature of
empirical analysis on the relationship between financial development and economic growth, based on the
panel data of 35 countries from 1860 to 1963, used
the financial correlation rate and drew the conclusion
that financial development and economic growth had
the same trend. Later, Reference [19] and Reference
[20] further studied this view. In addition, some
scholars believe that there is a nonlinear relationship
between financial development and economic
growth [21-22]. Other scholars hold another view:
the impact of financial agglomeration on economic
growth is not a constant positive effect. In the development process of financial agglomeration, both
positive and negative effects exist simultaneously
[23].

(1) Location entropy calculation formula.
Entropy, or the rate of specialization, was proposed
by Haggett and reflects the degree of specialization
of an industry and the role of local regions in the
whole. The higher the level is, the higher the industrial agglomeration level is in the whole region.
Where, ܳܮ is the agglomeration level of i industry
in region j in the whole region, ݍ is the objective
reflection of i industry in region j (for example, GDP
and number of employees), ݍ is the objective reflection of all industries in region j, and m is the number
of industries. ݍ is the objective reflection of i industry in the whole region, n is the number of regions,
and  ݍis the objective reflection of all industries in
the whole region. In this section, the commonly used
location entropy is adopted to measure the agglomeration level of the financial industry in The BeijingTianjin-Hebei region, and the number of financial
industry employees and tertiary industry employees
in each city in the Beijing-Tianjin-Hebei region from
2009 to 2018 is used for calculation. The data are all
from The Statistical Yearbook of Chinese Cities
(2010-2018) [25].

MATERIALS AND METHODS
Theories on the influence of financial agglomeration on urban economic growth. Since the
1970s, financial institutions have begun to carry out
production activities and transactions in an intensive
and cooperative manner. From the initial partial agglomeration of Banks to the development of holding
companies, to the current phenomenon of institutional agglomeration, agglomeration has become the
basic mode of financial development. With the gradual improvement of financial agglomeration level,
the phenomenon of financial agglomeration in Beijing Financial Street is significant, and Shanghai Pudong has gradually become the financial agglomeration place. Therefore, it is necessary to study the development and change trend of financial agglomeration and further explore its influencing factors, so as
to promote the development process of inter-regional
financial agglomeration.
Financial agglomeration is the agglomeration

ܳܮ =
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(2) Calculation results. The calculated results
are shown in Table 1 and Figure 2. Table 1 shows the
agglomeration level of all cities in the Beijing-Tianjin-Hebei region. Figure 2 combines the analysis of
Hebei province to facilitate a macro comparison of
the financial agglomeration level of Beijing, Tianjin
and Hebei.
When the location entropy is greater than 1, it
indicates that financial industry has a high level of
financial agglomeration in this urban area. According to Table 1 and Figure 2. The financial industry in
the Beijing-Tianjin-Hebei region presents the agglomeration phenomenon on the whole. In table 1,
according to the number of cities whose location entropy was greater than 1 during 2009-2018, it can be
divided into three levels, as shown in Figure 3.

The Financial Interrelations Ratio, proposed by
Goldsmith, represents the Ratio between the social
financial activity level and the economic activity
level in a period of time. Levels of financial activity
are usually replaced by total financial assets. The calculation formula is:
FIR=

ி
ௐ

ൌ

௬ ఌሺଵା௩ሻ

(2)

ௐ
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Among them, FIR represents the financial correlation rate;ܨ௧ shows the outstanding market value
of financial instruments on moment; ܹ௧ represents
the market value of national wealth on moment; ܽ is
the ratio of GNP within a period to GNP at the end
of the period; ݕ௧ means the end year GNP;ߝ represents the ratio of total financial instrument issuance
to GNP. (1+ )ݒis the upsilon value adjustment term.

TABLE 1
Financial agglomeration (LQ) levels of The Beijing-Tianjin-Hebei Region from 2009 to 2018.
Region
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Mean
Beijing
1.03
0.99
0.98
0.99
1.13
1.22
1.23
1.23
1.16 1.12 1.11
Tianjin
0.75
0.77
0.79
0.79
0.68
0.63
0.62
0.64
0.79 0.96 0.74
Shijiazhuang 1.17
1.19
1.24
1.24
1.28
1.19
1.10
1.08
1.05 0.95 1.15
Tangshan 1.05
1.10
1.03
1.05
0.84
0.87
0.77
0.77
0.84 0.87 0.92
Qinhuang- 1.39
1.36
1.29
1.28
1.27
1.17
1.13
1.13
1.07 1.18 1.23
d
Handan
0.94
1.03
1.11
1.03
0.67
0.73
0.82
0.72
0.71 0.66 0.84
Xingtai
1.15
1.14
1.12
1.08
1.10
0.90
0.84
0.81
0.76 0.74 0.97
Baoding
1.06
0.98
0.95
0.97
0.80
0.57
0.76
0.78
0.73 0.68 0.83
Zhangjiakou 0.99
0.95
0.96
0.94
0.94
0.89
0.86
0.90
0.87 0.86 0.92
Chengde
0.88
1.37
1.36
1.40
1.48
1.46
1.23
1.46
1.60 1.67 1.39
Cangzhou 0.84
0.93
1.02
1.04
1.08
1.06
1.11
1.07
1.02 0.99 1.02
Langfang 1.03
1.01
0.92
0.83
0.77
0.77
0.70
0.64
0.66 0.59 0.79
Hengshui 1.34
1.39
1.54
1.48
1.30
1.17
1.20
1.13
1.05 1.08 1.27
1,4
1,2
1
0,8
0,6
0,4

Beijing
Tianjin

0,2

Hebei

0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
FIGURE 2
Financial agglomeration (LQ) levels of Beijing, Tianjin and Hebei from 2009 to 2018.
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Beijing,
Tianjin,
Shijiazhuang,
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Zhangjiakou, Qinhuangdao,
Chengde,
Cangzhou,
Hengshui

not obvious

Tangshan,
Handan ,

FIGURE 3
The agglomeration effect of financial industry in The Beijing-Tianjin-Hebei Region from 2009 to 2018.
that the degree of industry agglomeration in Hebei
province declined, this suggests that financial professionals in Beijing and Tianjin in Hebei province
migration, caused the expansion of the regional difference, in 2017, this phenomenon has been substantial. Based on the change trend of the financial agglomeration level of the two cities and one province
from 2009 to 2018, it can be boldly predicted that the
financial agglomeration level of the three cities will
gradually converge in the future to reduce regional
differences and promote coordinated development.
Since the financial agglomeration effect was
not significant before 2012, the year of 2012 was
taken as the starting year for spatial mapping of the
financial agglomeration situation every two years
thereafter. The spatial analysis was completed by
ArcGIS software as Figure 4 and Figure 5.
From Figure 4 and Figure 5, we can intuitively
see the horizontal and vertical changes of financial
agglomeration in The Beijing-Tianjin-Hebei region
from the perspective of employee changes. In 2012,
financial agglomeration in Beijing-Tianjin-Hebei region was mainly concentrated in Hengshui city,
Chengde City, Qinhuangdao City and Shijiazhuang
city, while financial agglomeration mainly concentrated in the northeast and south of Beijing-TianjinHebei region. In 2014, the financial agglomeration
level of Beijing has been significantly enhanced, and
the financial agglomeration level of other cities has
been appropriately reduced, which indicates the phenomenon of centralized flow of financial resources
to Beijing. In 2016, Beijing and Chengde became the
leading cities in the financial agglomeration level in
the Beijing-Tianjin-Hebei region. The financial industry in the upper and middle part of the BeijingTianjin-Hebei region is relatively concentrated, at
the expense of the lower financial agglomeration
level in the sur

The number of times whose location entropy
was greater than 1 during 2009-2018 was not less
than 7 times, namely, the agglomeration effect of the
financial industry was very obvious; The Times of
location entropy greater than 1 are no less than 3
times, that is, the agglomeration effect of financial
industry is general. The Times of location entropy
greater than 1 are less than or equal to 2 times, that
is, the agglomeration effect of financial industry is
not obvious.
Before 2012, Beijing's location entropy value is
around 1, shows that its financial industry agglomeration degree average in Beijing-Tianjin-Hebei region, since 2013, Beijing's location entropy has significant improvement, between 2014 and 2016, is located in 1.2 above, the financial agglomeration level
reached leading level in the Beijing-Tianjin-Hebei
region, and then, in 2017, location entropy is falling,
suggesting that Beijing's financial agglomeration is
becoming the average of the Beijing-Tianjin-Hebei
region. In the same year, the level of financial agglomeration in Tianjin has been improved, which indicates that the financial industry in Beijing has emigrated and promotes the coordinated development
of The Beijing-Tianjin-Hebei region. Before 2012,
Tianjin location entropy value is above 0.7, and then
from 2012 to 2016 is below 0.7, shows that in the
period of Tianjin financial industry development has
not been substantial improve, but in 2017, we can
clearly see the Tianjin location entropy value is 0.8,
shows that the coordinated development of BeijingTianjin-Hebei region led to financial industry agglomeration level in Tianjin. When before 2012, Hebei location entropy are greater than 1 and above in
Beijing, shows the level of financial development
and agglomeration in Hebei province is better than
that of Beijing, and then the location entropy is lower
and lower than Beijing, after 2013 years, we can see
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FIGURE 4
Spatial lay out of Financial Agglomeration in Beijing-Tianjin-Hebei Region in 2012 and 2014.
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FIGURE 5
Patial Layout of Financial Agglomeration in Beijing-Tianjin-Hebei Region in 2016 and 2018 (LQ).
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TABLE 2
Analysis of Variance of regression Equation (ANOVA)
Sum of squares Degrees of freedom
Mean square error
F
3.162
10
0.316
68.203
0.524
113
0.005
/
3.685
123
/
/

Model

Standard
error

PCG
IN
TI
EDU
LW
FLF
GAL
IC
LI
EO

0.074
0.070
0.081
0.028
0.096
0.050
0.028
0.068
0.039
0.022

TABLE 3
Regression equation coefficients
Lower confiCoefficient Significance dence interval
(95%)
-0.110
0.301
-0.222
-1.285
0.000
-0.642
0.160
0.489
-0.104
0.276
0.000
0.049
0.506
0.000
0.293
0.493
0.000
0.110
0.039
0.654
-0.043
0.102
0.527
-0.092
0.414
0.000
0.083
0.230
0.010
0.014

Upper confidence interval
(95%)
0.069
-0.366
0.216
0.160
0.672
0.309
0.068
0.178
0.238
0.102

Signifi0.000
/
/

VIF
8.959
25.110
42.361
4.416
7.974
11.038
6.019
20.414
8.139
6.186

level of other cities around Beijing has been significantly improved, and the financial industry in central
China has gradually spread southward.

rounding cities. In 2018, except Baoding, the financial agglomeration level of most of the cities around
Beijing has been significantly improved, and the financial industry in central China has gradually
spread southward to Handan city.

Data selection. Data were selected from The
Statistical Yearbook of Chinese Cities (2010-2018).
In recent ten years, the sample data is 130 groups The
variables we selected were GDP, industrialization
(IN), tertiary industry (TI), education (EDU), wage
(LW), financial labor force (FLF), government activity level (GAL), infrastructure (IC), information
development (LI), and economic openness (EO).

RESULTS
Model construction. The model construction
mainly involves the analysis of the correlation between the explanatory variable and the financial correlation rate of the explained variable.
We use the Pearson Correlation Coefficient
model. From Figure 4 and Figure 5, we can intuitively see the horizontal and vertical changes of financial agglomeration in The Beijing-Tianjin-Hebei
region from the perspective of employee changes. In
2012, financial agglomeration in Beijing-TianjinHebei region was mainly concentrated in Hengshui
city, Chengde City, Qinhuangdao City and Shijiazhuang city, while financial agglomeration mainly
concentrated in the northeast and south of BeijingTianjin-Hebei region. In 2014, the financial agglomeration level of Beijing has been significantly enhanced cities has been appropriately reduced, which
indicates the phenomenon of centralized flow of financial resources to Beijing. In 2016, Beijing and
Chengde became the leading cities in the financial
agglomeration level in the Beijing-Tianjin-Hebei region. The financial industry in the upper and middle
part of the Beijing-Tianjin-Hebei region is relatively
concentrated, at the expense of the lower financial
agglomeration level in the surrounding cities. In
2018, except Baoding, the financial agglomeration

Regression analysis. SPSS was used to establish a regression analysis model between the above
10 explanatory variables and the financial correlation rate of the explained variables, and the commonly used least square estimation was used for parameter estimation. The analysis of variance
(ANOVA) of the regression equation is shown in Table 2. The coefficients of the regression equation are
shown in Table 3.
According to the regression equation coefficients in Table 3, it can be seen that the regression
coefficients of most explanatory variables are positive, and the 95% confidence interval is positive,
which is in line with the real expectations of correlation and financial significance. Considering that
some explanatory variables fail the significance test
and that some explanatory variables exist multicollinearity, the analysis results are not analyzed in detail. The model is modified by stepwise regression
method. Through the step regression method, the
significance level was set to continuously eliminate
and select explanatory variables, and finally all selected explanatory variables passed the significance
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pollution and ecological damage. At present, environmental governance is mainly controlled by the
government. The establishment of green financial
market system and the acceleration of green technological innovation through financial agglomeration
not only provide us with new ideas for environmental governance, but also promote the development of
green economy and realize the sustainable development of society. In this regard, we propose two Suggestions: First, the government should further play
the important role of policies in promoting financial
agglomeration at the national level, and guide credit
funds and social capital into the green investment
field. Second, build a green financial market system
with policy support, guidance and multi-party participation, formulate and improve market rules and regulatory frameworks, and promote the development
of green finance.

test. Then the collinearity problem is corrected and
the explanatory variables greater than 5 are eliminated. Finally, the regression model is determined.
Result analysis. By modifying the regression
model, better analysis results are obtained. In order
to explore the factors that are most affected by financial agglomeration, significance test is carried out,
and the five explanatory variables that pass the significance test are greatly affected by financial agglomeration, namely: financial industry labor force
level, wage level of social labor force, Information
level, level of Educational Development, degree of
opening-up. To be specific, under the financial agglomeration, more and more financial practitioners
gather in cities, which can make the local financial
industry develop greatly. The agglomeration of financial talents and the development of urban economy will inevitably promote the wage level of social
labor force. In the process of financial agglomeration, more and more high-quality talents are also
needed, so the education level is bound to develop.
Similarly, in the current information development
process, the use of computer requirements is also
constantly improving, so the level of the entire city
information is bound to improve. In the process of
financial agglomeration, more and more talents will
also gather together, which will also affect the openness of the whole city.

ACKNOWLEDGEMENTS
The work was not supported by any funds. The
author would like to show thanks to the persons who
have helped this research.
REFERENCES
[1] Chuai, X., Lu, Q., Huang, X., Gao, R., and Zhao,
R. (2021) China’s construction industry-linked
economy-resources-environment flow in international trade. Journal of Cleaner Production.
278, 124-129.
[2] Jing, Z. and Wang, J. (2020) Sustainable development evaluation of the society–economy–environment in a resource-based city of China: A
complex network approach. 263, 71-78.
[3] Zhao, M., Liu, F., and Song, Y. (2020) Impact
of Air Pollution Regulation and Technological
Investment on Sustainable Development of
Green Economy in Eastern China: Empirical
Analysis with Panel Data Approach. 12(8), 1218.
[4] Ya, R., Kong, F., and Zhang, T. (2019) Evaluation and analysis of coordinated development of
eco-environment and ethnic region economy.
Fresen. Environ. Bull. 29(3), 1672-1676.
[5] Cai, X., Zhu, B., Zhang, H., Li, L., and Xie, M.
(2020) Can direct environmental regulation promote green technology innovation in heavily
polluting industries? Evidence from Chinese
listed companies. Science of the Total Environment. 746, 1135-1141.
[6] Ye, C., Sun, C., and Chen, L. (2018) New evidence for the impact of financial agglomeration
on urbanization from a spatial econometrics
analysis. Journal of Cleaner Production. 200,
65-73.

CONCLUSIONS
This paper studies the relationship between financial agglomeration and regional economic development from the perspective of environmental pollution and finds that financial agglomeration can
promote regional economic growth by improving environmental pollution and realize the coordinated development of environment and economic growth. In
this paper, the current situation of financial development in The Beijing-Tianjin-Hebei region in the past
ten years is firstly analyzed. It can be seen that the
proportion of added value of the financial industry
and tertiary industry in GDP has been increasing
year by year, and the development of the financial
industry has been on the rise year by year. Second,
by horizontal comparison of the added value of the
financial industry in Beijing, Tianjin and Hebei, it
can be found that the added value of the financial industry in Beijing tends to shift to the added value of
Tianjin and Hebei , which is an objective manifestation of the coordinated development of the BeijingTianjin-Hebei region. Thirdly, through correlation
analysis and regression analysis, it is concluded that
financial agglomeration has five main influences on
urban economic development.
The financial agglomeration in The BeijingTianjin-Hebei region can not only promote economic development, but also improve environmental

3752

© by PSP

Volume 30– No. 04/2021 pages 3744-3753

Fresenius Environmental Bulletin

[21] Leyshon, A. and Thrift, N. (1997) Spatial Financial Flows and the Growth of the Modern City.
International Social Science Journal. 49(151),
41-53.
[22] Manganelli, S. and Popov, A. (2013) Financial
dependence, global growth opportunities, and
growth revisited. Economics Letters. 120(1),
1015-1022.
[23] Ductor, L. and Grechyna, D. (2015) Financial
development, real sector, and economic growth.
International Review of Economics & Finance.
37, 393-405.
[24] Rioja, F. and Valev, N. (2014) Stock Markets,
Banks and the Sources of Economic Growth in
Low and High Income Countries. Journal of
Economics and Finance. 38(2), 178-188.
[25] Beck, T. and Levine, R. (2000) Financial Intermediation and Growth: Correlation and Cansality. Journal of Banking and Finance. 7, 423-442.

[7] Schumpeter, J. (1911) Theory of Economic Development. Cambridge: Harvard University
Press.
[8] Hassan, M., Sanchez, B., and Yu, J. (2011) Financial development and economic growth:
New evidence from panel data. The Quarterly
Review of Economics and Finance. 51(1), 88104.
[9] Tadesse, S. (2011) Financial Architecture and
Economic Performance: International Evidence.
Journal of Finance Intermediation. 11(4), 429454.
[10] Fang, C., Cui, X., Li, G., Bao, C., Wang, Z., Ma,
H., Sun, S., Liu, H., Luo, K., Ren, Y. (2019)
Modeling regional sustainable development
scenarios using the urbanization and eco-environment coupler: case study of Beijing-TianjinHebei urban agglomeration, China. Science of
the Total Environment. 689(1),820-830.
[11] Atanassov, J. (2013) Do hostile takeovers stifle
innovation? Evidence from antitake over legislation and corporate patenting. Journal of Finance. 68(3), 1097-1131.
[12] Muhsin, K. (2011) Financial Development and
Economic Growth Nexus in the MENA Countries: Bootstrap Panel Granger Causality Analysis. Economic Modeling. 3, 101-109.
[13] Greenwood, J. and Jovanovic, B. (1990) Financial development, growth, and the distribution
of income. Journal of Political Economy. 98 (5),
1076-1107.
[14] Chang, S. (2015) Effects of financial developments and income on energy consumption. International Review of Economics and Finance.
35(1), 28-44.
[15] Yuan, H., Feng, Y., Lee, J., Liu, H., and Li, R.
(2020) The spatial threshold effect and its regional boundary of financial agglomeration on
green development: A case study in China. Journal of Cleaner Production. 244, 781-787.
[16] Xu, Z., Zhai, S. and Qian, C. (2019) The Impact
of Green Financial Agglomeration on the Ecological Efficiency of Marine Economy. Journal
of Coastal Research. 94(1), 122-129.
[17] Paul, K. (1990) Increasing Returns and Economic Geography. NBER Working Papers.
99(3), 483-499.
[18] Lin, Z. and Zhao, L. (2019) Evaluation and analysis of coordinated development of ecological
environment and economy. Fresen. Environ.
Bull. 28(5), 4049-4053.
[19] Audress, D. and Feldman, M. (2006) Spillovers
and the geography of innovation and production.
American Economic Review. 86(3), 630-640.
[20] Fry, M. and Goldsmith, R. (1970) Financial
Structure and Development. Economica.
37(148), 435.

Received:
Accepted:

08.11.2020
26.12.2020

CORRESPONDING AUTHOR
Shan Xu
School of Economics,
Ocean University of China,
Qingdao 266100 – China
e-mail: shanxuouc@163.com

3753

E\363 

9ROXPH±1RSDJHV



                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


5(6($5&+217+(5(/$7,216+,3%(7:((1&2$/
0,1(&200,66,21,1*$1'6$)(7<3(5)250$1&(
%$6('216<67(0'<1$0,&6

;XH<DQJ+DQ\XDQ=KDQJ 1LDQTLQJ)HQJ+DRZHQ/L:HQMLQJ=KDQJ

6FKRRORI0DQDJHPHQWDQG(FRQRPLFV1RUWK&KLQD8QLYHUVLW\RI:DWHU5HVRXUFHVDQG(OHFWLF3RZHU=KHQJ]KRX+HQDQ&KLQD 



$%675$&7

,Q RUGHU WR VROYH WKH SUREOHP RI WKH UHODWLRQ
VKLS EHWZHHQFRDO PLQH SURGXFWLRQDQG VDIHW\ SHU
IRUPDQFHV\VWHPG\QDPLFVLVXVHGWRVLPXODWHFRDO
PLQH SURGXFWLRQ DQG VDIHW\ SHUIRUPDQFH 7KH UH
VHDUFKUHVXOWVVKRZWKDWLQWKHSURFHVVRIFRDOPLQH
SURGXFWLRQ VDIHW\ LQYHVWPHQW KDV D FHUWDLQ ODJ LQ
WKHLPSDFWRIWKHVDIHW\OHYHORIYDULRXVIDFWRUVLQ
WKH ORQJ UXQ LQFUHDVLQJ VDIHW\ LQYHVWPHQW KDV D
VLJQLILFDQWUROHLQSURPRWLQJWKHVDIHW\SHUIRUPDQFH
RIFRDOPLQHVKXPDQIDFWRUOHYHODQGPDQDJHPHQW
IDFWRU OHYHO LV SRVLWLYHO\ FRUUHODWHG ZLWK FRDO PLQH
VDIHW\SHUIRUPDQFH,QRUGHUWRHIIHFWLYHO\LPSURYH
WKHVDIHW\OHYHORIFRDOPLQHVLWLVQHFHVVDU\WRLQ
FUHDVHVDIHW\LQYHVWPHQW



IHFWLYHO\ VDIHJXDUG SHRSOH¶V OLYHV DQG SURSHUW\
7KHUHIRUH LW LV YHU\ QHFHVVDU\ WR VWUHQJWKHQ WKH
VDIHW\ SHUIRUPDQFH PDQDJHPHQW RI FRDO PLQLQJ
HQWHUSULVHV ZKLFK KDV LPSRUWDQW SUDFWLFDO VLJQLIL
FDQFHWRHQVXUHWKHORQJWHUPGHYHORSPHQWRIFRDO
PLQLQJHQWHUSULVHV>@
6DIHW\ SHUIRUPDQFH LV DQ LPSRUWDQW PHDQV WR
PHDVXUH WKH OHYHO DQG HIIHFW RI HQWHUSULVH VDIHW\
PDQDJHPHQWLQDFHUWDLQSHULRGDQGLWDOVRSOD\VDQ
LPSRUWDQW UROH LQ WKH LQGHSWK GHYHORSPHQW RI HQ
WHUSULVH VDIHW\ PDQDJHPHQW 7KHUHIRUH LW LV YHU\
QHFHVVDU\WREXLOGDVFLHQWLILFDQGUHDVRQDEOHVDIHW\
SHUIRUPDQFH HYDOXDWLRQ V\VWHP ZKLFK DOVR KDV
LPSRUWDQW SUDFWLFDO VLJQLILFDQFH IRU LPSURYLQJ WKH
VDIHW\ PDQDJHPHQW V\VWHP RI FRDO PLQHV DQG LP
SURYLQJ WKH RYHUDOO VDIHW\ SHUIRUPDQFH RI WKH HQ
WHUSULVH>@
6\VWHP G\QDPLFV DSSHDUHG LQ  DQG LWV
IRXQGHU ZDV 3URIHVVRU -: )RUUHVWHU RI 0DVVDFKX
VHWWV ,QVWLWXWH RI 7HFKQRORJ\ 0,7  6\VWHP G\
QDPLFVLVDV\VWHPVLPXODWLRQPHWKRGSURSRVHGE\
3URIHVVRU )RUUHVWHU LQ  WR DQDO\]H SURGXFWLRQ
PDQDJHPHQW DQG LQYHQWRU\ PDQDJHPHQW DQG RWKHU
FRUSRUDWH SUREOHPV ,W ZDV RULJLQDOO\ FDOOHG LQGXV
WULDO G\QDPLFV ,W LV D GLVFLSOLQH WKDW DQDO\]HV DQG
VWXGLHVLQIRUPDWLRQIHHGEDFNV\VWHPVDQGLVDOVRD
FURVVLQWHJUDWHG GLVFLSOLQH WKDW UHFRJQL]HV DQG
VROYHV V\VWHP SUREOHPV )URP WKH SHUVSHFWLYH RI
V\VWHPPHWKRGRORJ\V\VWHPG\QDPLFVLVWKHXQLW\
RI VWUXFWXUDO PHWKRGV IXQFWLRQDO PHWKRGV DQG KLV
WRULFDO PHWKRGV ,W LV EDVHG RQ V\VWHP WKHRU\ DQG
DEVRUEVWKHHVVHQFHRIF\EHUQHWLFVDQGLQIRUPDWLRQ
WKHRU\ ,W LV D KRUL]RQWDO GLVFLSOLQH WKDW LQWHJUDWHV
QDWXUDOVFLHQFHVDQGVRFLDOVFLHQFHV>@
6\VWHPG\QDPLFVXVHVWKHV\VWHPVFLHQFHLGHD
RI (YHU\ V\VWHP PXVW KDYH VWUXFWXUH DQG V\VWHP
VWUXFWXUH GHWHUPLQHV V\VWHP IXQFWLRQ >@ $F
FRUGLQJWRWKHIHHGEDFNFKDUDFWHULVWLFVRIWKHLQWHU
QDOFRPSRQHQWVRIWKHV\VWHPEHLQJFDXVDOWKHURRW
RI WKHSUREOHP LVIRXQGIURP WKH LQWHUQDO VWUXFWXUH
RI WKH V\VWHP UDWKHU WKDQ H[WHUQDO LQWHUIHUHQFH RU
UDQGRP HYHQWV WR LOOXVWUDWH WKH QDWXUH RI WKH V\V
WHP VEHKDYLRUZLGHO\XVHGLQXUEDQHFRQRPLFGH
YHORSPHQWEXVLQHVVPDQDJHPHQWHQHUJ\SODQQLQJ
VDIHW\ PDQDJHPHQW HWF 'RPHVWLF VFKRODUV KDYH
DOVRSURSRVHGWKHXVHRIV\VWHPG\QDPLFVWRVWXG\
VDIHW\SURGXFWLRQV\VWHPV%DVHGRQWKHDQDO\VLVRI
FRDO PLQH VDIHW\ SURGXFWLRQ V\VWHPV WKLV SDSHU

.(<:25'6
&RDO PLQH 6DIHW\ SHUIRUPDQFH 6\VWHP G\QDPLFV
&RPPLVVLRQLQJ
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$V DQ LPSRUWDQW HQHUJ\ VRXUFH FRDO RFFXSLHV
DSLYRWDOSRVLWLRQLQP\FRXQWU\ VHFRQRPLFGHYHO
RSPHQW>@$IWHU\HDUVRIGHYHORSPHQWLQWKH
FRDOLQGXVWU\FRDOPLQHHTXLSPHQWWHFKQRORJ\VDIH
SURGXFWLRQ HQYLURQPHQW DQG JXDUDQWHH FRQGLWLRQV
KDYH EHHQ JUHDWO\ LPSURYHG DQG GHYHORSHG >@
+RZHYHUFRPSDUHGZLWKGHYHORSHGFRXQWULHVWKHUH
LV VWLOO D ELJ JDS HVSHFLDOO\ GLVDVWHUV VXFK DV JDV
DQG URRIZKLFK VWLOO VHULRXVO\ WKUHDWHQ WKHOLYHV RI
FRDO PLQHUV DQG WKH VDIH SURGXFWLRQ RI FRDO HQWHU
SULVHV>@&RDOPLQLQJHQWHUSULVHVVKRXOGQRWRQO\
LQFUHDVH WKH LQWHQVLW\ RI VDIHW\ PDQDJHPHQW EXW
DOVR UHILQH VDIHW\ PDQDJHPHQW DQDO\]H WKH SURE
OHPV H[LVWLQJ LQ WKH VDIHW\ PDQDJHPHQW SURFHVV
DQG ILQG RXW WKH VSHFLILF UHDVRQV WKDW OHDG WR SRRU
VDIHW\ PDQDJHPHQW UHVXOWV >@ ,Q UHFHQW \HDUV
FRDOPLQHVDIHW\SURGXFWLRQKDVDWWUDFWHGPRUHDQG
PRUH DWWHQWLRQ IURP WKH VRFLHW\ &RDO HQWHUSULVHV
VKRXOG GHHSO\ XQGHUVWDQG WKH DUGXRXVQHVV DQG
FRPSOH[LW\ RI VDIHW\ SURGXFWLRQ DFWLYHO\ SURPRWH
FRDO PLQH VDIHW\ SHUIRUPDQFH HYDOXDWLRQ VWUHQJWK
HQ WKH VHQVH RI PLVVLRQ DQG UHVSRQVLELOLW\ DQG HI
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ILUVWOHYHO LQGLFDWRUV QDPHO\ VDIHW\ VWUDWHJ\ SODQ
QLQJOHDGHUSURGXFHUVDIHW\SURFHVVPDQDJHPHQW
VDIHW\ UHVXOWVDXGLW DQDO\VLV DQG ,PSURYHPHQW 
VHFRQGDU\LQGLFDWRUVDQGWHUWLDU\LQGLFDWRUV
$QDO\]LQJ WKH LQGLFDWRU V\VWHP LW FDQ EH
IRXQG WKDW WKH ³H[WHUQDO VHFXULW\ UHTXLUHPHQWV´ LQ
WKH VHFRQGDU\ LQGLFDWRUV UHIOHFW WKH LPSDFW RI WKH
H[WHUQDOVHFXULW\HQYLURQPHQWRQWKHVDIHW\SHUIRU
PDQFH OHYHO RI WKH HQWHUSULVH DQG SOD\ D JXLGLQJ
UROHLQWKHGHSOR\PHQWRIWKHHQWHUSULVH¶VQH[WVWDJH
RI VHFXULW\ VWUDWHJLF SODQQLQJ 6DIHW\ JRDOV DQG
VDIHW\ DWPRVSKHUH HPERGLHV WKH HVWDEOLVKPHQW RI
LQWHUQDOVDIHW\JRDOVRIDQHQWHUSULVH6DIHW\FXOWXUH
DQGDWPRVSKHUHZLOOKDYHDQLPSDFWRQVDIHW\SHU
IRUPDQFH
/HDGHUVKLS &RPPLWPHQW DQG 0DQDJHU5H
YLHZ HPSKDVL]H WKH LPSRUWDQFH RI OHDGHUV IRU HQ
WHUSULVH VDIHW\ SHUIRUPDQFH PDQDJHPHQW DQG WKH
DWWHQWLRQ RI OHDGHUV SOD\V D YLWDO UROH LQ LPSURYLQJ
HQWHUSULVH VDIHW\ SHUIRUPDQFH ,Q SDUWLFXODU WKH
FRPPXQLFDWLRQ EHWZHHQ WKH OHDGHU DQG IURQWOLQH
HPSOR\HHVDQGWKHOHDGHU¶VUROHDVDJRRGH[DPSOH
DUH WR PRWLYDWH HPSOR\HHV¶ VDIHW\ HQWKXVLDVP LP
SURYH HPSOR\HHV¶ VDIHW\ DZDUHQHVV VWUHQJWKHQ
FRUSRUDWH VDIHW\ PDQDJHPHQW HIIHFWV DQG FKDQJH
IURP,ZDQWWREHVDIHWR,ZDQWWREHVDIH7KHQ
LPSURYH WKH RYHUDOO VDIHW\ SHUIRUPDQFH RI WKH HQ
WHUSULVH 5LVN PDQDJHPHQW  RQVLWH PDQDJHPHQW
DQG LQVSHFWLRQ  DQG HPHUJHQF\ PDQDJHPHQW  FDQ
DOVR EH VHHQ WKDW WKH HYDOXDWLRQ LQGH[ V\VWHP IR
FXVHV RQ SURFHVV PDQDJHPHQW HPSKDVL]LQJ WKH
ZKROHSURFHVVPDQDJHPHQWDQGWKHSDUWLFLSDWLRQRI
DOOHPSOR\HHVZKLFKLVLQOLQHZLWKWKHFRQFHSWRI
SURFHVVPDQDJHPHQWLQWKHH[FHOOHQWSHUIRUPDQFH
PRGHO (VSHFLDOO\ ,W LV WKH SURSRVDO RI WKH
WKUHHOHYHO LQGLFDWRUV 0DMRU +LGGHQ 'DQJHU 0DQ
DJHPHQW 6LWXDWLRQ DQG &RQWLQXRXV 5HVHDUFK RQ
3RWHQWLDO +D]DUG )DFWRUV ZKLFK IXUWKHU LOOXVWUDWHV
WKDW WKH LQGLFDWRU V\VWHP IRFXVHV RQ SURFHVV PDQ
DJHPHQW DQG HPSKDVL]HV FRQWLQXRXV LPSURYHPHQW
7KH SURSRVDO RI 6DIHW\ (TXLSPHQW DQG )DFLOLWLHV
&RQILJXUDWLRQ UHIOHFWV WKLV LQGLFDWRU 7KH V\VWHP
HPSKDVL]HV LQWULQVLF VDIHW\ PDQDJHPHQW WKDW LV
XQGHU FHUWDLQ HFRQRPLF DQG WHFKQLFDO FRQGLWLRQV
SUHLGHQWLILFDWLRQ HYDOXDWLRQ DQG FODVVLILFDWLRQ RI
PDMRU KD]DUGV NQRZQ LQ WKH V\VWHP GXULQJ WKH HQ
WLUHOLIHF\FOHRIWKHFRDOPLQHVRDVWRDFKLHYHWKH
SXUSRVH RI HOLPLQDWLQJ UHGXFLQJ DQG FRQWUROOLQJ
PDMRU KD]DUGV  $QG HTXLSSHG ZLWK FRUUHVSRQGLQJ
EDFNXS V\VWHPV DQG SURWHFWLYH GHYLFHV WR SUHYHQW
DFFLGHQWVRUPLQLPL]HDFFLGHQWORVVHV

&RDO PLQH FRPPLVVLRQLQJ DQG VDIHW\ SHU
IRUPDQFH VLPXODWLRQ   7KH LPSDFW RI VDIHW\
OHYHO RQ VDIHW\ SHUIRUPDQFH ,Q RUGHU WR H[SUHVV
WKH LQIOXHQFH RI WKH LQLWLDO YDOXH RI VDIHW\ OHYHO RI
YDULRXV IDFWRUV LQ FRDO PLQH VDIHW\ SURGXFWLRQ RQ
VDIHW\ SHUIRUPDQFH WKH PRGHO ZDV VLPXODWHG 7KH
VLPXODWLRQLVEDVHGRQRIWKHLQLWLDOYDOXHOHYHO
DQGREWDLQVWKHWUHQGPDSRIFRDOPLQHVDIHW\SHU

HVWDEOLVKHV D V\VWHP G\QDPLFV PRGHO RI FRDO PLQH
VDIHW\ SURGXFWLRQ IDFWRUV VDIHW\ LQSXWV DQG VDIHW\
SHUIRUPDQFH EDVHGRQ WKH SULQFLSOHVRI V\VWHP G\
QDPLFV7KHV\VWHPG\QDPLFVVLPXODWLRQLVXVHGWR
UHDOL]H WKH G\QDPLF HYDOXDWLRQ DQG TXDQWLWDWLYH
SUHGLFWLRQ RI WKH V\VWHP VDIHW\ SHUIRUPDQFH DQG
WKURXJK WKH VLPXODWLRQ UHVXOWV WKH LQLWLDO YDOXH RI
WKH VDIHW\ OHYHO DQG WKH LQFUHDVH UDWH RI VDIHW\ LQ
YHVWPHQW RI WKH IDFWRUV DIIHFWLQJ WKH V\VWHP VDIHW\
SHUIRUPDQFHDUHTXDQWLWDWLYHO\DQDO\]HG
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3UREOHPV DQG ERXQGDU\ GHWHUPLQDWLRQ RI
FRDOPLQHVDIHW\SURGXFWLRQV\VWHP$FFRUGLQJWR
WKH V\VWHP HQJLQHHULQJ WKHRU\ WKH IDFWRUV WKDW DI
IHFW FRDO PLQH VDIHW\ SURGXFWLRQ FDQ EH URXJKO\
GLYLGHG LQWR ILYH SDUWV KXPDQ IDFWRUV HTXLSPHQW
IDFWRUV RSHUDWLRQ IDFWRUV HQYLURQPHQWDO IDFWRUV
DQGPDQDJHPHQWIDFWRUV$PRQJWKHPKXPDQIDF
WRUV UHIHU WR WKH TXDOLW\ DQG DELOLW\ RI FRDO PLQH
HPSOR\HHV HTXLSPHQW IDFWRUV UHIHU WR WKH OHYHO RI
PDFKLQHU\DQGHTXLSPHQWSURGXFHGE\FRDOPLQHV
RSHUDWLRQ IDFWRUV UHIHU WR WKH RSHUDWLRQ SURFHGXUHV
RI FRDO PLQH HPSOR\HHV DQG WKH PLQLQJ SODQ IRU
PXODWHG E\ WKH PDQDJHPHQW RUJDQL]DWLRQ HQYL
URQPHQWDO IDFWRUV UHIHU WR JHRORJ\ ZHDWKHU HWF
PDQDJHPHQWIDFWRUVUHIHUWRWKHRUJDQL]DWLRQUXOHV
DQGUHJXODWLRQVFRUSRUDWHFXOWXUH
7KH LQLWLDO YDOXH RI WKH VDIHW\ OHYHO RI HDFK
IDFWRU UHIHUV WR WKH VDIHW\ LQYHVWPHQW DQG DFFLGHQW
ORVV RI DQ HQWHUSULVH ZLWKLQ  \HDUV DQG WKH SUR
SRUWLRQRIWKHHQWHUSULVH VLQYHVWPHQWLQWHFKQRORJ\
RSHUDWLRQV  LQGXVWULDO K\JLHQH PDQDJHPHQW HQ
YLURQPHQW DX[LOLDU\IDFLOLWLHV HTXLSPHQW SXEOLF
LW\ DQG HGXFDWLRQ SHUVRQQHO PDQDJHPHQW  ,W LV
2QWKHEDVLVRIWKHH[
SHFWHGVDIHW\SHUIRUPDQFHRIH[SHUWVFRPELQHG
ZLWK H[LVWLQJ FRDO PLQH FRPSDQLHV WR JLYH WKH
HTXLSPHQWIDFWRUOHYHOWKHQWKHRSHUDWLRQIDFWRU
OHYHOLVî DQGVRRQWKHSHUVRQ
QHO IDFWRU OHYHO LV  WKH PDQDJHPHQW IDFWRU OHYHO
LV  (QYLURQPHQWDO IDFWRU OHYHO  7KH DERYH LV
WKH LQLWLDO YDOXH RI WKH VDIHW\ OHYHO RI HDFK IDFWRU
7KH VDIHW\ LQYHVWPHQW OHYHO RI HDFK IDFWRU LV ]HUR
ZKHQ WKH VLPXODWLRQ VLPXODWLRQ W LV  WKDW LV WKH
LQLWLDO YDOXH LV  7KH VDIHW\ LQYHVWPHQW LQFUHDVH
UDWH RI HDFK IDFWRU LV WDNHQ DV  DQG WKH VDIHW\
LQYHVWPHQWLQFUHDVHUDWHRIRQHIDFWRULVDGMXVWHGWR
HDFKWLPHDIWHUVLPXODWLRQ 


5(68/76 

$QDO\VLV RI &RDO 0LQH 6DIHW\ 3HUIRUPDQFH
,QGH[6\VWHP7KHLQGLFDWRUV\VWHPLVEDVHGRQWKH
RYHUDOO SHUVSHFWLYH RI VDIHW\ SURGXFWLRQ LQ FRDO
PLQLQJ HQWHUSULVHV HPSKDVL]LQJ SURFHVV PDQDJH
PHQW DQG FRQWLQXRXV LPSURYHPHQW ,W FRQWDLQV 
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IRUPDQFHRYHUWLPHDWOHYHO7UHQGJUDSKOHYHO
VHH)LJXUH
,W FDQ EH VHHQ IURP )LJXUH  WKDW WKH LQLWLDO
YDOXH RI WKH VDIHW\ OHYHO RI YDULRXV IDFWRUV ZLOO DI
IHFWWKHWLPHIRUFRDOPLQLQJHQWHUSULVHVWRDFKLHYH

                        )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

WKH H[SHFWHG VDIHW\ SHUIRUPDQFH 7KH KLJKHU WKH
LQLWLDOVDIHW\OHYHOWKHOHVVWLPHLWWDNHVWRDFKLHYH
WKHH[SHFWHGVDIHW\SHUIRUPDQFHDIWHULQFUHDVLQJWKH
VDIHW\LQSXWRIYDULRXVIDFWRUV

D

E
),*85(
,PSDFWRIVDIHW\OHYHORQVDIHW\SHUIRUPDQFH
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FKDUWLVREWDLQHG,QWKHWKLUGIRXUWKILIWKDQGVL[WK
VLPXODWLRQV WKH LQFUHDVH UDWH RI VDIHW\ LQYHVWPHQW
LQ HTXLSPHQW RSHUDWLRQ PDQDJHPHQW DQG HQYL
URQPHQWDO IDFWRUV ZDV DGMXVWHG WR  WR REWDLQ D
WUHQGFKDUWDVVKRZQLQ)LJXUHWR
,WFDQEHVHHQIURP)LJXUHVWRWKDWWKHILUVW
VLPXODWLRQ UHVXOWV LQGLFDWH WKDW DIWHU FRDO PLQH HQ
WHUSULVHVLQFUHDVHWKHLUVDIHW\LQYHVWPHQWWKHVDIHW\
OHYHO DQG VDIHW\ SHUIRUPDQFH RI YDULRXV IDFWRUV
FRQWLQXHWRLQFUHDVH+RZHYHUWKHLPSURYHPHQWRI
VDIHW\SHUIRUPDQFHLVDORQJWHUPSURFHVV,QWKH

  7KH LPSDFW RI LQFUHDVLQJ UDWH RI VDIHW\
LQYHVWPHQW RQ VDIHW\ SHUIRUPDQFH ,Q RUGHU WR
H[SUHVV WKH LPSDFW RI WKH LQFUHDVH UDWH RI WKH ILYH
IDFWRUV LQ FRDO PLQH VDIHW\ SURGXFWLRQ RQ VDIHW\
SHUIRUPDQFHWKHPRGHOZDVVLPXODWHGWLPHV
,Q WKH ILUVW VLPXODWLRQ WKH LQFUHDVH UDWH RI
VDIHW\LQSXWRIHDFKIDFWRULVDQGWKHWUHQGFKDUW
RI FRDO PLQH VDIHW\ SHUIRUPDQFH RYHU WLPH LV RE
WDLQHG WKH VHFRQG VLPXODWLRQ LV EDVHG RQ WKH LQ
FUHDVHUDWHRIKXPDQIDFWRUVDIHW\LQSXWRIDQG
RWKHU SDUDPHWHUV UHPDLQ XQFKDQJHG DQG WKH WUHQG



),*85(
&RQWRXU3ORWRI6DIHW\SHUIRUPDQFHYVHQYLUQPHQWDOIDFWRUPDQDJHPHQWIDFWRUV


),*85(
&RQWRXU3ORWRI6DIHW\SHUIRUPDQFHYVHQYLUQPHQWDOIDFWRURSHUDWLRQIDFWRU
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PDMRUSUREOHPVLQWKHHQYLURQPHQWHTXLSPHQWDQG
PDQDJHPHQWIDFWRUVDQGWKHHQWHUSULVHLVLQDYHU\
GDQJHURXV VLWXDWLRQ DQG VKRXOG EH UHFWLILHG LPPH
GLDWHO\ 7KH FDOFXODWHG UHVXOWV RI FRDO PLQH VDIHW\
SHUIRUPDQFHHYDOXDWLRQDUHVKRZQLQ)LJXUH
7KH VDIHW\ OHYHO RI FRDO PLQHV LV UHODWLYHO\
VDIH PDQDJHPHQW IDFWRUV DUH WKH PDLQ LQIOXHQFLQJ
IDFWRUVOHDGLQJWRWKHRFFXUUHQFHRIGLVDVWHUVHQYL
URQPHQWDOIDFWRUVDQGHTXLSPHQWIDFWRUVKDYHOLWWOH
LQIOXHQFH RQ WKH RFFXUUHQFH RI GLVDVWHUV DQG WKH
HYDOXDWLRQ UHVXOWV DUH WKH VDPH DV WKH LQVSHFWLRQ
UHVXOWV LQGLFDWLQJ WKH DFFXUDF\ RI WKH HYDOXDWLRQ
UHVXOWVRIWKHVDIHW\SHUIRUPDQFHHYDOXDWLRQPRGHO
WKHREMHFWLYLW\LVKLJKDQGWKHSUDFWLFDOLW\LVJRRG

&RUUHVSRQGLQJ HYDOXDWLRQ VWUDWHJ\   ,P
SURYH WKH TXDOLW\ RI WKH FRDO PLQH HPSOR\HHV LP
SURYHWKHLUZRUNDELOLWLHVRIIHUUHOHYDQWFRXUVHVIRU
SHUVRQQHODWGLIIHUHQWOHYHOVVWUHQJWKHQWKHWUDLQLQJ
RI HPSOR\HHV  RZQ TXDOLW\ DQG SURIHVVLRQDO FDSD
ELOLWLHV
  5HDVRQDEO\ PDWFK WKH UDWLR RI ZRUN DQG
PDQDJHPHQW SHUVRQQHO DGMXVW WKH RUJDQL]DWLRQDO
VWUXFWXUHRIWKHHQWHUSULVHVWUHDPOLQHWKHQXPEHURI
ZRUNHUVUHFUXLWPDQDJHPHQWSHUVRQQHOZLWKVWURQJ
EXVLQHVVFDSDELOLWLHVDQGLPSURYHWKHTXDOLW\RIWKH
ZRUNIRUFH
 5HGXFHWKHRFFXUUHQFHRIVDIHW\DFFLGHQWV
DFWLYHO\ SURPRWH WKH GHYHORSPHQW RI FRDO PLQH
VDIHW\ SHUIRUPDQFH HYDOXDWLRQ DQG LPSURYH WKH
VDIHW\ HIILFLHQF\ RI HQWHUSULVHV DQG VDIHW\ LQYHVW
PHQWGHFLVLRQPDNLQJ
  6WUHQJWKHQ WKH VDIHW\ SXEOLFLW\ ZRUN RI
HQWHUSULVHV FOHDUO\ XQGHUVWDQG WKH UHODWLRQVKLS EH
WZHHQ TXDOLW\ VWDQGDUGL]DWLRQ FRQVWUXFWLRQ DQG
VDIHW\ HYDOXDWLRQ FRQWLQXH WR SURPRWH WKH LQ
IRUPDWL]DWLRQ FRQVWUXFWLRQ RI FRDO PLQLQJ HQWHU
SULVHV LPSURYH WKH HIILFLHQF\ RI VWDII DQG DYRLG
QHJOLJHQFHDQGQHJOLJHQFHLQZRUN

HDUO\VWDJHRIVDIHW\LQYHVWPHQWWKHLQFUHDVHUDWHRI
VDIHW\ SHUIRUPDQFH LV UHODWLYHO\ VPDOO DQG WKH LQ
FUHDVHUDWHLQWKHODWHUVWDJHLQFUHDVHVVLJQLILFDQWO\
7KLV LV EHFDXVH LQ WKH LQLWLDO SURGXFWLRQ SURFHVV
VDIHW\LQYHVWPHQWKDVDFHUWDLQODJLQWKHLPSDFWRI
WKH VDIHW\ OHYHO RI YDULRXV IDFWRUV HVSHFLDOO\ LQ
WHUPV RI PDQSRZHU DQG PDQDJHPHQW WKDW LQYROYH
WUDLQLQJDQGHGXFDWLQJHPSOR\HHVRQVDIHW\DZDUH
QHVV
,Q WKH V\VWHP VLPXODWLRQ RI DGMXVWLQJ WKH LQ
FUHDVH UDWH RI VDIHW\ LQYHVWPHQW RI YDULRXV IDFWRUV
WKHDGMXVWPHQWRIWKHLQFUHDVHUDWHRIVDIHW\LQYHVW
PHQWRIKXPDQIDFWRUVLVWKHPRVWHIIHFWLYHDQGWKH
WLPHWRDFKLHYHWKHH[SHFWHGVDIHW\SHUIRUPDQFHLV
VKRUWHQHGE\PRUHWKDQPRQWKVIROORZHGE\WKH
LQFUHDVH UDWH RI VDIHW\ LQYHVWPHQW RI PDQDJHPHQW
IDFWRUV 7KH DGMXVWPHQW KDV EHHQ VKRUWHQHG E\ 
PRQWKVWKHDGMXVWPHQWRIWKHRWKHUWKUHHIDFWRUVLV
QRW VLJQLILFDQWO\ GLIIHUHQW IURP EHIRUH 0RUHRYHU
WKH DGMXVWPHQW RI KXPDQ IDFWRUV DQG PDQDJHPHQW
IDFWRUV ZLOO KDYH DQ LQFUHDVLQJ LPSDFW RQ VDIHW\
SHUIRUPDQFHLQWKHODWHUVWDJHV7KLVLVEHFDXVHWKH
LQFUHDVHLQHPSOR\HHVDIHW\DZDUHQHVVFDQFUHDWHD
VDIHW\FXOWXUHZKLFKLVXQPDWFKHGE\RWKHUPDWHUL
DOIDFWRUV

$QDO\VLV RI PDLQ LQIOXHQFLQJ IDFWRUV :KHQ
WKHVDIHW\OHYHOLVWKHRXWSXWUHVXOWLVFORVHWR>
   @ LQGLFDWLQJ WKDW WKH FRDO PLQH KDV OHVV
SUREOHPV ZLWK HQYLURQPHQWDO IDFWRUV HTXLSPHQW
IDFWRUV DQG PDQDJHPHQW IDFWRUV ZKHQ WKH VDIHW\
OHYHO LV  WKH RXWSXW UHVXOW LV FORVH WR > @
LQGLFDWLQJ WKDW WKH PDLQ LQIOXHQFLQJ IDFWRU RI WKH
FRDOPLQHGLVDVWHULVWKHPDQDJHPHQWIDFWRUZKHQ
WKH VDIHW\ OHYHO LV  LW LQGLFDWHV WKDW WKH PDLQ LQ
IOXHQFLQJ IDFWRU RI WKH PLQH GLVDVWHU LV WKH HTXLS
PHQWIDFWRUZKHQWKHVDIHW\OHYHOLV,WVKRZVWKDW
WKH PDLQ LQIOXHQFLQJ IDFWRU RI WKH GLVDVWHU LQ WKH
FRDO PLQH LV WKH HQYLURQPHQWDO IDFWRU ZKHQ WKH
VDIHW\OHYHOLVLWLQGLFDWHVWKDWWKHFRDOPLQHKDV


),*85(
&RQWRXU3ORWRI6DIHW\SHUIRUPDQFHYVHQYLUQPHQWDOIDFWRUHTXLSPHQWIDFWRU
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D

E

F
),*85(
&DOFXODWHGUHVXOWVRIFRDOPLQHVDIHW\SHUIRUPDQFHHYDOXDWLRQ
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>@ /L *+ =KDQJ + &XL <- =KDQJ 3+
'RQJ 07   $ SUHGLFWLYH PRGHO RI JDV
FRQWHQW LQ FRDO UHVHUYRLUV EDVHG RQ PXOWLSOH
VWHSZLVHUHJUHVVLRQDQDO\VLVDFDVHVWXG\IURP
4LQVKXL %DVLQ &RDO *HRORJ\  ([SORUDWLRQ

>@ /LX % +XDQJ :+ $R :+ =KDQJ 65
:X - ;X 4/ 7HQJ -   2FFXUUHQFH
&KDUDFWHULVWLFV RI 0LQHUDOV DQG 7KHLU ,QIOX
HQFHV RQ 3K\VLFDO 3URSHUWLHV RI &RDO 5HVHU
YRLUV LQ 6RXWKHUQ 4LQVKXL %DVLQ *HRVFLHQFH

>@ 4LQ < =KDQJ ' )X ; /LQ '<<H -3
;X=%  $'LVFXVVLRQRQ&RUUHODWLRQRI
0RGHUQ7HFWRQLF6WUHVV)LHOGWR3K\VLFDO3URS
HUWLHVRI&RDO5HVHUYRLUVLQ&HQWUDODQG6RXWK
HUQ 4LQVKXL %DVLQ *HRORJLFDO 5HYLHZ 

>@ +RQJ)6RQJ<=KDR0  &DSURFN
LQIOXHQFHRQFRDOEHGJDVHQULFKPHQWLQTLQVKXL
EDVLQ1DWXUDO*DV,QGXVWU\
>@ /LDQJ + =KDQJ / /LX -   &RQWURO
$FWLRQ RI 6WUXFWXUH LQ )DQ]KXDQJ %ORFN RI
4LQVKXL %DVLQ RQ &RDOEHG *DV )LHOG (QULFK
PHQW -RXUQDO RI 6KDQGRQJ 8QLYHUVLW\ RI 6FL
HQFH 7HFKQRORJ\
>@ +X;0=KDR*+  )RUHFDVWLQJPRG
HO RI FRDO GHPDQG EDVHG RQ 0DWODE %3 QHXUDO
QHWZRUN&KLQ-0DQDJ6FL
>@&KDQ +/ /HH 6.   0RGHOOLQJ DQG
IRUHFDVWLQJ WKH GHPDQG IRU FRDO LQ &KLQD (Q
HUJ\(FRQ
>@/LQ%:HL:/L3  &KLQD¶VORQJUXQ
FRDOGHPDQGLPSDFWVDQGSROLF\FKRLFH(FRQ
5HV
>@:X<'-X<:+RX4/  &RPSDU
LVRQ RI FRDOEHG JDV JHQHUDWLRQ EHWZHHQ +XDL
EHL+XDLQDQ FRDOILHOGV DQG 4LQVKXL FRDO EDVLQ
EDVHG RQ WKH WHFWRQRWKHUPDO PRGHOLQJ 6FL
HQFH&KLQD(DUWK6FLHQFHV
>@/LX - =KX < /LX <   &KDUDFWHULVWLFV
RIWKHPXGVKDOHUHVHUYRLUVRIWUDQVLWLRQDOIDFL
HVZLWK4LQVKXLEDVLQDVDQH[DPSOH&RDO*H
RORJ\ ([SORUDWLRQ
>@%KXWWR $: %D]PL $$ =DKHGL *  
8QGHUJURXQG FRDO JDVLILFDWLRQ )URP IXQGD
PHQWDOVWRDSSOLFDWLRQV3URJ(QHUJ\&RPEXVW
6FL
>@)DQ < ;LD <   ([SORULQJ HQHUJ\ FRQ
VXPSWLRQ DQG GHPDQG LQ &KLQD (QHUJ\ 

>@3DFNKDP 5 &LQDU < 0RUHE\ 5  
6LPXODWLRQ RI DQ HQKDQFHG JDV UHFRYHU\ ILHOG
WULDO IRU FRDO PLQH JDV PDQDJHPHQW ,QWHUQD
WLRQDO-RXUQDORI&RDO*HRORJ\
>@/LX4/L6:DQJ;0+H<  )HD
VLELOLW\ DQG VWDELOLW\ DQDO\VLV RI FRDOJDQJXH
EDVHGWDLOLQJVGDPRQVXEVLGHQFHODQG)UHVHQ
(QYLURQ%XOO

&21&/86,216

)URP WKH SHUVSHFWLYH RI V\VWHP HQJLQHHULQJ
WKLV SDSHU FRQVWUXFWV D V\VWHP G\QDPLF PRGHO RI
FRDO PLQH SURGXFWLRQ DQG VDIHW\ SHUIRUPDQFH DQG
VLPXODWHV WKH VDIHW\ OHYHO RI FRDO PLQH VDIHW\ SUR
GXFWLRQ IDFWRUV DQG WKH GHJUHH RI LQIOXHQFH RI GLI
IHUHQW VDIHW\ LQYHVWPHQW LQFUHDVH UDWHV RQ VDIHW\
SHUIRUPDQFH DQG PDNHV VDIHW\ LQYHVWPHQW GHFL
VLRQVIRUFRDOPLQHHQWHUSULVHV3URYLGHDWKHRUHWLFDO
EDVLV 7KH VLPXODWLRQ UHVXOWV VKRZ WKDW WKH KLJKHU
WKH VDIHW\ OHYHO RI FRDO PLQLQJ HQWHUSULVHV WKH
VRRQHU WKH\ ZLOO DFKLHYH WKH H[SHFWHG VDIHW\ SHU
IRUPDQFHLQWKHORQJUXQLQFUHDVLQJVDIHW\LQYHVW
PHQWKDVDVLJQLILFDQWSURPRWLRQHIIHFWRQWKHVDIH
W\SHUIRUPDQFHRIFRDOPLQLQJHQWHUSULVHVLQFUHDV
LQJWKHUDWHRILQFUHDVHLQVDIHW\LQYHVWPHQWRIKX
PDQ DQG PDQDJHPHQW IDFWRUV ZLOO DIIHFW WKH FRDO
PLQH (QWHUSULVH VDIHW\ SHUIRUPDQFH ZLOO SURGXFH
PRUHREYLRXVHIIHFWV


$&.12:/('*(0(176

7KLV SDSHU LV VXSSRUWHG E\ 1DWLRQDO 1DWXUDO
6FLHQFH )RXQGDWLRQ RI &KLQD ³7KH SUHYHQWLRQ
FRQWURODQGUHOHDVHRIXQVDIHHPRWLRQIRUKLJKULVN
LQGXVWU\ HPSOR\HHV$Q HPSLULFDO VWXG\ EDVHG RQ
DIIHFWLYH HYHQWV PDQDJHPHQWHPRWLRQDO WROHUDQFH
FDSDFLW\ DQG HPRWLRQDO FDUU\LQJ FDSDFLW\´ 1R
 1DWLRQDO1DWXUDO6FLHQFH)RXQGDWLRQRI
&KLQD ³$ 6WXG\ RQ VWDNHKROGHU RI 6XVWDLQDEOH
6XSSO\&KDLQRI:DWHU7UDQVIHU3URMHFW8QGHU:D
WHU4XDOLW\$VVXUDQFH%HKDYLRU(YROXWLRQ%HQHILW
&RRUGLQDWLRQ$QG&ROODERUDWLYH0DQDJHPHQW´ 1R
  7KH (GXFDWLRQ 'HSDUWPHQW RI +HQDQ
3URYLQFH &ROODERUDWLYH PDQDJHPHQW RI ZDWHU UH
VRXUFHVVHFXULW\DQGFOHDQHQHUJ\


5()(5(1&(6

>@ ;LDR % -LDQJ -) <DQJ -. /L -) 6KL
;<   6WXG\ RQ WKH FRPSRVLWLRQ RI FRDO
WDUIURPFRDOS\URO\VLVXVLQJ*&06DQDO\VLV
)UHVHQ(QYLURQ%XOO
>@ +RX ;5 *XR /: :DQJ )6 ;X <<
'RQJ ;: *DR ' 6XQ <0   5H
VHDUFKRQVRXUFHVDSSRLQWPHQWRIDEQRUPDOFR
LQXQGHUJURXQGPLQH)UHVHQ(QYLURQ%XOO

>@ :DQJ -7 :DQJ )6 ;X << 'RQJ ;:
  6WXG\ RQ FXUUHQW VLWXDWLRQ DQG GHYHO
RSPHQW WUHQG IRU FRDO PLQH ILUH SUHYHQWLRQ
WHFKQRORJ\LQ&KLQD)UHVHQ(QYLURQ%XOO
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>@/LX</L:3:DQJ44/LX6/  
6LPXODWLRQ VWXG\ RQ IUDFWXUH ]RQH KHLJKW RI
RYHUO\LQJZDWHULQPLQLQJRIQHDUVKDOORZEXU
LHG FRDO VHDP LQ QRUWKHUQ 6KDDQ[L SURYLQFH
)UHVHQ(QYLURQ%XOO 
>@/LX&1  6WXG\RQPXOWLIXQFWLRQDOFRDO
FDWDO\WLF JDVLILFDWLRQ FDWDO\VW 7HFKQRORJ\ ,Q
QRYDWLRQ
>@.UHLQLQ(9=RU\D$<  8QGHUJURXQG
FRDO JDVLILFDWLRQ SUREOHPV 6ROLG )XHO &KHP

>@/LQ%:HL:/L3  &KLQD¶VORQJUXQ
FRDOGHPDQGLPSDFWVDQGSROLF\FKRLFH(FRQ
5HV





5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

+DQ\XDQ=KDQJ 
6FKRRORI0DQDJHPHQWDQG(FRQRPLFV
1RUWK&KLQD8QLYHUVLW\
+HQDQ±&KLQD

HPDLO  OLGDB]KDQJOX\L#FRP
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(;75(0(5$,1)$//,1',&(62)$1.$5$ 
75(1'6)520+,6725,&$/72)8785(

6HUWDF2UXF 

&LYLO(QJLQHHULQJ'HSDUWPHQW.LUVHKLU$KL(YUDQ8QLYHUVLW\.LUVHKLU7XUNH\



$%675$&7

7KH IUHTXHQF\ DQG WKH VHYHULW\ RI H[WUHPH
HYHQWV DUH LQFUHDVLQJ ,Q   QHZ H[WUHPH
HYHQWVZHUHGHWHFWHGLQ7XUNH\ZLWKWKHPRVWKD]
DUGRXV EHLQJ KHDY\ UDLQ IORRGV DQG ZLQGVWRUPV
$QNDUDWKHFDSLWDORI7XUNH\LVRQHRIWKHDIIHFWHG
FLWLHVIURPWKHVHHYHQWV8QGHUVWDQGLQJWKHFKDUDF
WHULVWLFV RI WKHVH HYHQWV LV FUXFLDO EHFDXVH H[WUHPH
HYHQWV KDYH VLJQLILFDQW QHJDWLYH LPSDFW RQ VRFLDO
SK\VLFDODQGHFRQRPLFHQYLURQPHQWV,QWKLVVWXG\
H[WUHPHSUHFLSLWDWLRQ LQGLFHV ZHUH GHWHUPLQHG DQG
H[DPLQHGLQWHUPVRIWUHQGVDQGVWDWLVWLFDOFKDUDFWHU
LVWLFV IRU WKH KLVWRULFDO ±  DQG IXWXUH
± SHULRGDW$QNDUD7XUNH\+DG*(0
(603,(6005DQG*)'/(600PRGHOUH
VXOWV XQGHU WZR UHSUHVHQWDWLYH FRQFHQWUDWLRQ SDWK
ZD\V 5&3  5&3 DQG 5&3 VFHQDULRV DW WZR
JULGFHOOV DQG FRYHULQJIRXUPDMRUVWD
WLRQV RI$QNDUD ZHUH XVHG WR REWDLQ IXWXUHSHULRG
SUHFLSLWDWLRQ VHULHV 0RUHRYHU H[WUHPHYDOXH DQDO
\VHVZHUHDSSOLHGWRGDLO\SUHFLSLWDWLRQGDWDRIKLV
WRULFDO ± DQGSURMHFWHG ± SH
ULRGV ZLWK SHDNRYHUWKUHVKROG 327  DQG EORFN
PD[LPD %0 DSSURDFKHVDQGWKHUHVXOWVZHUHFRP
SDUHG7UHQGWHVWUHVXOWVLQJHQHUDO\LHOGHGLQVLJQLI
LFDQWWUHQGVWKDWZHUHPRVWO\QHJDWLYH5HVXOWVRIH[
WUHPHYDOXH DQDO\VHV VKRZ WKDW *ULG  UHWXUQ
OHYHOYDOXHVZHUHFRQVLGHUDEO\JUHDWHUWKDQWKRVHRI
*ULGDQGYDULDELOLW\LQFUHDVHGZLWKDQLQFUHDV
LQJ UHWXUQ SHULRG *ULG  UHVXOWV DOVR H[KLELWHG
JUHDWHU YDOXHV WKDQ WKRVH RI REVHUYDWLRQSHULRG UH
WXUQOHYHOVZKLOHUHWXUQOHYHOVDW*ULGH[KLE
LWHG VPDOOHU YDOXHV WKDQ WKH REVHUYDWLRQSHULRG UH
WXUQOHYHOYDOXHV 



PRUHVHYHUHZHDWKHUHYHQWVVXFKDVH[WUHPHSUHFLS
LWDWLRQ>@([WUHPHSUHFLSLWDWLRQHYHQWV HJ
IHZHUUDLQ\GD\VDQGPRUHH[WUHPHSUHFLSLWDWLRQ DUH
H[SHFWHG E\ WKH HQG RI WKH VW FHQWXU\ XQGHU FOL
PDWHFKDQJHFRQGLWLRQV>@6WXGLHVVXSSRUW
WKDW WKH JOREDO K\GURORJLF F\FOH ZLOO EH LQWHQVLILHG
GXHWRWKHFKDQJLQJFOLPDWHZHWDQGGU\H[WUHPHV
ZLOOLQFUHDVHZKLFKUHVXOWLQIORRGVDQGGURXJKWV>
@2QWKHEDVLVRIHYLGHQFHLQWKH6SHFLDO5HSRUW
RQ0DQDJLQJWKH5LVNVRI([WUHPH(YHQWVDQG'LV
DVWHUV WR $GYDQFH &OLPDWH &KDQJH $GDSWDWLRQ
65(; RIWKH,3&&UHSRUW>@WKHUHZDVDVLJQLIL
FDQWLQFUHDVHLQKHDY\SUHFLSLWDWLRQHYHQWVDWSUHVHQW
LQPRUHUHJLRQVWKDQWKHUHZHUHVLJQLILFDQWGHFUHDVHV
EXWWKHVHLQFUHDVHVDQGGHFUHDVHVVKRZHGYDULRXVUH
JLRQDODQGVXEUHJLRQDOWUHQGV  6LPLODUILQGLQJV
ZHUH UHYHDOHG E\ RWKHU VWXGLHV H[WUHPH ZHDWKHU
HYHQWV VWDUWHG WR RFFXU PRUH IUHTXHQWO\ DQG DUHDV
WKDWKDGQRWIDFHGH[WUHPHHYHQWVLQWKHSDVWEHJDQ
WRHQFRXQWHUWKHVHHYHQWV0RUHRYHUERWKKHDY\SUH
FLSLWDWLRQ LQFUHDVHV DQG GHFUHDVHV ZHUH REVHUYHG
EXWDUHDVZLWKLQFUHDVLQJSUHFLSLWDWLRQDUHEHFRPLQJ
ODUJHU>@0DQFLQLHWDO>@VWDWHGDQLQWHUHVW
LQJDQGXUJHQWFRQVHTXHQFHRIH[WUHPHHYHQWVZKLFK
LV WKHLU FRQWULEXWLRQ WR LQFLGHQFH RI LQIHFWLRXV GLV
HDVHDQGWKHFRQWDPLQDWHGZDWHUWUDQVPLVVLRQVZLWK
WKHLUVWXG\LQ7HYHUH%DVLQ,WDO\0RUHRYHU$OLHWDO
>@UHYHDOHGWKHSRWHQWLDOHIIHFWVRIFOLPDWHFKDQJH
VXFK DV ORVV RI DJULFXOWXUDO ODQG RYHUORDGHG LQIUD
VWUXFWXUHHWFE\WKHLUVWXG\FRYHULQJWKH1DOWDU9DO
OH\:HVWHUQ+LPDOD\D6HUDQFDPDQG'DEDQOÕ>@
VWDWHG WKH LQFUHDVH RI YXOQHUDELOLW\ DQG QRWLFH WKH
QHHG RI LQFRUSRUDWLQJ ULVN DVVHVVPHQW ZLWK LPSDFW
VWXGLHV 0RUHRYHU WKHUH DUH HFRORJLFDO HIIHFWV
DPRQJ RWKHUV WKDW FDQQRW EH LJQRUHG UHJDUGLQJ WKH
H[WUHPHHYHQWVDQGVWXGLHVSRLQWRXWWKHQHHGWRXQ
GHUVWDQGWKHUHVSRQVHRIWKHHFRV\VWHPVWRH[WUHPH
HYHQWVHVSHFLDOO\WKHH[WUHPHSUHFLSLWDWLRQUHJLPHV
WKDWFDQKDYHVXEVWDQWLDOHFRORJLFDOHIIHFWV>@)RU
LQVWDQFH3RVWDQG.QDSS>@SRLQWRXWWKHHIIHFWRI
D VLQJOH GHOXJH PD\ KDYH VHDVRQǦORQJ LPSDFWV RQ
PDQ\HFRV\VWHPSURFHVVHVIRUDVHPLDULGHFRV\VWHP
ZKLOH6HJDGHOOLHWDO>@GHQRWHGWKHLQVXIILFLHQF\
RIXQGHUVWDQGLQJWKHH[WUHPHSUHFLSLWDWLRQHFRORJL
FDO LQWHUDFWLRQ DQG VWDWHG WKDW WKLV LQWHUDFWLRQ LV
KLJKO\FRQWH[WGHSHQGHQW)XUWKHUPRUH3DGLOODHWDO
>@ VWDWHG WKH LPSRUWDQFH RI LQYHVWLJDWLQJ WKH H[
WUHPH UDLQIDOO UHJLPHV DQG GURXJKWSHULRGV LQ WKHLU

.(<:25'6
&OLPDWH FKDQJH ([WUHPH LQGLFHV ([WUHPH SUHFLSLWDWLRQ
)XWXUHSURMHFWLRQ*(9



,1752'8&7,21

6FLHQWLVWV SURMHFW WKDW H[WUHPHZHDWKHU HYHQWV
ZLOOOLNHO\RFFXUPRUHIUHTXHQWO\DQGLQWHQVHO\GXH
WR JOREDO ZDUPLQJ ,W LV H[SHFWHG WKDW WKH JOREDO
PHDQWHPSHUDWXUHZLOOLQFUHDVHZKLFKZLOOOHDGWR
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,Q WKH ODVW  \HDUV RI IORRGLQJ REVHUYDWLRQV
KHDY\SUHFLSLWDWLRQDQGIODVKIORRGLQJFDXVHGYDUL
RXVW\SHVRIGDPDJH6HWWOHPHQWVZHUHGDPDJHGGXH
WR IORRGLQJ DJULFXOWXUDO SURGXFWV DQG WKH HQYLURQ
PHQWZHUHGDPDJHGGXHWRIORRGLQJDQGDJULFXOWXUDO
SURGXFWV ZHUH GDPDJHG GXH WR VWRUPV 0RUHRYHU
URDG WUDQVSRUWDWLRQZDV GLVUXSWHG SHRSOH DQLPDOV
DQGVHWWOHPHQWVZHUHGDPDJHGDQGFXOWLYDWHGIDUP
ODQGDQGYHKLFOHVZHUHGDPDJHGLQ$QNDUD>@
7KHREMHFWLYHVRIWKLVVWXG\ZHUHWRGHWHUPLQH
WKHYDOXHVRIH[WUHPHSUHFLSLWDWLRQLQGLFHVDW$Q
NDUDWRLQYHVWLJDWHWKHSUHVHQFHRIWUHQGLQWKHVHLQ
GLFHV IRU WKH KLVWRULFDO ± DQG WKH IXWXUH
±SHULRGVXVLQJWKH5&OLP'H[VRIWZDUHWR
JHQHUDWHGDLO\H[WUHPHSUHFLSLWDWLRQGDWDRIYDULRXV
UHWXUQSHULRGV DQG\HDUV XVLQJ
WKH SHDNRYHUWKUHVKROG 327  DQG EORFNPD[LPD
%0 PHWKRGVIURPWKHKLVWRULFDO ± DQG
SURMHFWHG ±  GDLO\ SUHFLSLWDWLRQ GDWD IRU
WKUHH PRGHOV QDPHO\ +DG*(0(6 03,(60
05DQG*)'/(600UHVXOWVXQGHU5&3DQG
5&3VFHQDULRV


0$7(5,$/6$1'0(7+2'6

6WXG\ $UHD DQG 'DWD 3UHFLSLWDWLRQ DQDO\VLV
ZDVFRQGXFWHGIRUWKHFDSLWDOFLW\RI$QNDUDZKLFK
LVDKLJKO\XUEDQL]HGFLW\$SRSXODWLRQRIPLOOLRQ
SHRSOH>@OLYHLQ$QNDUDWKDWLVWKHVHFRQGODUJHVW
FLW\RI7XUNH\>@ZLWKRIWKHSRSXODWLRQOLY
LQJLQWKHFLW\FHQWHU$QNDUDLVLQWKHQRUWKZHVWRI
&HQWUDO$QDWROLD7KHFLW\LVOLNHDSRWVXUURXQGHGE\
IRXUPRXQWDLQVRIWKH$QDWROLDSODWHDXZLWKDQDOWL
WXGHRI±P7KHVHPRXQWDLQVDUH.DU\D÷GÕ
WRWKHQRUWKøGULVWRWKHHDVW(OPDGD÷WRWKHVRXWK
DQGVRXWKHDVWDQGdDOWRWKHVRXWKZHVW
$FFRUGLQJ WR WKH 7KRUQWKZDLWH FODVVLILFDWLRQ
WKH FOLPDWH LQ$QNDUD LV D VHPLDULG DQG VHPLDULG
OHVVKXPLGFOLPDWHVHFRQGGHJUHHPHVRWKHUPDO,Q
$QNDUDWKHUHLVPRGHUDWHH[FHVVZDWHULQ-DQXDU\
)HEUXDU\DQG0DUFKZKLOHWKHUHLVZDWHUVKRUWDJH
LQWKHRWKHUPRQWKV7KHDYHUDJHWHPSHUDWXUHRI$Q
NDUDLVRYHU&LQVXPPHUDQGEHORZ&LQZLQ
WHU$QQXDODYHUDJHWHPSHUDWXUHLV&DQGDY
HUDJHDQQXDOSUHFLSLWDWLRQLVPP:DUPDQG
FROGSHULRGSUHFLSLWDWLRQFKDUDFWHULVWLFVGLIIHULQ$Q
NDUD:KLOHIURQWDOSUHFLSLWDWLRQLVGRPLQDQWLQWKH
FROGSHULRGFRQYHFWLYHSUHFLSLWDWLRQUXOHVWKHZDUP
SHULRG 7KHUH DUH ELJ GLIIHUHQFHV EHWZHHQ GD\ DQG
QLJKWWHPSHUDWXUHDQGZLQWHUDQGVXPPHUWHPSHUD
WXUH EHFDXVH RI FRQWLQHQWDOFOLPDWH FRQGLWLRQV >
@
'DLO\ KLVWRULFDO DQG SURMHFWHG GDWD ZHUH RE
WDLQHGIURP7606&RQVLGHULQJKLVWRULFDOGDWD6WD
WLRQREVHUYDWLRQVZHUHXVHGIRUWKHKLVWRULFDO
SHULRGFDOFXODWLRQVVLQFHLWKDGDUHODWLYHO\VXIILFLHQW
OHQJWK RI GDWD ±  +RZHYHU ±
SHULRG GDWD ZHUH XVHG EHFDXVH RI PLVVLQJ YDOXHV

UHFHQWVWXG\WRILJXUHRXWWKHSODQWFRPPXQLW\SHU
IRUPDQFHXQGHUFKDQJLQJFRQGLWLRQV
$OWKRXJKLWLVQRWDVLPSOHSURFHVVWRGHVFULEH
H[WUHPHHYHQWEHKDYLRUVWXGLHVVXSSRUWWKDWFOLPDWH
FKDQJH GRPLQDWHV WKH VHYHULW\ DQG LQWHQVLW\ RI H[
WUHPHHYHQWVVXFKDVH[WUHPHSUHFLSLWDWLRQ>@
,QWKLVPDQQHUH[WUHPHSUHFLSLWDWLRQKDVEHFRPHWKH
VXEMHFWRILQWHUHVWLQPDQ\VWXGLHV([WUHPHSUHFLSL
WDWLRQLQGLFHVKDYHEHHQFRPSXWHGDQGDQDO\]HGIRU
KLVWRULFDODQGIXWXUHSHULRGVWRJDLQDEHWWHUXQGHU
VWDQGLQJ RI WKH EHKDYLRU $WWRJRXLQRQ HW DO >@
VWXGLHG HOHYHQ SUHFLSLWDWLRQ LQGLFHV LQ WKH 8SSHU
2XpPp YDOOH\LQ %HQLQ DQG UHYHDOHG WKDW WKH WUHQG
WHQGHQF\ZDVQRQVLJQLILFDQW<LOPD]>@H[DPLQHG
WKH$QWDO\DUHJLRQLQ7XUNH\IRXQGLQFUHDVLQJSUH
FLSLWDWLRQDQGFRQFOXGHGWKDWWKHUHJLRQZLOOSURED
EO\ IDFH LQWHQVLYH SUHFLSLWDWLRQ LQ WKH IXWXUH
1LJXVVLHDQG$OWXQND\QDN>@XVHGERWKREVHUYHG
DQG SURMHFWHG SUHFLSLWDWLRQ VHULHV WR LQYHVWLJDWH
2OLPSL\DWVWDWLRQQHDUWKH$\DPDPDZDWHUVKHG,V
WDQEXO7KHLU UHVXOWV SUHVHQW VLJQLILFDQW GLIIHUHQFHV
EHWZHHQ REVHUYHG DQG IXWXUHGDWDGULYHQ LQGLFHV
DQGUHYHDOHGWKDWXQGHUWKH5&3VFHQDULRIORRG
ULVN LQFUHDVHG IRU WKH ZDWHUVKHG 0\KUH HW DO >@
VKRZHGWKDWVXUIDFHZDUPLQJRQDYHUDJH.JORE
DOO\ZRXOGGRXEOHDQGHYHQWULSOHH[WUHPHSUHFLSL
WDWLRQ HYHQWV &URLWRUX HW DO >@ VWXGLHG IXWXUH
FKDQJHVIRUILYHH[WUHPHSUHFLSLWDWLRQLQGLFHVLQ5R
PDQLDDQGVWDWHGDQLQFUHDVHIRUKHDY\SUHFLSLWDWLRQ
GD\VYHU\KHDY\SUHFLSLWDWLRQGD\VDQGDQQXDOWRWDO
ZHWǦGD\SUHFLSLWDWLRQFRPSDUHGWRWKHUHIHUHQFHSH
ULRG.HJJHQKRIIHWDO>@SUHVHQWHGWKDWWKHUHZDV
QR VLJQLILFDQW WUHQG IRU H[WUHPH SUHFLSLWDWLRQ RYHU
*HRUJLD DOWKRXJK LQGLFHV LQGLFDWHG DQ LQFUHDVH
0RUHRYHUUHVXOWVUHYHDODGHFUHDVLQJQXPEHURIZHW
GD\VDQGQXPEHURIKHDY\SUHFLSLWDWLRQGD\V$EEDV
QLD DQG 7RURV >@ H[DPLQHG H[WUHPHWHPSHUDWXUH
DQGSUHFLSLWDWLRQLQGLFHVLQWKHLUUHFHQWVWXG\7KHLU
UHVXOWV VKRZ WKDW VWDWLRQV ORFDWHG LQ LQODQG FHQWUDO
$QDWROLDKDGGHFUHDVHVLQKHDY\YHU\KHDY\DQGH[
WUHPHO\KHDY\SUHFLSLWDWLRQ
'LDJQRVLVRIH[WUHPHSUHFLSLWDWLRQSDWWHUQVDUH
SDUWLFXODUO\ LPSRUWDQW EHFDXVH XQGHUHVWLPDWLQJ
WKHVHHYHQWVFDQFDXVHUHPDUNDEOHHFRORJLFDOVRFLDO
DQG SK\VLFDO GDPDJH RQ WKH RWKHU KDQG RYHUHVWL
PDWHGH[WUHPHVPD\OHDGWRDQLQFUHDVHLQLQIUDVWUXF
WXUHLQYHVWPHQWFRVWV0RUHRYHULWLVFUXFLDOWRKDYH
DOOWKHQHFHVVDU\NQRZOHGJHIRUGHFLVLRQPDNHUVWR
SHUIRUP FOLPDWHFKDQJH VWUDWHJLHV DQG SROLFLHV
+RZHYHU LW LV XQOLNHO\ WR REWDLQ VSDWLDO FRKHUHQFH
ZKHQH[WUHPHSUHFLSLWDWLRQLVWKHVXEMHFWWKHUHIRUH
UHJLRQDODQGORFDOVFDOHLQYHVWLJDWLRQVRIH[WUHPH
SUHFLSLWDWLRQFKDUDFWHULVWLFVKDYHJDLQHGLPSRUWDQFH
7KHQXPEHURIH[WUHPHHYHQWVLQZDV
LQ7XUNH\7KHUHKDVEHHQDQLQFUHDVLQJWUHQGLQH[
WUHPHHYHQW RFFXUUHQFHV HVSHFLDOO\ GXULQJ WKH ODVW
WZR GHFDGHV 0RVW KD]DUGRXV H[WUHPH HYHQWV UHF
RUGHGLQZHUHKHDY\UDLQDQGIORRGV  DQG
ZLQGVWRUPV   2WKHUV ZHUH KDLO   OLJKW
QLQJ  VQRZ  DQGODQGVOLGHV  >@
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7UHQG7HVW7KH0DQQ±.HQGDOO 0. WUHQGWHVW
>@LVDQRQSDUDPHWULFWHVWIRUWUHQGGHWHF
WLRQWKDWZDVXVHGWRGHWHFWLIWKHUHLVDPRQRWRQLF
XSZDUGRUGRZQZDUGWUHQGRYHUWLPHIRUSUHFLSLWD
WLRQLQWKLVVWXG\7KH0DQQ±.HQGDOO>@WUHQG
WHVWLVDUDQNEDVHGWHVWWKDWLVXVHGPDQ\VWXGLHVDQG
LVDPRQJWKHPRVWZLGHO\XVHGQRQSDUDPHWULFWUHQG
WHVWV>@0DQQ±.HQGDOOWHVWVDOWHUQDWHK\
SRWKHVLV+WKDWLPSOLHVDQLQFUHDVLQJRUGHFUHDVLQJ
WUHQGRYHUWLPH7KHPDLQHTXDWLRQVRIWKH0.WHVW
DUHJLYHQEHORZ>@;LDQG;MDUHWKH
REVHUYDWLRQYDOXHV YDULDEOHV UHVSHFWLYHO\QLVWKH
QXPEHURIREVHUYDWLRQVWLLVWKHQXPEHURIWLHVIRU
LWKYDOXHDQGPLVWKHQXPEHURIWLHGYDOXHV$SRV
LWLYH=YDOXHLQGLFDWHVDQXSZDUGWUHQGZKLOHDQHJ
DWLYH=YDOXHLQGLFDWHVGRZQZDUGWUHQG

*ULGDQGGDWDZHUHXVHGIRUWKHIXWXUHSH
ULRG7DEOHDQG)LJXUHVKRZVWKHORFDWLRQRIWKH
PHWHRURORJLFDOVWDWLRQVDQGQHDUHVWSURMHFWLRQJULGV
WRWKHVHVWDWLRQVDVZHOODVWKHLUDOWLWXGHV:KLOH6WD
WLRQ  IDOOV LQWR *ULG  *ULG  UHVXOWV
ZHUH DOVR XVHG WR FRPSDUH WZR QHLJKERULQJ JULGV¶
UHVXOWVWRFDSWXUHDQ\YDULDWLRQVDQGFRYHUDODUJHU
DUHD7KHGDWDFRQVLVWHGRIGDLO\SURMHFWLRQVFRYHU
LQJWKH±SHULRG:HDOVRFKRVH±
DVWKHPRGHOYDOLGDWLRQSHULRG7KUHHJOREDOFOLPDWH
PRGHOV *&0V ZHUHXVHGWRSURMHFWGDLO\SUHFLSLWD
WLRQ QDPHO\ +DG*(0(6 03,(6005 DQG
*)'/(6007KHVH PRGHOV ZHUH RSHUDWHG ZLWK
WKH 5&3 DQG 5&3 HPLVVLRQ VFHQDULRV$ILQH
VFDOHG UHJLRQDOFOLPDWH PRGHO 5&0 5HJ&0 
FRXSOHGZLWKWKHVH*&0VSURYLGHGRXWSXWVDWNP
UHVROXWLRQ

ܵ   σିଵ
ஹଵ σஹାଵ ݃݅ݏሺݔ െ  ݔ ሻ  
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7$%/(
3URMHFWLRQGDWDVWDWLRQVDQGJULGV>@
6WDWLRQ
*ULG
6WDWLRQ
*ULG1R
$OWLWXGH
/DWL
/RQJL
/DWLWXGH /RQJLWXGH
P
WXGH
WXGH



 
$1.$5$%g/*( 
d$1.$<$7%00



 

%$+d(6ø
(7ø0(6*87



 

+$9$/ø0$1,
$1.$5$



 
*h9(5&ø1/ø.

+$9$/ø0$1,

7$%/(
([SODQDWLRQRI([SHUW7HDPRQ&OLPDWH&KDQJH'HWHFWLRQDQG,QGLFHV 
(7&&', XVHGLQWKLVVWXG\>@

$OWLWXGH
P





,'

1DPH

'HILQLWLRQ

8QLW

5;GD\

0D[GD\SUHFLSLWDWLRQDPRXQW

0RQWKO\PD[LPDOGD\SUHFLSLWDWLRQ

PP

5[GD\

0D[GD\SUHFLSLWDWLRQDPRXQW

0RQWKO\PD[LPDOFRQVHFXWLYHGD\SUHFLSLWDWLRQ

PP

6',,

6LPSOHGDLO\LQWHQVLW\LQGH[

$QQXDOWRWDOSUHFLSLWDWLRQGLYLGHGE\QXPEHURIZHWGD\V
GHILQHGDV35&3PP LQWKH\HDU

PPGD\

5

1XPEHURIKHDY\SUHFLSLWDWLRQ
GD\V

$QQXDOFRXQWRIGD\VZKHQ35&3PP

GD\

5

1XPEHURIYHU\KHDY\SUHFLSLWD
WLRQGD\V

$QQXDOFRXQWRIGD\VZKHQ35&3PP

GD\

5

([WUHPHO\KHDY\SUHFLSLWDWLRQGD\V

$QQXDOFRXQWRIGD\VZKHQ35&3PPXVHUGHILQHG

GD\

&''
&:'

&RQVHFXWLYHGU\GD\V
&RQVHFXWLYHZHWGD\V

0D[LPDOQXPEHURIFRQVHFXWLYHGD\VZLWK55PP
0D[LPDOQXPEHURIFRQVHFXWLYHGD\VZLWK55PP

GD\
GD\

$QQXDOWRWDO35&3LQZHWGD\V 55PP 

PP

35&3727 $QQXDOWRWDOZHWGD\SUHFLSLWDWLRQ


([SHUW7HDPRQ &OLPDWH&KDQJH 'HWHFWLRQ
DQG ,QGLFHV ([WUHPH 3UHFLSLWDWLRQ ,QGLFHV 7KH
([SHUW7HDPRQ&OLPDWH&KDQJH'HWHFWLRQDQG,Q
GLFHV (7&&', RIWKH:RUOG0HWHRURORJLFDO2UJDQ
L]DWLRQ :02  LV ZLGHO\ XVHG WR LGHQWLI\ H[WUHPH
HYHQWV FKDUDFWHULVWLFV ,Q WKLV VWXG\  VSHFLILF H[
WUHPHSUHFLSLWDWLRQ LQGLFHV ZHUH H[WUDFWHG XVLQJ
5&OLP'H[5EDVHGVRIWZDUH>@7KHTXDOLW\FRQ
WURO RI WKH SUHFLSLWDWLRQ WLPH VHULHV ZDV DOVR WHVWHG
ZLWK 5&OLP'H[ DQG WKH 5+WHVWVBGO\3UFS VRIWZDUH
SDFNDJHV
$IWHU WKH UHTXLUHG FKHFNV ZHUH FRPSOHWHG
5&OLP'H[ ZDV UXQ WR FDOFXODWH H[WUHPHSUHFLSLWD
WLRQLQGLFHVVKRZQLQ7DEOHIURPWKHGDLO\SUHFLS
LWDWLRQVHULHV

([WUHPH 9DOXH $QDO\VLV ([WUHPHYDOXH WKH
RU\ (97 LVFRQFHUQHGZLWKWKHVWDWLVWLFDOSURSHUWLHV
RIWKHWDLOVRIGLVWULEXWLRQVDQGSURYLGHVWKHQHFHV
VDU\PHWKRGVWRHVWLPDWHWKHGLVWULEXWLRQRIWKHH[
WUHPHVRIDWLPHVHULHV>@,QWKLVZD\WKHTXDQWL
ILFDWLRQRIWKHUHWXUQYDOXHVDQGUHWXUQSHULRGVRIH[
WUHPHHYHQWVEHFRPHSRVVLEOH 

(97 XVHV SUREDELOLVWLFGLVWULEXWLRQ IXQFWLRQV
VXFKDVJHQHUDOL]HGH[WUHPHYDOXH *(9 RUJHQHU
DOL]HGORJLVWLF */  IXQFWLRQ WR DQQXDO PD[LPDO
$0 VHULHVRUJHQHUDOL]HG3DUHWRGLVWULEXWLRQ *3' 
IXQFWLRQWKDWLVILWWHGRQSHDNRYHUWKUHVKROG 327 
VHULHV>@7KH327DSSURDFKHQDEOHVWRHPSOR\D
ODUJHUVDPSOHVL]HWKDQWKHEORFNPD[LPDDSSURDFK
GRHVEXWGHILQLQJWKHWKUHVKROGYDOXHLVDFULWLFDOLV
VXHWKDWPD\FDXVHVXEVWDQWLDOYDULDWLRQLQWKHUHVXOWV
6HOHFWLQJDVLQJOHYDOXHIURPHDFKEORFN \HDULQWKLV
VWXG\ FDXVHVVPDOOVDPSOHVL]HVWKDWFRXOGDIIHFWWKH
H[WUHPHYDOXH DQDO\VLV RXWFRPHV +RZHYHU ±
DQG±DUHQRWVKRUWSHULRGVDQGUHOD
WLYHO\HQRXJKGDWDZHUHDYDLODEOHLQWKLVVWXG\ 
%RWKPHWKRGVZHUHXVHGLQWKHSUHVHQWVWXG\WR
ILW REVHUYHG DQG IXWXUHSUHFLSLWDWLRQ GDWD ,W LV D
ZHOONQRZDQGZLGHO\XVHGPHWKRGRORJ\IRUWKHDS
SOLFDWLRQV WKDW QHHG H[WUHPH HQYLURQPHQWDO FRQGL
WLRQVDVVHVVPHQW>@
*(9DQG*3FXPXODWLYHGLVWULEXWLRQIXQFWLRQV
FGI DUHJLYHQE\(TXDWLRQV  DQG  
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LQOHDS\HDUV 7KHPD[LPXPIRUHDFKEORFNLVGHWHU
PLQHGDQGVXEVHTXHQWO\*(9GLVWULEXWLRQLVILWWHG
WRWKHREWDLQHGPD[LPD>@
2Q WKH RWKHU KDQG IRU WKH 327 DSSURDFK D
WKUHVKROGYDOXHLVVHOHFWHGWRGHULYHWKHVDPSOHGDWD
7KH327DSSURDFKHQDEOHVWRHPSOR\DODUJHUVDP
SOHVL]HWKDQWKHEORFNPD[LPDDSSURDFKGRHV6H
OHFWLQJDVLQJOHYDOXHIURPHDFKEORFN \HDULQWKLV
VWXG\ FDXVHVVPDOOVDPSOHVL]HVWKDWFDQDIIHFWWKH
H[WUHPHYDOXH DQDO\VLV RXWFRPHV EXW GHILQLQJ WKH
WKUHVKROGYDOXHLVDFULWLFDOLVVXHWKDWPD\FDXVHVXE
VWDQWLDO YDULDWLRQ LQ UHVXOWV$ JUDSKLFDO LOOXVWUDWLRQ
WKDWZDVXVHGLQWKLVVWXG\IRUWKUHVKROGVHOHFWLRQLV
JLYHQLQ)LJXUHDQG)LJXUH
$FFRUGLQJ WR &ROHV >@ D KLJK WKUHVKROG LQ
FUHDVHVYDULDQFHZKLOHWRRORZDWKUHVKROGJHQHUDWHV
DKLJKHUELDVVLQFHWKLVOHDGVWRWKHXVHRIGDWDWKDW
DUHRXWRIWKHWDLORIGLVWULEXWLRQ,QWKLVVWXG\WKUHVK
ROGVHOHFWLRQZDVEDVHGRQWKHLQVSHFWLRQRIWKH 

*(9GLVWULEXWLRQKDVWKUHHSDUDPHWHUVQDPHO\
ORFDWLRQ ȝ VFDOHDQGVKDSH ȟ SDUDPHWHUVDQGWKH
SUREDELOLW\GHQVLW\IXQFWLRQIRU*3GLVWULEXWLRQKDV
VFDOH SDUDPHWHU ı  VKDSH SDUDPHWHU ȟ    DQG
WKUHVKROGSDUDPHWHU X 7KHLUSDUDPHWHUVZHUHHVWL
PDWHGZLWKPD[LPXPOLNHOLKRRGHVWLPDWLRQ 0/( 
/PRPHQWV>@PHWKRGV
$VLQGLFDWHGWKHUHDUHWZREDVLFPHWKRGVWRGH
ULYH H[WUHPHSUHFLSLWDWLRQ GDWD   EORFN PD[LPD
DQG   SHDN RYHU WKUHVKROG 327  ,Q WKH EORFN
PD[LPD DSSURDFK PD[LPDO YDOXHV IURP HTXDO
OHQJWKEORFNVDUHVHOHFWHGWRREWDLQWKHEORFNPD[
LPD RI WKDW OHQJWK \HDU PRQWK HWF  7KH EORFN
PD[LPD DSSURDFK DLPV WR GHVFULEH WKH SUREDELOLW\
GLVWULEXWLRQ RI WKH PD[LPD RI D EORFN HJ DQQXDO
PD[LPDO SUHFLSLWDWLRQ 7KH IXOO GDWDVHW LV GLYLGHG
LQWRHTXDOO\VL]HGVXEVHWVRIGDWDIRULQVWDQFH\HDUO\
EORFNVRIGDLO\SUHFLSLWDWLRQPHDVXUHPHQWV 
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VFHQDULRVZHUHXVHGWRREWDLQIXWXUHSHULRGSUHFLSL
WDWLRQLQGLFHV
%DVLFVWDWLVWLFDOFKDUDFWHULVWLFVRIWKHVHLQGLFHV
DUHSUHVHQWHGLQ7DEOHDQG7DEOH,Q7DEOHFRQ
VHFXWLYH GU\ GD\V &''  FRQVHFXWLYH ZHW GD\V
&:' QXPEHURIKHDY\SUHFLSLWDWLRQGD\V 5 
QXPEHURIYHU\KHDY\SUHFLSLWDWLRQGD\V 5 DQG
QXPEHURIH[WUHPHO\KHDY\SUHFLSLWDWLRQGD\V 5 
DUH SUHVHQWHG DV IUHTXHQF\ LQGLFHV ,Q JHQHUDO WKH
PHDQDQGVWDQGDUGGHYLDWLRQYDOXHVRIREVHUYDWLRQ
SHULRGLQGLFHVZHUHVPDOOHUWKDQWKHFRUUHVSRQGLQJ
YDOXHV GHWHUPLQHG IRU IXWXUHSHULRG H[FHSW IRU WKH
&''UHVXOWVRI*)'/XQGHUWKH5&3DQG5&3
VFHQDULRVDQG+*XQGHUWKH5&3DQG5&3VFH
QDULRVDWERWKJULGV5HVXOWVLQGLFDWHDQLQFUHDVHLQ
LQGH[PDJQLWXGH0RUHRYHUWKHPRGHOUHVXOWVVKRZ
KLJKHU YDULDELOLW\ FRPSDUHG WR WKDW RI WKH REVHUYD
WLRQSHULRGYDOXHV0DJQLWXGHDQGWKHYDULDELOLW\RI
H[WUHPHSUHFLSLWDWLRQLQGLFHVLQFUHDVHGLQWLPH$G
GLWLRQDOO\WKHPHDQYDOXHVRILQGLFHVDW*ULG
ZHUHODUJHUWKDQWKHLUFRUUHVSRQGLQJYDOXHVDW*ULG
 DSDUW IURP &'' ZKLFK UHYHDOHG D VOLJKWO\
VPDOOHUPHDQWKDQWKDWRI*ULGYDOXHV

PHDQUHVLGXDOSORWDQGSDUDPHWHUWKUHVKROGVWDELOLW\
SORWV>@WKDWDUHXVHGLQVHYHUDOVWXGLHVWR
GHWHFWWKHWKUHVKROG>@WKHUHDUHDOVR
PHWKRGV WKDWGHILQH WKH WKUHVKROG DV DGHVLUHGSHU
FHQWLOHRIGDLO\SUHFLSLWDWLRQGDWD>@$OWKRXJK
LWLVQRWDQHDV\SURFHVVWRLQWHUSUHWWKHVHSORWVWKH
EDVLF LGHD EHKLQG WKH LQWHUSUHWDWLRQ LV GHILQLQJ WKH
OLQHDU GRPDLQ /RZHU YDULDELOLW\ FDQ EH REWDLQHG
ZLWKWKHOLQHDULW\RIWKHPHDQH[FHVVDQGWKUHVKROG
YDOXH$GHWDLOHGH[SODQDWLRQDERXWWKUHVKROGVHOHF
WLRQFDQEHIRXQGLQ>@DQGDVXPPDU\RIWKHPRVW
ZLGHO\XVHGDSSURDFKHVZDVSUHVHQWHGLQ>@



5(68/76 

,QGH[6WDWLVWLFDO,QIHUHQFHDQG7UHQGV1LQH
H[WUHPHSUHFLSLWDWLRQ LQGLFHV ZHUH FDOFXODWHG IURP
WKH GDLO\ SUHFLSLWDWLRQ VHULHV RI WKH REVHUYDWLRQ
± DQGSURMHFWLRQSHULRGV ± DW
$QNDUD7XUNH\+DG*(0(603,(6005DQG
*)'/(600UHVXOWVXQGHUWKH5&3DQG5&3
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VLJQLILFDQW WUHQG IRU WRWDO SUHFLSLWDWLRQ )RU *ULG
,Q 7DEOH  DQQXDO WRWDO ZHWGD\ SUHFLSLWDWLRQ
+*XQGHU5&3UHVXOWVLQGLFDWHVLJQLILFDQW
35&3727  VLPSOH GDLO\ LQWHQVLW\ LQGH[ 6',, 
LQFUHDVLQJWUHQGIRU&''03,XQGHU5&3UHVXOWV
PD[GD\SUHFLSLWDWLRQDPRXQW 5[GD\ DQGPD[
UHYHDOVLJQLILFDQWGHFUHDVLQJWUHQGVIRU5PPWR
GD\SUHFLSLWDWLRQDPRXQW 5[GD\ DUHSUHVHQWHG
WDOSUHFLSLWDWLRQDQGLQFUHDVLQJWUHQGIRU&''LQGL
DVLQWHQVLW\LQGLFHV7KHPHDQDQGVWDQGDUGGHYLD
FHV0RUHRYHU*)'/XQGHU5&3VKRZGHFUHDV
WLRQ YDOXHV RI UHIHUHQFHSHULRG LQGLFHV UHYHDOHG
LQJVLJQLILFDQWWUHQGIRU&:'LQGH[IRU*ULG
VPDOOHU WKDQ WKH FRUUHVSRQGLQJ YDOXHV GHWHUPLQHG
7RWDO SUHFLSLWDWLRQ VKRZHG GHFUHDVLQJ WUHQG IRU DOO
ZLWKIXWXUHSHULRGYDOXHVLQJHQHUDOH[FHSWIRUWKH
JULGV PRGHOV DQG VFHQDULR FRPELQDWLRQV ZKLOH LQ
6',,UHVXOWVRI*)'/XQGHUWKH5&3DQG5&3
FUHDVLQJWUHQGLVGHWHFWHGIRUREVHUYDWLRQSHULRG2Q
VFHQDULRV+*XQGHU5&3DQG5&3VFHQDULRVDW
WKHRWKHUKDQGWKH&''LQGH[VKRZLQFUHDVLQJWUHQG
*ULG*)'/XQGHUWKH5&3DQG5&3VFH
IRUDOOFRPELQDWLRQVH[FHSWIRU*ULG*)'/XQ
QDULRVDQG+*XQGHU5&3DW*ULG5HVXOWV
GHU5&3 
LQGLFDWH DQ LQFUHDVH LQ WKH PDJQLWXGH RI LQGLFHV LQ
&RQVLGHULQJ WKH WZR JULG FHOOV WUHQGWHVW UH
WKHIXWXUHSHULRG)XUWKHUPRUHPRGHOUHVXOWVVKRZ
VXOWVLQGLFDWHDQHJDWLYHWUHQGWHQGHQF\IRUWKHSUH
KLJKHU YDULDELOLW\ FRPSDUHG WR WKH REVHUYDWLRQ SH
FLSLWDWLRQLQGLFHVDW*ULGFRPSDUHGWRWKRVHRI
ULRGYDOXHVHVSHFLDOO\DW*ULGZKLFKLQGLFDWHG
*ULG  ,Q JHQHUDO  RI WKH PRGHO UHVXOWV
KLJKHUYDULDELOLW\RIH[WUHPHSUHFLSLWDWLRQLQGLFHVLQ
VKRZDGHFUHDVLQJWUHQGIRUWKH5LQGH[RI
WKHIXWXUHSHULRG0RUHRYHUDOPRVWDOOPHDQYDOXHV
WKHPRGHOUHVXOWVVKRZHGQHJDWLYHWUHQGIRUWRWDOSUH
RILQGLFHVDW*ULGZHUHODUJHUWKDQWKHLUFRUUH
FLSLWDWLRQZKLOHWKHREVHUYDWLRQSHULRGUHVXOWVVKRZ
VSRQGLQJYDOXHVDW*ULG
LQFUHDVLQJWUHQGIRUWKHVHLQGLFHVRIPRGHOUH
)XUWKHUPRUH0.WUHQGWHVWZDVXVHGWRLGHQ
VXOWV VKRZ D GHFUHDVLQJ WUHQG IRU WKH &:' LQGH[
WLI\WKHWUHQGWHQGHQFLHVLQWKHH[WUHPHSUHFLSLWDWLRQ
ZKLFKVKRZVVLPLODUWUHQGWHQGHQF\IRUWKHREVHUYD
LQGLFHV FRQVLGHUHG LQ WKLV VWXG\ +LVWRULFDOSHULRG
WLRQ SHULRG ZKLOH  DQG  RI PRGHO UHVXOWV
± DQGSURMHFWLRQSHULRG ± LQ
VKRZDQLQFUHDVLQJWUHQGIRUWKH&''DQG6',,LQ
GLFHV ZHUH H[WUDFWHG IURP +DG*(0(6 +* 
GLFHVUHVSHFWLYHO\LQDFFRUGDQFHZLWKWKHREVHUYD
03,(6005 03, DQG*)'/(600 *)'/ 
WLRQSHULRGWUHQGUHVXOWV6LJQLILFDQWWUHQGUHVXOWVRI
PRGHOUHVXOWVXQGHUWKH5&3DQG5&3VFHQDULRV
PRGHOVFRQWUDGLFWZLWKWKHREVHUYDWLRQSHULRGUHVXOWV
IRU*ULGVDQG6LJQLILFDQFHOHYHOZDVDF
LQ WHUPV RI GLUHFWLRQ IRU 5 35&3727 DQG
FHSWHGDVIRUWKH0.UHVXOWVDQGLVSUHVHQWHGLQ
5[GD\LQGLFHV7KHPRGHOUHVXOWVIRUWKHVHLQGLFHV
7DEOH
VKRZVLJQLILFDQWGHFUHDVLQJWUHQGZKLOHREVHUYDWLRQ
7KH YDOXHV LQ 7DEOH  VKRZ WKDW LQ JHQHUDO
SHULRG WUHQG UHVXOWV LQGLFDWH LQFUHDVLQJ WUHQG DOW
WKHUHDUHLQFUHDVLQJWUHQGVLQYDOXHVRI55WR
KRXJK QRW VLJQLILFDQW +RZHYHU 5 &:' &''
WDOSUHFLSLWDWLRQ&''DQG6',,LQGLFHVZKLOHGH
WUHQG UHVXOWV RI PRGHOV VKRZ VLPLODU GLUHFWLRQ EXW
FUHDVLQJWUHQGVZHUHGHWHFWHGIRU5DQG&:'LQ
WKH PDJQLWXGH RI WKH UHVXOWV GLIIHUV VXFK DV LQ WKH
GLFHV IRU WKH REVHUYDWLRQ SHULRG +RZHYHU WKH GH
&:'LQGH[WUHQGWHVWUHVXOWVLQFHWKHRQO\VLJQLIL
WHFWHG WUHQGV RI WKHVH LQGLFHV ZHUH QRW VWDWLVWLFDOO\
FDQWWUHQGLVVKRZQE\6',,LQGH[IRUWKHREVHUYD
VLJQLILFDQWH[FHSWIRU6',,
WLRQSHULRG
7KH0.VWDWLVWLFVRISUHFLSLWDWLRQLQGLFHVGHWHU
7DEOHDQG7DEOHVKRZWKHPRQWKO\PD[LPDO
PLQHGXVLQJWKHSURMHFWHGSUHFLSLWDWLRQVHULHVIRUWKH
GD\SUHFLSLWDWLRQWUHQGVIRU*ULGVDQG
± SHULRG VKRZHG GLIIHUHQW UHVXOWV ,QGH[
UHVSHFWLYHO\ZLWKREVHUYHGDQGSURMHFWHGGDWD$OW
WUHQGVIRU*ULGVKRZHGDVLJQLILFDQWLQFUHDVLQJ
KRXJKQHJDWLYHDQGSRVLWLYHWUHQGVZHUHGHWHFWHGIRU
WUHQGIRUWKH5DQG&''LQGLFHVZLWK+*XQGHU
WKHREVHUYDWLRQSHULRGWKHVHZHUHQRWVLJQLILFDQWDW
5&3 03, XQGHU 5&3 UHVXOWV LQGLFDWH VLJQLIL
WKHOHYHO+RZHYHUQHJDWLYHVLJQLILFDQWWUHQGV
FDQWLQFUHDVLQJWUHQGVIRUWKH&''DQG5[GD\LQ
GLFHVDQG*)'/XQGHU5&3VKRZHGDGHFUHDVLQJ

7$%/(
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*ULG
*ULG


2%6

03, *)'/

,QGLFHV
]
]
5 í 
5  
5  

]

í
í
í
35&3727  í í
&:' í í 

&''
6',,
5[GD\
5[GD\

 
  
 
 


í
í
í

+*

03,

*)'/

+*

03,

*)'/

+*

03,

*)'/

+*

]

]

]

]

]

]

]

]

]

]

   í í í
  í í  í í
 í í   í
í í í í í í
í  í í  í
      
     í
    í í
  í  í í



 
 í  í

í í

í í  í í
í í  í í
í í í  í

    í 
 í
í

 í í 
í í  

E\363 

9ROXPH±1RSDJHV


0RQWK
-DQ
)HE
0DU
$SU
0D\
-XQ
-XO 
$XJ 
6HS 
2FW 
1RY 
'HF 

2%6
]
í
í


í
í
í

í


í


0RQWK
-DQ 
)HE 
0DU 
$SU 
0D\ 
-XQ 
-XO 
$XJ 
6HS 
2FW 
1RY 
'HF 

2%6
]
í
í


í
í
í

í


í


0RQWK
-DQ 
)HE 
0DU 
$SU 
0D\ 
-XQ 
-XO 
$XJ 
6HS 
2FW 
1RY 
'HF 

2%6
]

í


í

í

í






                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
0RQWKO\5;GD\0.WHVW]YDOXHVIRU*ULG
03,
*)'/
+*
03,
]
]
]
]

í


í
í

í



í
í


í



í
í

í
í
í
í

í
í


í
í
í
í
í

í
í
í

í
í


í



7$%/(
0RQWKO\5;GD\0.WHVW]YDOXHVIRU*ULG
03,
*)'/
+*
03,
]
]
]
]

í


í
í

í
í


í
í


í

í
í
í
í
í

í
í
í

í
í
í

í
í
í
í
í

í
í
í

í
í


í
í


7$%/(
0RQWKO\5;GD\0.WHVW]YDOXHVIRU*ULG
03,
*)'/
+*
03,
]
]
]
]




í
í

í
í


í
í


í



í

í

í
í
í
í
í
í
í

í
í
í
í
í

í
í
í

í
í


í
í



FRXOG EH VHHQ ZKHQ SURMHFWHG UHVXOWV ZHUH LQYHVWL
JDWHGDW*ULG7KHVHQHJDWLYHWUHQGVZHUHGH
WHFWHGIURPWKH03,XQGHU5&3DQG*)'/XQGHU
5&3DQG5&3UHVXOWV7KHVHVLJQLILFDQWQHJD
WLYHWUHQGVZHUHGHWHUPLQHGSDUWLFXODUO\IRUWKHVXP
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*)'/XQGHU5&32FWREHUZKLFKLQGLFDWHGVLJ
QLILFDQW SRVLWLYH WUHQGV 3URMHFWHG UHVXOWV UHYHDO
PRVWO\QHJDWLYHWUHQGVH[FHSWIRU+*XQGHU5&3
IRUERWKJULGFHOOVDQGWKHVHWUHQGWHQGHQFLHVZHUH
JHQHUDOO\VWURQJHUWKDQREVHUYDWLRQSHULRGWUHQGV
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7DEOHDQG7DEOHVKRZPRQWKO\PD[LPDO
1RYHPEHUKDYLQJDVLJQLILFDQWSRVLWLYHWUHQGIRUWKH
GD\SUHFLSLWDWLRQWUHQGVIRU*ULGVDQGUH
REVHUYDWLRQ SHULRG 2Q WKH RWKHU KDQG *ULG 
VSHFWLYHO\ZLWKREVHUYHGDQGSURMHFWHGGDWD$SRV
DQGUHVXOWVUHYHDOWKDWWKHSURMHFWHGSUHFLSLWD
LWLYHWUHQGWHQGHQF\LVGHSLFWHGE\WKHUHVXOWVZLWK
WLRQLQGLFHVKDGDVWURQJQHJDWLYHWUHQGWHQGHQF\ 
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G

G
),*85(
33DQG44SORWVRIREVHUYDWLRQSHULRGPRGHOVD *(90/(E *(9/PRPHQWVF  
*30/(G *3/PRPHQWV

FRPSDUHGWRWKDWRIWKHREVHUYDWLRQSHULRG03,XQ
GHU5&3DQG*)'/XQGHU5&3UHVXOWVVKRZD
VLJQLILFDQWQHJDWLYHWUHQGHVSHFLDOO\IRUWKHVSULQJ
VXPPHUDQGDXWXPQPRQWKV

([WUHPH9DOXH$QDO\VHV  2EVHUYDWLRQ 3H
ULRG 0D[LPDO GDLO\ SUHFLSLWDWLRQ UHWXUQ OHYHOV LQ
PP RIWKHDQG\HDUUHWXUQ
SHULRGVZHUHGHWHUPLQHGE\H[WUHPHYDOXHDQDO\VHV
RIWKH±REVHUYDWLRQSHULRGDQGWKH±
IXWXUHSHULRG+DG*(0(6 +* 03,(60
05 03, DQG*)'/(600 *)'/ PRGHOUH
VXOWV XQGHU WKH 5&3 DQG 5&3 VFHQDULRV ZHUH
XVHG IRU WKH IXWXUHSHULRG DQDO\VHV %ORFNPD[LPD
DQGSHDNRYHUWKUHVKROGDSSURDFKHVZHUHXVHGZLWK
SDUDPHWHUVHVWLPDWHGE\PD[LPDOOLNHOLKRRGHVWLPD
WLRQ 0/(  DQG /PRPHQW /020  DSSURDFKHV
3HUIRUPDQFH SORWV RI WKHVH PHWKRGV ZHUH JLYHQ LQ
)LJXUH 
$VLQGLFDWHGLQ6HFWLRQWKHPHDQUHVLGXDOOLIH
SORWDQGSDUDPHWHUVWDELOLW\SORWVZHUHXVHGWRVHOHFW
DQ DSSURSULDWH WKUHVKROG YDOXH IRU WKH SHDNRYHU


WKUHVKROGDQDO\VHV7KUHVKROGYDOXHVDUHVHSDUDWHO\
GHSLFWHGIRUHYHU\WLPHVHULHVDQGZHUHXVHGLQWKH
DQDO\VHV 0RUHRYHU GDLO\ DQQXDO PD[LPDO YDOXHV
ZHUHGHULYHGIURPWKHREVHUYHGDQGIXWXUHSUHFLSLWD
WLRQVHULHVRIWKH±DQG±SHULRGV
$IWHU GDWD SUHSDUDWLRQ ZDV FRPSOHWHG H[WUHPH
YDOXHDQDO\VHVZLWKEORFNPD[LPD *(9GLVWULEXWLRQ 
DQGSHDNRYHUWKUHVKROG *3GLVWULEXWLRQ ZHUHSHU
IRUPHG WR LGHQWLI\ WKH  K UHWXUQOHYHO HVWLPDWHV
7KHQ FDOFXODWHG UHWXUQ OHYHOV ZHUH FRPSDUHG ZLWK
IXWXUHSHULRG DPRXQWV IRU WKH DERYHPHQWLRQHG UH
WXUQSHULRGV 
&RQVLGHULQJ WKH REVHUYDWLRQ SHULRG *(9
PRGHO UHVXOWV \LHOG KLJKHU UHWXUQ OHYHOV FRPSDUHG
ZLWK WKRVH RI WKH 327 UHVXOWV 7KH RQO\ H[FHSWLRQ
ZDVWKH\HDUUHWXUQSHULRGYDOXHRIWKH*(9GLV
WULEXWLRQ0/(SDUDPHWHUHVWLPDWLRQDSSURDFK*(9
DQG 327 UHYHDOHG VLPLODU UHVXOWV IRU WKHLU FRUUH
VSRQGLQJ SDUDPHWHUHVWLPDWLRQ PHWKRGV KRZHYHU
IRU *(9 GLVWULEXWLRQ /PRPHQWV PHWKRG UHVXOWV
VKRZDQLQFUHDVHDIWHUWKH\HDUUHWXUQSHULRG 7D
EOH 
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<HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU
<HDU
03,            
03,            
*)'/           

*)'/            
+*            
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%/2&.0$;,0$ *(9 /020

*ULG
*ULG













<HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU <HDU
<HDU
03,            
03,            
*)'/           

*)'/            
+*            
+*            

GHFUHDVHZLWKUHVSHFWWRWKHREVHUYDWLRQSHULRG
)XUWKHUPRUH REVHUYDWLRQSHULRG UHVXOWV ZHUH
&RQVLGHULQJ *ULG  *)'/ XQGHU 5&3 DQG
FRPSDUHGZLWKWKRVHRIWKHIXWXUHSHULRG$VPHQ
+*XQGHU5&3UHVXOWVKDYHVPDOOHUSUHFLSLWDWLRQ
WLRQHGEHIRUHEORFNPD[LPDDQGSHDNRYHUWKUHVK
DPRXQWV WKDQ WKH REVHUYDWLRQSHULRG DPRXQWV IRU
ROGPHWKRGVZHUHXVHGZLWKSDUDPHWHUVHVWLPDWHGE\
PHGLXP DQG ORQJHUUHWXUQ SHULRGV 2Q WKH RWKHU
WKHPD[LPDOOLNHOLKRRGDQG/PRPHQWVDSSURDFKHV
KDQGWKHUHVWRIWKHPRGHOUHVXOWVDW*ULGKDG
DQGUHVXOWVZHUHFRPSDUHGZLWKWKRVHRIWKHREVHU
VXEVWDQWLDOO\KLJKHUYDOXHVWKHUDWHRILQFUHDVHHYHQ
YDWLRQSHULRGUHVSHFWLYHO\ 7DEOHV± )RUHDVH
UHDFKHV  DQG PRUH IRU 03, XQGHU 5&3
RIFRPSDULVRQRQO\*(9±0/(UHVXOWVZHUHXVHGWR
ZKLFK UHYHDOHG KLJKHU GDLO\ PD[LPDO SUHFLSLWDWLRQ
UHSUHVHQWWKHREVHUYDWLRQSHULRG 
UHWXUQOHYHOVWKDQWKRVHRI03,XQGHU5&3IRUDOO
)LUVW UHWXUQOHYHO YDOXHV RI IXWXUH SURMHFWLRQV
UHWXUQSHULRGV
WKDW ZHUH FRPSXWHG ZLWK WKH EORFNPD[LPD DS
3URMHFWHG VHULHV WKDW ZHUH DQDO\]HG ZLWK WKH
SURDFKDQGWKH0/(PHWKRG 7DEOH ZHUHFRP
EORFNPD[LPD %0 ±/PRPHQWVPHWKRG 7DEOH 
SDUHG ZLWK WKRVH RI WKH REVHUYDWLRQ SHULRG *ULG
UHYHDOHGWKHVDPHEHKDYLRUDVWKDWRIWKH%0±0/(
 UHVXOWV UHYHDO WKDW 03, XQGHU 5&3 DQG
EORFN PD[LPDPD[LPXP OLNHOLKRRG HVWLPDWLRQ 
5&3DQG+*XQGHU5&3UHVXOWVDUHKLJKHUWKDQ
PHWKRG UHVXOWV +LJKHU UHWXUQOHYHO DPRXQWV ZHUH
WKRVHRIWKHREVHUYDWLRQSHULRG2QWKHRWKHUKDQG
REVHUYHG ZLWK 03, XQGHU 5&3 DQG 5&3 DQG
*)'/ XQGHU 5&3 DQG 5&3 DQG +* XQGHU
+* XQGHU 5&3 DW *ULG  ZKLOH 03, XQGHU
5&3UHVXOWV\LHOGHGVPDOOHUSUHFLSLWDWLRQDPRXQWV
5&3 DQG 5&3 *)'/ XQGHU 5&3 DQG +*
IRUDOOUHWXUQSHULRGV7KHPDJQLWXGHRIWKHGLIIHU
XQGHU5&3UHVXOWVUHYHDOKLJKHUUHWXUQOHYHO 
HQFHV VKRZHG D  WR  LQFUHDVH DQG D  WR
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<HDU <HDU
<HDU <HDU
   
   
   
   
   
   


DPRXQWV DW *ULG  :KHWKHU LW ZDV QHJDWLYH RU
SRVLWLYHWKHDPRXQWRIGLIIHUHQFHEHWZHHQSURMHFWHG
DQGREVHUYHGGDLO\PD[LPDOYDOXHVLQFUHDVHGZLWKD
MRLQWUHWXUQSHULRGZKHUHLWZDVPRUHDSSDUHQWIRU
*ULG
7KHYDOXHVLQ7DEOHDQG7DEOHVKRZWKDW
WKH PD[LPDO  K SUHFLSLWDWLRQUHWXUQ OHYHOV GHWHU
PLQHGIRUWKHDQG\HDUUH
WXUQSHULRGVE\ILWWLQJ*3GLVWULEXWLRQZHUHIRXQGWR
EHORZHUWKDQWKRVHFDOFXODWHGXVLQJH[WUHPHSUHFLS
LWDWLRQ GDWD H[WUDFWHG IURP WKH REVHUYDWLRQSHULRG
SUHFLSLWDWLRQ GDWD H[FHSW IRU \HDU UHWXUQSHULRG
OHYHOV IRU WKH 03, XQGHU 5&3 *)'/ XQGHU
5&3 DQG 5&3 DQG +* XQGHU 5&3 RI SUR
MHFWHGGDLO\SUHFLSLWDWLRQRIWKH±SHULRGDW
*ULG2QWKHRWKHUKDQGWKHSURMHFWHGUHVXOWV
DW*ULGVKRZQRVPDOOHUUHWXUQOHYHODPRXQWV
FRPSDUHGWRWKRVHRIWKHREVHUYDWLRQSHULRGDQGWKH 
LQFUHDVH UDQJHG IURP  WR  IRU WKH 0/(
PHWKRGDQGWRIRUWKH/PRPHQWVPHWKRG
%HVLGHVWKHREVHUYHGSHULRGFRPSDULVRQWZRJULGV
ZHUH DOVR FRPSDUHG LQ WHUPV RI UHWXUQYDOXH
DPRXQWV 5HJDUGOHVV RI PHWKRG GLVWULEXWLRQ RU
PRGHODOPRVWDOOUHWXUQOHYHODPRXQWVDW*ULG
ZHUHFRQVLGHUDEO\JUHDWHUWKDQWKRVHRI*ULG
7KHKLJKHUWKHUHWXUQSHULRGZDVWKHODUJHUWKHGLI
IHUHQFH ZDV EHWZHHQ WZR JULGV IRU WKH ±
SHULRG

*ULG


<HDU
<HDU
 
 
 
 
 
 


<HDU








<HDU







&21&/86,216

,QWKLVVWXG\GDLO\REVHUYHGSHULRG ± 
DQGSURMHFWLRQSHULRG ± SUHFLSLWDWLRQGDWD
ZHUHXVHGWRDQDO\]HH[WUHPHSUHFLSLWDWLRQFKDUDF
WHULVWLFV DW $QNDUD 7XUNH\ +DG*(0(6 03,
(6005DQG*)'/(600UHVXOWVXQGHU5&3
DQG5&3VFHQDULRVZHUHXVHGWRREWDLQIXWXUHSH
ULRG SUHFLSLWDWLRQ VHULHV (OHYHQ VSHFLILF H[WUHPH
SUHFLSLWDWLRQ LQGLFHV DW$QNDUD ZHUH REWDLQHG DQG
DQDO\]HG LQ WHUPV RI WUHQGZLWK WKH 0. WUHQG WHVW
'DLO\ H[WUHPHSUHFLSLWDWLRQ GDWD RI YDULRXV UHWXUQ
SHULRGV DQG\HDUV ZHUHDOVR
FDOFXODWHGXVLQJWKHSHDNRYHUWKUHVKROG 327 DQG
EORFNPD[LPD %0  PHWKRGV IRU WKH KLVWRULFDO
± DQGSURMHFWHG ± SHULRGV
)LUVW H[WUHPHSUHFLSLWDWLRQ LQGLFHV¶ EDVLF VWD
WLVWLFDO FKDUDFWHULVWLFV ZHUH GHWHUPLQHG7KH FDOFX
ODWHGYDOXHVUHYHDOHGVLJQLILFDQWGLIIHUHQFHVEHWZHHQ
WKHLQGLFHVGHWHUPLQHGXVLQJWKHREVHUYDWLRQSHULRG
DQG WKH WZR JULG FHOOV¶ IXWXUHSHULRG SUHFLSLWDWLRQ
GDWD$GGLWLRQDOO\WUHQGWHQGHQFLHVRIH[WUHPHSUH
FLSLWDWLRQLQGLFHVZHUHGHWHFWHGE\XVLQJWKHQRQSDU
DPHWULF0.WUHQGWHVW7KH0.WUHQGPRVWO\GLGQRW
VKRZ VLJQLILFDQW WUHQGV DQG LQVLJQLILFDQW WUHQGV
ZHUHPRVWO\QHJDWLYH 
0RUHRYHU H[WUHPHYDOXH DQDO\VHV ZHUH SHU
IRUPHGZLWKWKH%0DQG327RIWKHGDLO\SUHFLSLWD
WLRQGDWDDQGUHWXUQOHYHOYDOXHVIRUWKH
DQG\HDUUHWXUQSHULRGYDOXHVZHUHFDO
FXODWHG 7KH UHVXOWV RI WKH H[WUHPHYDOXH DQDO\VHV
VKRZ WKDW *ULG  UHWXUQOHYHO YDOXHV ZHUH FRQ
VLGHUDEO\JUHDWHUWKDQWKRVHRI*ULGWKHKLJKHU
WKH UHWXUQ SHULRG ZDV WKH ODUJHU WKH GLIIHUHQFH EH
WZHHQWKHWZRJULGVIRUWKH±SHULRGZDV
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>@,3&&   0DQDJLQJ WKH 5LVNV RI ([WUHPH
(YHQWV DQG 'LVDVWHUV WR $GYDQFH &OLPDWH
&KDQJH$GDSWDWLRQ$6SHFLDO5HSRUWRI:RUN
LQJ *URXSV , DQG ,, RI WKH ,QWHUJRYHUQPHQWDO
3DQHORQ&OLPDWH&KDQJH,3&&*HQHYD6ZLW
]HUODQG
>@.XQG]HZLF]=:.DQDH66HQHYLUDWQH6,
+DQGPHU-1LFKROOV13HGX]]L30HFKOHU
5 %RXZHU /0$UQHOO 1 0DFK . 0XLU
:RRG5%UDNHQULGJH*5.URQ:%HQLWR
* +RQGD< 7DNDKDVKL . 6KHUVW\XNRY %
  )ORRG ULVN DQG FOLPDWH FKDQJH JOREDO
DQGUHJLRQDOSHUVSHFWLYHV+\GURO6FL-  
±
>@/L - -RKQVRQ ) (YDQV - DQG 6KDUPD$
 $FRPSDULVRQRIPHWKRGVWRHVWLPDWHIX
WXUHVXEGDLO\GHVLJQUDLQIDOO$GYDQFHVLQ:D
WHU5HVRXUFHV 
>@+HWWLDUDFKFKL 6 :DVNR & DQG 6KDUPD $
 ,QFUHDVHLQIORRGULVNUHVXOWLQJIURPFOL
PDWHFKDQJHLQDGHYHORSHGXUEDQZDWHUVKHG±
WKHUROHRIVWRUPWHPSRUDOSDWWHUQV+\GURORJ\
DQG(DUWK6\VWHP6FLHQFHV 
>@0DQFLQL/*DXGL6)LJOLRPHQL0,DFRELQL
99ROSL(DQG0DUFKHJJLDQL6  ([
WUHPH(YHQWVDQG+HDOWKDQ,WDOLDQ3LORW6WXG\
)UHVHQ(QYLURQ%XOO  
>@+XVVDÕQ$$OL6%HJXP6+XVVDÕQ,$OL
+  &OLPDWH&KDQJH3HUVSHFWLYHLQ0RXQ
WDLQ$UHD,PSDFWVDQG$GDSWDWLRQVLQ1DOWDU9DO
OH\:HVWHUQ+LPDOD\D3DNLVWDQ)UHVHQ(QYL
URQ%XOO  
>@6HUDQFDP8DQG'DEDQOÕø  ,QQRYDWLYH
IORZ ULVN DVVHVVPHQW ZLWK FOLPDWH FKDQJH SHU
VSHFWLYH LQ<HVLOLUPDN %DVLQ )UHVHQ (QYLURQ
%XOO  
>@<H-65H\QROGV-)0DHVWUH)7DQG  /L
)0   +\GURORJLFDO DQG HFRORJLFDO UH
VSRQVHVRIHFRV\VWHPVWRH[WUHPHSUHFLSLWDWLRQ
UHJLPHV$ WHVW RI HPSLULFDOǦEDVHG K\SRWKHVHV
ZLWKDQHFRV\VWHPPRGHO3HUVSHFW3ODQW(FRO
(YRO6\VW±
>@3RVW$..QDSS$.  7KHLPSRUWDQFH
RIH[WUHPHUDLQIDOOHYHQWVDQGWKHLUWLPLQJLQD
VHPLǦDULGJUDVVODQG-(FRO±
>@3DGLOOD)00RPPHU/&DOXZH+'6PLWǦ
7LHNVWUD$9LVVHU(3DQG.URRQ+'  
(IIHFWVRIH[WUHPHUDLQIDOOHYHQWVDUHLQGHSHQG
HQWRISODQWVSHFLHVULFKQHVVLQDQH[SHULPHQWDO
JUDVVODQGFRPPXQLW\2HFRORJLD
>@6HJDGHOOL6*UD]]LQL)$GRUQL0'H1DUGR
07)RUQDVLHUR$&KHOOL$DQG&DQWRQDWL
0  3UHGLFWLQJ([WUHPH3UHFLSLWDWLRQ(I
IHFWVRQWKH*HRPRUSKRORJ\RI6PDOO0RXQWDLQ
&DWFKPHQWV7RZDUGVDQ,PSURYHG8QGHUVWDQG
LQJRIWKH&RQVHTXHQFHVIRU)UHVKZDWHU%LRGL
YHUVLW\DQG(FRV\VWHPV:DWHU  



7KH *ULG  UHVXOWV DOVR H[KLELW JUHDWHU YDOXHV
WKDQ WKRVH RI WKH REVHUYDWLRQSHULRG UHWXUQ OHYHOV
ZKLOHUHWXUQOHYHOYDOXHVKDGVPDOOHUDPRXQWVWKDQ
WKRVHRIWKHREVHUYDWLRQSHULRGUHWXUQOHYHOVDW*ULG
IRUWKH*)'/XQGHU5&3DQG5&3+*
5&3IRUWKH%0PHWKRG*)'/XQGHU5&3DQG
5&3+*5&3DQG03,XQGHU5&3IRUWKH
327PHWKRG 


$&.12:/('*(0(176

7KLVUHVHDUFKGLGQRWUHFHLYHDQ\VSHFLILFJUDQW
IURPIXQGLQJDJHQFLHVLQWKHSXEOLFFRPPHUFLDORU
QRWIRUSURILWVHFWRUV


5()(5(1&(6

>@ ,3&&  &OLPDWHFKDQJH  7KH3K\V
LFDO 6FLHQFH %DVLV &RQWULEXWLRQ RI :RUNLQJ
*URXS , WR WKH )LIWK$VVHVVPHQW 5HSRUW RI WKH
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH
 
>@ ,3&& D &OLPDWHFKDQJH  ,PSDFWV
$GDSWDWLRQ DQG 9XOQHUDELOLW\ 3DUW $ *OREDO
DQG6HFWRUDO$VSHFWV&RQWULEXWLRQRI:RUNLQJ
*URXS,,WRWKH)LIWK$VVHVVPHQW5HSRUWRIWKH
,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH &KDQJH

>@ ,3&& E &OLPDWHFKDQJH  6\QWKH
VLV5HSRUW&RQWULEXWLRQRI:RUNLQJ*URXSV,,,
DQG,,,WRWKH)LIWK$VVHVVPHQW5HSRUWRIWKH,Q
WHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH
>@ :LOOHPV3  5HYLVLRQRI8UEDQ'UDLQDJH
'HVLJQ 5XOHV DIWHU $VVHVVPHQW RI &OLPDWH
&KDQJH ,PSDFWV RQ 3UHFLSLWDWLRQ ([WUHPHV DW
8FFOH%HOJLXP-+\GURO± 
>@ /LHZ6&5DJKDYDQ69/LRQJ6<  
+RZ WR FRQVWUXFW IXWXUH ,') FXUYHV XQGHU
FKDQJLQJ FOLPDWH IRU VLWHV ZLWK VFDUFH UDLQIDOO
UHFRUGV"+\GURO3URFHVV±
>@ 3RKO % 0DFURQ & DQG 0RQHULH 3  
)HZHUUDLQ\GD\VDQGPRUHH[WUHPHUDLQIDOOE\
WKHHQGRIWKHFHQWXU\LQ6RXWKHUQ$IULFD6FLHQ
WLILF5HSRUWV
>@ +XQWLQJWRQ7  (YLGHQFHIRULQWHQVLILFD
WLRQRIWKHJOREDOZDWHUF\FOH5HYLHZDQGV\Q
WKHVLV-RXUQDORI+\GURORJ\
>@ 6LPRQRYLF 63   )ORRGV LQ D &KDQJLQJ
&OLPDWH 5LVN 0DQDJHPHQW  &DPEULGJH
8QLYHUVLW\3UHVV&DPEULGJH8.
>@ <RRQ-+:DQJ6<6*LOOLHV55.UDYLW]
%+LSSV/DQG  5DVFK3-  ,QFUHDV
LQJZDWHUF\FOHH[WUHPHVLQ&DOLIRUQLDDQGLQUH
ODWLRQ WR (162 F\FOH XQGHU JOREDO ZDUPLQJ
1DWXUH&RPPXQLFDWLRQV  $UWLFOH,'
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>@0DQQ+%  1RQSDUDPHWULFWHVWVDJDLQVW
WUHQG(FRQRPHWULFD
>@.HQGDOO 0*   5DQN &RUUHODWLRQ 0HWK
RGVWKHG&KDUOHV*ULIILQ/RQGRQ8.
>@*LOEHUW52  6WDWLVWLFDO0HWKRGVIRU(Q
YLURQPHQWDO 3ROOXWLRQ 0RQLWRULQJ :LOH\ 1HZ
<RUN1<86$ SS 
>@:DQJ</LX**XR(  6SDWLDOGLVWUL
EXWLRQDQGWHPSRUDOYDULDWLRQRIGURXJKWLQ,Q
QHU0RQJROLDGXULQJ±XVLQJVWDQGDUG
L]HGSUHFLSLWDWLRQHYDSRWUDQVSLUDWLRQLQGH[6FL
7RWDO(QYLURQ±
>@0LOLWLQR$0RUDGL0DQG8JDUWH0  
2Q WKH 3HUIRUPDQFHV RI 7UHQG DQG &KDQJH
3RLQW 'HWHFWLRQ 0HWKRGV IRU 5HPRWH 6HQVLQJ
'DWD5HPRWH6HQVLQJ  
>@$KPDG,7DQJ':DQJ7:DQJ0DQG
:DJDQ %   3UHFLSLWDWLRQ 7UHQGV RYHU
7LPH8VLQJ0DQQ.HQGDOODQG6SHDUPDQ¶VUKR
7HVWVLQ6ZDW5LYHU%DVLQ3DNLVWDQ$GYDQFHV
LQ0HWHRURORJ\ 
>@&KHQ < *XDQ < 6KDR * DQG =KDQJ '
 ,QYHVWLJDWLQJ7UHQGVLQ6WUHDPIORZDQG
3UHFLSLWDWLRQ LQ +XDQJIXFKXDQ %DVLQ ZLWK
:DYHOHW$QDO\VLV DQG WKH 0DQQ.HQGDOO 7HVW
:DWHU 
>@=KDQJ ; <DQJ )   5&OLP'H[  
8VHU*XLGH&OLPDWH5HVHDUFK%UDQFK(QYLURQ
PHQW&DQDGD2WWDZDRQ&DQDGD SS 
>@7DQN$.3HWHUVRQ74XDGLU''RUML6
=RX ; 7DQJ + 6DQWKRVK . -RVKL 8
-DVZDO$.ROOL5.6LNGHU$'HVKSDQGH
15HYDGHNDU-9<HOHXRYD.9DQGDVKHYD
6)DOH\HYD0*RPEROXXGHY3%XGKDWKRNL
. +XVVDLQ $ $I]DDO 0 &KDQGUDSDOD /
$QYDU + $PDQPXUDG ' $VDQRYD 96
-RQHV31HZ0DQG6SHNWRUPDQ7  
&KDQJHVLQGDLO\WHPSHUDWXUHDQGSUHFLSLWDWLRQ
H[WUHPHV LQ FHQWUDO DQG VRXWK$VLD -RXUQDO RI
*HRSK\VLFDO5HVHDUFK   
>@.OHLQ 7DQN$0* =ZLHUV ): =KDQJ ;
 *XLGHOLQHVRQDQDO\VLVRIH[WUHPHVLQD
FKDQJLQJ FOLPDWH LQ VXSSRUW RI LQIRUPHG GHFL
VLRQVIRUDGDSWDWLRQ&OLPDWHGDWDDQGPRQLWRU
LQJ:&'031R:027'1R
>@8PEULFKW$)XNXWRPH6/LQLJHU0$)UHL
&DQG$SSHQ]HOOHU&  6HDVRQDOYDULD
WLRQ RI GDLO\ H[WUHPH SUHFLSLWDWLRQ LQ 6ZLW]HU
ODQG6FLHQWLILF5HSRUW0HWHR6ZLVV
>@&ROOHW / %HHYHUV / DQG 3UXGKRPPH &
 $VVHVVLQJWKHLPSDFWRI&OLPDWH&KDQJH
DQG([WUHPH9DOXHXQFHUWDLQW\WRH[WUHPHIORZV
DFURVV*UHDW%ULWDLQ:DWHU
>@&ROHV6DQG6SDUNV5  ([WUHPHYDOXH
PHWKRGVIRUPRGHOOLQJKLVWRULFDOVHULHVRIODUJH
YROFDQLFPDJQLWXGHV,Q0DGHU+0&ROHV
6*&RQQRU&%DQG&RQQRU/- HGV 6WD
WLVWLFV LQ 9ROFDQRORJ\ 6SHFLDO 3XEOLFDWLRQV RI
,$9&(,*HRORJLFDO6RFLHW\/RQGRQ


>@.HJJHQKRII,(OL]EDUDVKYLOL0$PLUL)DUD
KDQL$ DQG .LQJ /   7UHQGV LQ GDLO\
WHPSHUDWXUH DQG SUHFLSLWDWLRQ H[WUHPHV RYHU
*HRUJLD ±  :HDWKHU DQG &OLPDWH
([WUHPHV 
>@0\KUH * $OWHUVNM U . 6WMHUQ &: +RG
QHEURJ0DUHOOH/6DPVHW%+6LOOPDQQ
-6FKDOOHU1)LVFKHU(6FKXO]06WRKO$
  )UHTXHQF\ RI H[WUHPH SUHFLSLWDWLRQ LQ
FUHDVHV H[WHQVLYHO\ ZLWK HYHQW UDUHQHVV XQGHU
JOREDOZDUPLQJ6FL5HS
>@$WWRJRXLQRQ $ /DZLQ $ 0¶3R < DQG
+RXQJXq5  ([WUHPH3UHFLSLWDWLRQ,QGL
FHV 7UHQG$VVHVVPHQW RYHU WKH 8SSHU 2XHPH
5LYHU9DOOH\ %HQLQ +\GURORJ\
>@<LOPD] $*   7KH HIIHFWV RI FOLPDWH
FKDQJHRQKLVWRULFDODQGIXWXUHH[WUHPHUDLQIDOO
LQ$QWDO\D 7XUNH\ +\GURO 6FL -  ±

>@1LJXVVLH7$$OWXQND\QDN$  ,PSDFWV
RIFOLPDWHFKDQJHRQWKHWUHQGVRIH[WUHPHUDLQ
IDOO LQGLFHV DQG YDOXHV RI PD[LPXP SUHFLSLWD
WLRQ DW 2OLPSL\DW 6WDWLRQ ,VWDQEXO 7XUNH\
7KHRU$SSO&OLPDWRO±
>@+DUSD *9 &URLWRUX $( 'MXUGMHYLF 9
+RUYDWK &   )XWXUH FKDQJHV LQ ILYH H[
WUHPH SUHFLSLWDWLRQ LQGLFHV LQ WKH ORZODQGV RI
5RPDQLD,QW-&OLPDWRO±
>@$EEDVQLD07RURV+  7UHQGDQDO\VLV
RIZHDWKHUH[WUHPHVDFURVVWKHFRDVWDODQGQRQ
FRDVWDODUHDV FDVHVWXG\7XUNH\ -(DUWK6\VW
6FL
>@0*0 7XUNLVK 6WDWH 0HWHRURORJLFDO 6HUYLFH 
 6WDWHRIWKH&OLPDWHLQ7XUNH\LQ
5HSXEOLFRI7XUNH\WKHPLQLVWU\RIIRUHVWU\DQG
ZDWHUDIIDLUV6WDWH0HWHRURORJLFDO6HUYLFH
>@0*0 7XUNLVK 6WDWH 0HWHRURORJLFDO 6HUYLFH 
  'LVDVWHU DQG GDPDJH UHSRUW RI$QNDUD
6XSSOHPHQWDU\GRFXPHQWRIRIILFLDOOHWWHU7XUN
LVKVWDWHPHWHRURORJLFDOVHUYLFH$QNDUD
>@*RYHUQRUDWH RI$QNDUD   3RSXODWLRQ DQG
$GPLQLVWUDWLYH 6WDWXV >RQOLQH@ $YDLODEOH DW
KWWSZZZDQNDUDJRYWUQXIXVYHLGDULGXUXP
>$FFHVVHG'HFHPEHU@
>@<DO*3DQG$NJQ+  /DQGILOOVLWH
VHOHFWLRQ DQG ODQGILOO OLQHU GHVLJQ IRU$QNDUD
7XUNH\(QYLURQ(DUWK6FL
>@%DWXPDQ%  &LW\SURILOH$QNDUD&LWLHV
±
>@6HQVR\67XUNRJOX1&LFHN,'HPLUFDQ0
$UDEDFÕ+%|ON(  8UEDQL]DWLRQ(I
IHFWRQ7UHQGVRI([WUHPH7HPSHUDWXUH,QGLFHV
LQ $QNDUD ,Q 3URFHHGLQJV RI WKH WK $WPRV
SKHULF 6FLHQFH 6\PSRVLXP øVWDQEXO 7XUNH\
±$SU
>@0*0 7XUNLVK 6WDWH 0HWHRURORJLFDO 6HUYLFH 
 'DLO\SUHFLSLWDWLRQSURMHFWLRQVRI$QNDUD
 6XSSOHPHQWDU\GRFXPHQWRIRIIL
FLDOOHWWHU7XUNLVKVWDWHPHWHRURORJLFDOVHUYLFH
$QNDUD
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>@/D]RJORX *$QDJQRVWRSRXORX &  $Q
RYHUYLHZRIVWDWLVWLFDOPHWKRGVIRUVWXG\LQJWKH
H[WUHPH5DLQIDOOVLQPHGLWHUUDQHDQ,Q3URFHHG
LQJVRIQGLQWHUQDWLRQDOHOHFWURQLFFRQIHUHQFH
RQDWPRVSKHULFVFLHQFHV$ULVWRWOH8QLYHUVLW\RI
7KHVVDORQLNL7KHVVDORQLNL*UHHFH
>@&ROHV 6  $Q ,QWURGXFWLRQ WR 6WDWLVWLFDO
0RGHOLQJ RI ([WUHPH9DOXHV 6SULQJHU /RQGRQ
8.
>@6FDUURWW & DQG 0DF'RQDOG$  $ UH
YLHZRIH[WUHPHYDOXHWKUHVKROGHVWLPDWLRQDQG
XQFHUWDLQW\ TXDQWLILFDWLRQ 5HYVWDW 6WDWLVWLFDO
-RXUQDO
>@'H\$. DQG 'DV .   0RGHOLQJ ([
WUHPH+XUULFDQH'DPDJH8VLQJWKH*HQHUDOL]HG
3DUHWR'LVWULEXWLRQ$PHULFDQ-RXUQDORI0DWK
HPDWLFDODQG0DQDJHPHQW6FLHQFHV
>@5\GPDQ 0  $SSOLFDWLRQ RI WKH 3HDNV
2YHU7KUHVKROG 0HWKRG RQ ,QVXUDQFH 'DWD
8SSVDOD 8QLYHUVLWHW 88'0 3URMHFW 5HSRUW
8SSVDOD6ZHGHQ9ROXPH
>@<LOPD]$*+RVVDLQ,DQG3HUHUD%  
(IIHFWRIFOLPDWHFKDQJHDQGYDULDELOLW\RQH[
WUHPH UDLQIDOO LQWHQVLW\±IUHTXHQF\±GXUDWLRQ UH
ODWLRQVKLSVDFDVHVWXG\RI0HOERXUQH+\GURO
RJ\DQG(DUWK6\VWHP6FLHQFHV
>@)DU66DQG:DKDE$$  (YDOXDWLRQRI
3HDNV2YHU7KUHVKROG 0HWKRG2FHDQ 6FLHQFH
'LVFXVVLRQV 
>@5DJQR ( $JKDNRXFKDN $ &KHQJ / DQG
6DGHJK0  $JHQHUDOL]HGIUDPHZRUNIRU
SURFHVVLQIRUPHG QRQVWDWLRQDU\ H[WUHPH YDOXH
DQDO\VLV $GYDQFHV LQ :DWHU 5HVRXUFHV 

>@$JLODQ98PDPDKHVK19DQG0XMXPGDU
33  ,QIOXHQFHRIWKUHVKROGVHOHFWLRQLQ
PRGHOLQJ SHDNV RYHU WKUHVKROG EDVHG QRQVWD
WLRQDU\ H[WUHPH UDLQIDOO VHULHV -RXUQDO RI +\
GURORJ\$UWLFOH,'
>@.DUDWKDQDVL ) 6RXNLVVLDQ 7+ DQG %HOL
EDVVDNLV.  'LUHFWLRQDO ([WUHPH9DOXH
0RGHOV LQ :DYH (QHUJ\ $SSOLFDWLRQV   



















                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ



5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

6HUWDF2UXF 
&LYLO(QJLQHHULQJ3URJUDP 
.ÕUúHKLU$KL(YUDQ8QLYHUVLW\ 
.LUVHKLU±7XUNH\

HPDLO  VHUWDFRUXF#DKLHYUDQHGXWU 
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6,08/$7,21$1$/<6,621(1*,1((5,1* 
'()250$7,212))281'$7,213,7,12))6+25(
08''<675$780

&KXQ[LD;LH 0LDR=KDQJ





6LFKXDQ&ROOHJHRI$UFKLWHFWXUDO7HFKQRORJ\'HSDUWPHQWRI&LYLO(QJLQHHULQJ&KHQJGX6LFKXDQ&KLQD
6LFKXDQ&ROOHJHRI$UFKLWHFWXUDO7HFKQRORJ\'HSDUWPHQWRI7UDQVSRUW$QG0XQLFLSDO(QJLQHHULQJ&KHQJGX6LFKXDQ&KLQD



$%675$&7

,Q RUGHU WR VWXG\ WKH GHIRUPDWLRQ FKDUDFWHULV
WLFV RI WKH VXUURXQGLQJ VWUDWXP DQG WKH DX[LOLDU\
VWUXFWXUHRIWKHIRXQGDWLRQSLWGXULQJWKHH[FDYDWLRQ
RIWKHRIIVKRUHVLOWVRLOOD\HUDQHZVXEZD\IRXQGD
WLRQSLWLQDFRDVWDODUHDLVXVHGDVWKHHQJLQHHULQJ
EDFNJURXQGDQGWKHVLJPDZPRGXOHRIJHRVWXGLRLV
XVHGWRDQDO\]HWKHIRXQGDWLRQSLWGXULQJWKHH[FDYD
WLRQSURFHVV7KHVWUHVVILHOGDQGVHHSDJHILHOGRIWKH
VXUURXQGLQJVRLOWKHVHWWOHPHQWODZRIWKHVXUURXQG
LQJ VWUDWXP WKH GHIRUPDWLRQ FKDUDFWHULVWLFV RI WKH
VXUIDFHRIWKHIRXQGDWLRQSLWDQGWKHODWHUDOGHIRU
PDWLRQRIWKHFDVWLQSODFHSLOHVXSSRUWLQJVWUXFWXUH
DUHDQDO\]HG7KHFDOFXODWLRQUHVXOWVVKRZWKDWDIWHU
WKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWLVFRPSOHWHGWKH
VWUHVVILHOGRIWKHVRLODZD\IURPWKHIRXQGDWLRQSLW
LVDOPRVWXQFKDQJHGWKHVWUHVVFRQWRXUVDURXQGWKH
FDVWLQSODFHSLOHDUHGHQVHO\GLVWULEXWHGDQGVWUHVV
FRQFHQWUDWLRQPD\RFFXUDWWKLVSODFH'XULQJWKHH[
FDYDWLRQRIWKHIRXQGDWLRQSLWWKHJURXQGZDWHURXW
VLGHWKHSLWFRQWLQXRXVO\SRXUVLQWRWKHSLWWKHSRUH
ZDWHU SUHVVXUH RI WKH VRLO DURXQG WKH FDVWLQSODFH
SLOHFRQWLQXHVWRGHFUHDVHDQGWKHORZHVWPRQLWRULQJ
SRLQWGHFUHDVHVE\IURPWKHLQLWLDOSRUHSUHVVXUH
'XULQJWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWWKHVXU
URXQGLQJVXUIDFHVRLOVKRZVD8VKDSHGVHWWOHPHQW
DQGWKHPD[LPXPVHWWOHPHQWSRVLWLRQLVDERXWP
IURP WKH VLGHOLQH RI WKH IRXQGDWLRQ SLW UHDFKLQJ
FP7KHODWHUDOGLVSODFHPHQWRIWKHFDVWLQSODFH
SLOHLVJHQHUDOO\GLVWULEXWHGLQDERZVKDSH:LWK
WKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWWKHPD[LPXP
ODWHUDO GLVSODFHPHQW FRQWLQXHV WR PRYH GRZQZDUG
EXW WKH PD[LPXP YDOXH UHPDLQV UHODWLYHO\ VWDEOH
DERXWP7KHYHUWLFDOGLVSODFHPHQWRIWKHERW
WRP VXUIDFH RI WKH IRXQGDWLRQ SLW FRQWLQXHV WR LQ
FUHDVHZLWKWKHSURJUHVVRIWKHH[FDYDWLRQVKRZLQJ
DQ LQYHUWHG XVKDSHG GLVWULEXWLRQ 7KH PD[LPXP
GLVSODFHPHQWLVDERXWWKHFHQWHURIWKHERWWRPRIWKH
IRXQGDWLRQSLWDQGWKHPD[LPXPLVDERXWP7KLV
VWXG\FDQSURYLGHDUHIHUHQFHIRUWKHGHVLJQDQGFRQ
VWUXFWLRQSODQRIRIIVKRUHVLOWVRLOIRXQGDWLRQSLWH[
FDYDWLRQ





.(<:25'6
6LOWVRLOOD\HUIRXQGDWLRQSLWH[FDYDWLRQGHIRUPDWLRQVXU
IDFHVHWWOHPHQWODWHUDOGLVSODFHPHQWQXPHULFDOVLPXODWLRQ



,1752'8&7,21

:LWK WKH UDSLG GHYHORSPHQW RI WKH HFRQRP\
DQGWKHFRQWLQXRXVDGYDQFHPHQWRIXUEDQFRQVWUXF
WLRQLQ&KLQDPRUHDQGPRUHSHRSOHKDYHIORRGHG
LQWRODUJHDQGPHGLXPVL]HGFRDVWDOFLWLHVZKLFKLQ
HYLWDEO\FDXVHGDVHULHVRISUREOHPVVXFKDVWUDIILF
MDPVDQGHQYLURQPHQWDOSROOXWLRQ$VDQHFRQRPLFDO
FRQYHQLHQWDQGIDVWPHDQVRIWUDQVSRUWDWLRQWKHVXE
ZD\ FDQ HIIHFWLYHO\ FKDQQHO JURXQG WUDQVSRUWDWLRQ
DQGLPSURYHFRPPXWLQJHIILFLHQF\ZKLFKLVGHHSO\
ORYHGE\WKHSHRSOH7KHUHIRUHLQUHFHQW\HDUVODUJH
DQGPHGLXPVL]HGFRDVWDOFLWLHVKDYHVHWRIIDERRP
LQ VXEZD\ FRQVWUXFWLRQ >@ 7KH FRQVWUXFWLRQ RI
VXEZD\VLQFRDVWDODUHDVZLOOLQHYLWDEO\LQYROYHH[
FDYDWLRQ RI IRXQGDWLRQ SLWV DQG RWKHU IRXQGDWLRQ
ZRUNV'XULQJWKHH[FDYDWLRQDQGFRQVWUXFWLRQRIWKH
IRXQGDWLRQ SLW GXH WR WHFKQLFDO RU RSHUDWLRQDO UHD
VRQVZDWHULQUXVKZDWHUJXVKLQJDQGVHWWOHPHQWRI
WKHVXUURXQGLQJURDGVXUIDFHRIWHQRFFXUZKLFKPD\
FDXVHVHULRXVGLVDVWHUVVXFKDVWKHVXUURXQGLQJURDG
VXUIDFH FROODSVH DQG KXJH GDPDJH WR WKH OLYHV DQG
SURSHUW\RIWKHSHRSOH7KHVLOWVRLOOD\HULVGLVWULE
XWHGLQDODUJHDUHDLQWKHRIIVKRUHDUHDZKLFKLVD
W\SLFDO VRIW FOD\ ,W RIWHQ KDV WKH FKDUDFWHULVWLFV RI
KLJK FRPSUHVVLELOLW\ ORZ SHUPHDELOLW\ KLJK ZDWHU
FRQWHQWDQGORZVWUHQJWK7KHUHIRUHLWLVRIWHQIDFHG
ZLWK FRPSDUDWLYH SUREOHPV LQ IRXQGDWLRQ SLW H[FD
YDWLRQ7KHPRUHFRPSOH[FRQVWUXFWLRQHQYLURQPHQW
RI JHQHUDO HQJLQHHULQJ DOVR KDV KLJK UHTXLUHPHQWV
IRUJHRORJLFDOVXUYH\>@
7KHSURFHVVRIH[FDYDWLQJDIRXQGDWLRQSLWRQ
VRIWVRLOLVWKDWWKHVRLOLQWKHSLWLVFRQWLQXRXVO\UH
PRYHG'XHWRWKHXQORDGLQJHIIHFWRIWKHVRLOWKH
LQLWLDOVWUHVVILHOGEDODQFHEHWZHHQWKHIRXQGDWLRQSLW
UHWDLQLQJVWUXFWXUHDQGWKHVXUURXQGLQJVRLOLVEURNHQ
'XULQJWKHH[FDYDWLRQSURFHVVWKHVWUHVVILHOGDOVR
FKDQJHV FRQWLQXRXVO\7KHUHIRUH DQDO\]LQJ WKH GH
IRUPDWLRQFKDUDFWHULVWLFVRIWKHIRXQGDWLRQSLWUHWDLQ
LQJVWUXFWXUHDQGWKHVHWWOHPHQWODZRIWKHVXUURXQG
LQJVRLOFDQSURYLGHDUHOLDEOHEDVLVIRUWKHGHVLJQRI
WKH IRXQGDWLRQ SLW VFKHPH DQG WKH IRUPXODWLRQ RI
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FRQVWUXFWLRQPHWKRGV>@=KRXHWDO>@XVHG
DVRIWJURXQGIRXQGDWLRQSLWDVWKHHQJLQHHULQJEDFN
JURXQGDQGDQDO\]HGWKHWLPHVSDFHHIIHFWGXULQJWKH
H[FDYDWLRQRIWKHIRXQGDWLRQSLW7KHUHVXOWVVKRZHG
WKDW WKH ORQJ SLW HIIHFW DQG WKH FRUQHU HIIHFW LQ WKH
H[FDYDWLRQ RI WKH IRXQGDWLRQ SLW DUH REYLRXV 7KH
PLGGOHSDUWRIWKHHQFORVXUHVWUXFWXUHKDVWKHPD[L
PXP ODWHUDO GLVSODFHPHQW /LX -LDQTLDQJ>@XVHG
QXPHULFDO VLPXODWLRQ WR VLPXODWH WKH FRQVWUXFWLRQ
SURFHVVRIDFHUWDLQVXEZD\IRXQGDWLRQSLWLQ6KHQ
]KHQDQGWKHUHVXOWVVKRZHGWKDWWKHLPSDFWUDQJHRI
IRXQGDWLRQ SLW H[FDYDWLRQ ZDV ZLWKLQ P DURXQG
WKHIRXQGDWLRQSLWDQGVHWWOHPHQWWURXJKVDSSHDUHG
LQ WKH VRLO DURXQG WKH IRXQGDWLRQ SLW DERXW 
DZD\ IURP WKH IRXQGDWLRQ SLW /X HW DO >@ FRQ
GXFWHGDVHQVLWLYLW\DQDO\VLVRQSDUDPHWHUVVXFKDV
WKHW\SHVSLOHOHQJWKDQGSLOHVSDFLQJRIWKHVXSSRUW
LQJSLOHVLQWKHVLOWVRLOOD\HU=KDRHWDO>@HWDO
XVHGWKHIRXQGDWLRQSLWRI6KHQ]KHQ0HWUR/LQHDV
WKHEDFNJURXQGDQGXVHGLQFOLQRPHWHUVOHYHOJDXJHV
DQG IUHTXHQF\ UHFHLYHUV WR PRQLWRU WKH KRUL]RQWDO
GLVSODFHPHQW RI WKH IRXQGDWLRQ SLW WKH VHWWOHPHQW
GLVSODFHPHQWRIVXUURXQGLQJEXLOGLQJVDQGWKHD[LDO
IRUFH RI VXSSRUWLQJ PHPEHUV 7KH\ IRXQG WKDW WKH
ZDOOGLVSODFHPHQWXQGHUJURXQGZDVGLVWULEXWHGLQD
ERZVKDSHDORQJWKHHOHYDWLRQGLUHFWLRQDQGWKHVHW
WOHPHQWRIWKHVXUURXQGLQJEXLOGLQJVZDVSRVLWLYHO\
FRUUHODWHGZLWKWKHH[FDYDWLRQGHSWKRIWKHIRXQGD
WLRQSLW6XUDSDUEHWDO>@SXWIRUZDUGWKHSODVWLF
VROXWLRQRIQRQFRKHVLYHVRLOXQGHUXQGUDLQHGFRQ
GLWLRQVWKURXJKWKHILQLWHHOHPHQWPHWKRGDQGDWWKH
VDPHWLPHFDUULHGRXWWKHSDUDPHWHUL]DWLRQVWXG\RI
H[FDYDWLRQKHLJKWUDWLRDQGVORSH
%DVHG RQ WKH HQJLQHHULQJ EDFNJURXQG RI D
QHZO\EXLOWVXEZD\IRXQGDWLRQSLWLQDFRDVWDODUHD
WKLVSDSHUXVHVJHRVWXGLRQXPHULFDOVLPXODWLRQVRIW
ZDUHWRQXPHULFDOO\VLPXODWHWKHH[FDYDWLRQSURFHVV
RI WKH VLOW VWUDWXP IRXQGDWLRQ SLW DQG DQDO\]H WKH
VWUHVVILHOGVHHSDJHILHOGDQGVXUURXQGLQJVWUDWDWKH
VHWWOHPHQWODZRIWKHIRXQGDWLRQSLWWKHGHIRUPDWLRQ
FKDUDFWHULVWLFVRIWKHIRXQGDWLRQSLWVXUIDFHDQGWKH
ODWHUDOGHIRUPDWLRQRIWKHFDVWLQSODFHSLOHVXSSRUW
LQJVWUXFWXUHGXULQJWKHH[FDYDWLRQRIWKHIRXQGDWLRQ
SLWZKLFKSURYLGHVDUHIHUHQFHIRUIRXQGDWLRQSLWH[
FDYDWLRQSURMHFWVVLPLODUWRVRLOOD\HUV


0$7(5,$/6$1'0(7+2'6

6DWXUDWHGXQVDWXUDWHGVHHSDJHWKHRU\'XU
LQJWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWWKHJURXQG
ZDWHUDURXQGWKHIRXQGDWLRQSLWFRQWLQXRXVO\VHHSV
LQWRWKHERWWRPRIWKHIRXQGDWLRQSLWDQGWKHWZR
GLPHQVLRQDO VDWXUDWHGXQVDWXUDWHG VHHSDJH FRQWURO
HTXDWLRQLVDVIROORZV>@

^ `

F V  ^k `

^ `

P V  ^m`

                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

w § wh · w § wh ·
wh

¨ k x ¸  ¨¨ k y ¸¸  Q mw U w
wx © wx ¹ wy © wy ¹
wt
:KHUH k x  DQG k y  DUH WKH SHUPHDELOLW\ FRHIIL
FLHQWVRIWKHVRLOLQWKHKRUL]RQWDODQGYHUWLFDOGLUHF
WLRQV UHVSHFWLYHO\
IORZ

Q  LV WKH LPSRVHG ERXQGDU\

U w  LVWKHZDWHUGHQVLW\ mw  LVWKHVSHFLILF

ZDWHUGHQVLW\ t  LVWKHWLPH

5HYLVHG &DPEULGJH 0RGHO 7KH PRGLILHG
&DPEULGJH PRGHO DGRSWV WKH MRLQW IORZ FULWHULRQ
ZKLFKPHDQVWKDWWKH\LHOGIXQFWLRQ)DQGWKHSRWHQ
WLDO IXQFWLRQ 3 DUH WKH VDPH >@ 7KH IXQFWLRQ
HTXDWLRQLVIRUPXODDERYH
:KHUHLVWKHHTXLYDOHQWLVRWURSLFSUHFRQVROLGD
WLRQVWUHVVZKLFKLVXVHGWRGHILQHWKHVL]HRIWKHFXU
UHQW\LHOGWUDMHFWRU\WKHKDUGHQLQJSDUDPHWHUN PLV
DOVRGHILQHG7KHVORSHRIWKHFULWLFDOVWDWHOLQHRIWKH
VWUHVVVSDFH0LVDVIROORZV

M

 VLQ )
  
  VLQ )
:KHUH )  LVWKHIULFWLRQDQJOHRIWKHWHPSR

UDU\VWDWH

3LOHVRLOLQWHUIDFH,QRUGHUWRSUHYHQWWKHVHHS
DJH ZDWHU IURP SDVVLQJ WKURXJK WKH XQGHUJURXQG
FRQWLQXRXVZDOOLWLVQHFHVVDU\WRJLYHDFRQWDFWVXU
IDFH XQLW ZLWK D VSHFLDO FRQWDFW VXUIDFH PDWHULDO
DORQJWKHXQGHUJURXQGFRQWLQXRXVZDOO7KHVLPSOHVW
ZD\WRDSSO\LVWRPDNHWKHWRWDOVWUHVVPDWHULDOEH
FRPHWKHFRQWDFWVXUIDFHPDWHULDO,QWKHFDOFXODWLRQ
SURFHVV WKH WRWDO VWUHVV PDWHULDO GRHV QRW FRQVLGHU
WKHSRUHZDWHUSUHVVXUHWKDWLVQRVHHSDJHFRQWLQX
LW\HTXDWLRQLVIRUPHGDWWKHHOHPHQWQRGHVDQGWKHUH
LVRQO\WKHWRWDOVWUHVVPDWHULDODWWKHHOHPHQWQRGHV
ZKLFKSUHYHQWVVHHSDJHIORZWKURXJKWKHFRQWDFWVXU
IDFH


5(68/76 

&DOFXODWLRQPRGHODQGERXQGDU\FRQGLWLRQV
7KHIRXQGDWLRQVRLORIDQHZO\EXLOWVXEZD\VWDWLRQ
LQDFRDVWDODUHDLVPDLQO\VLOW\VRLO7KHH[FDYDWLRQ
OHQJWKRIWKHIRXQGDWLRQSLWLVPDQGWKHH[FDYD
WLRQGHSWKLVP7KHH[FDYDWLRQLVFDUULHGRXWLQ
VWHSV7KHILUVWVWHSLVWRH[FDYDWHWRPXQGHUJURXQG
WKHVHFRQGVWHSWRH[FDYDWHWRPXQGHUJURXQGWKH
WKLUG VWHS WR H[FDYDWH WR P XQGHUJURXQG WKH
IRXUWKVWHSWRH[FDYDWHWRPXQGHUJURXQGWKH 



§ q · § p ·
¨¨
¸¸  ¨¨  ¸¸                               
p
M
©
¹ ©p
¹
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6RLO SDUDPHWHUV 7KH FRQVWLWXWLYH PRGHO RI
RIIVKRUH VLOW IRUPDWLRQ VHOHFWV WKH PRGLILHG &DP
EULGJHPRGHO FRXSOLQJSRUHZDWHUSUHVVXUHFKDQJH 
LQ JHRVWXGLR $FFRUGLQJ WR WKH JHRWHFKQLFDO HQJL
QHHULQJVXUYH\UHSRUWWKHSK\VLFDODQGPHFKDQLFDO
SDUDPHWHUVRIHDFKVRLOOD\HUDUHVKRZQLQ7DEOH
DQG7DEOH
,QWKHJHRVWXGLRQXPHULFDOVLPXODWLRQWKHFDVW
LQSODFH SLOH DGRSWV VWUXFWXUDO EHDP HOHPHQWV DQG
WKHVWHHOVXSSRUWVDGRSWVWUXFWXUDOURGHOHPHQWV7KH
PDLQPHFKDQLFDOSDUDPHWHUVDUHVKRZQEHORZ

&DOFXODWLRQ VWHSV   &DOFXODWLRQ RI LQLWLDO
JURXQG VWUHVV   &DOFXODWLRQ RI DGGLWLRQDO JURXQG
VWUHVV EHIRUH H[FDYDWLRQ RI WKH IRXQGDWLRQ SLW  
6WHHOVXSSRUWDIWHUWKHFDOFXODWLRQRIWKHILUVWVWHSRI
H[FDYDWLRQLVFRPSOHWHG  6WHHOVXSSRUWDIWHUWKH
FDOFXODWLRQRIWKHVHFRQGVWHSRIH[FDYDWLRQLVFRP
SOHWHG  6WHHOVXSSRUWDIWHUWKHFDOFXODWLRQRIWKH 
WKLUGVWHSH[FDYDWLRQLVFRPSOHWHG  6WHHOVXSSRUW
DIWHUWKHFDOFXODWLRQDIWHUWKHIRXUWKVWHSH[FDYDWLRQ
LVFRPSOHWHG  6WHHOVXSSRUWDIWHUWKHILIWKVWHSH[
FDYDWLRQ LV FRPSOHWHG   6WHHO VXSSRUW DIWHU WKH
VL[WK VWHS H[FDYDWLRQ FDOFXODWLRQ LV FRPSOHWHG  
([FDYDWLRQLQWKHVHYHQWKVWHS

ILIWK VWHS WR H[FDYDWH WR P XQGHUJURXQG WKH
VL[WKVWHSWRH[FDYDWHWRPXQGHUJURXQGDQGWKH
VHYHQWKVWHSH[FDYDWHVWRPXQGHUJURXQG'XULQJ
HDFK VWHS RI H[FDYDWLRQ WKH IRXQGDWLRQ SLW LV VXS
SRUWHGE\VWHHODQGDWRWDORIVWHHOVXSSRUWVDUHVHW
%HIRUHWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWFDVWLQ
SODFHSLOHVZLWKDGLDPHWHURIPDSLOHVSDFLQJRI
DQGDOHQJWKRIPZHUHGULYHQLQWRWKHOHIWDQG
ULJKW VLGHVRI WKH IRXQGDWLRQSLW )RUUHVHDUFK FRQ
YHQLHQFHDPRQLWRULQJSRLQWLVVHWHYHU\PDORQJ
WKHKHLJKWRIWKHFDVWLQSODFHSLOH
7KHPRGHOVL]HRIWKHIRXQGDWLRQSLWLVVKRZQ
LQ)LJXUH6LQFHWKHIRXQGDWLRQSLWLVV\PPHWULFDOO\
GLVWULEXWHGDORQJWKHFHQWUDOD[LVKDOIRIWKHHQWLUH
PRGHOLVWDNHQIRUDQDO\VLV7KHPRGHOLVPORQJ
PKLJKDQGKDVDJOREDOHOHPHQWVL]HRIP,WLV
GLYLGHGLQWRQRGHVDQGHOHPHQWV
%RXQGDU\FRQGLWLRQVZHDSSO\[DQG\GLUHF
WLRQ GLVSODFHPHQW FRQVWUDLQWV WR WKH OHIW DQG ORZHU
ERXQGDULHVRIWKHPRGHODSSO\[GLUHFWLRQGLVSODFH
PHQWFRQVWUDLQWVWRWKHULJKWERXQGDU\RIWKHPRGHO
DQGDSSO\QRFRQVWUDLQWVWRWKHXSSHUERXQGDU\RIWKH
PRGHO;DQG\GLVSODFHPHQWFRQVWUDLQWVDUHDSSOLHG
WRWKHULJKWHQGRIWKHVWHHOVXSSRUW





),*85(
0RGHORIIRXQGDWLRQSLW

7$%/(
3K\VLFDODQGPHFKDQLFDOSDUDPHWHUVRIVRLO
6RLOQDPH
7RSVRLO
8SSHUVLOWFOD\
0LGGOHVLOWFOD\
0HGLXPGHQVH
FOD\H\VDQG
6XSHUGHQVH
FOD\VDQG

7KLFNQHVV
P

(IIHFWLYHHODV
WLFPRGXOXV
.3D 

3RLV
VRQ¶V
UDWLR

&RKHVLRQ
.3D 

















,QWHUQDO
IULFWLRQDO
DQJOH































1DWXUDOGHQVLW\
NJPñ 
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1DPH
6WHHOVXSSRUW
&DVWLQSODFHSLOH



                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
6WUXFWXUDOXQLWSDUDPHWHUV
&URVVVHFWLRQDO
(ODVWLFPRGXOXV
03D 
DUHD  






8QLW
ZHLJKW NJPñ 

3RLVVRQ VUD
WLR Ȟ 









),*85(
,QLWLDOVWUHVVILHOGGLDJUDP



1RWHV D &ORXGGLDJUDPRILQLWLDOVWUHVVILHOG E ,QLWLDOVWUHVVGLDJUDPRIPRQLWRULQJSRLQW



),*85(
&ORXGGLDJUDPRIWRWDOVWUHVVDIWHUH[FDYDWLRQ



1RWHV D &ORXGPDSRIWRWDOVWUHVVLQ[GLUHFWLRQ E &ORXGPDSRIWRWDOVWUHVVLQ\GLUHFWLRQ


,QLWLDOVWUHVVFDOFXODWLRQ,WFDQEHVHHQIURP
)LJXUHWKDWEHIRUHWKHH[FDYDWLRQRIWKHIRXQGDWLRQ
SLWWKHLQLWLDOVWUHVVRIWKHJURXQGVRLOLQFUHDVHVOLQ
HDUO\ IURP WRS WR ERWWRP )LJXUH E VKRZV WKH
FKDQJHFXUYHEHWZHHQWKHHOHYDWLRQRIWKHPRQLWRU
LQJSRLQWDQGWKHWRWDOVWUHVVRQWKHFDVWLQSODFHSLOH
,WFDQEHVHHQWKDWWKHKRUL]RQWDOVWUHVVRIWKHPRQL
WRULQJSRLQWLQFUHDVHVE\PDORQJWKHHOHYDWLRQDQG
GHFUHDVHV E\ N3D7KH YHUWLFDO VWUHVV LQFUHDVHV
E\PDORQJWKHHOHYDWLRQDQGGHFUHDVHVE\N3D
(YHU\PRIIRXQGDWLRQVRLOLVHTXLYDOHQWWRDYHUWL
FDOVWUHVVRIN3D$WWKLVWLPHWKHVXUIDFHRIWKH
IRXQGDWLRQSLWZLOOEHXSOLIWHG6LQFHWKHH[FDYDWLRQ
IRUFHLVGLUHFWO\UHODWHGWRWKHLQLWLDOVWUHVVWKHDFFX
UDWHLQLWLDOVWUHVVFDOFXODWLRQSURYLGHVDUHOLDEOHEDVLV
IRU VXEVHTXHQW FDOFXODWLRQV 0RUHRYHU VLQFH WKH

JURXQGZDWHUOHYHORXWVLGHWKHIRXQGDWLRQSLWUHPDLQV
XQFKDQJHGGXULQJWKHH[FDYDWLRQSURFHVVLWZLOODOVR
JUHDWO\ LQFUHDVH WKH WRWDO KRUL]RQWDO VWUHVV RI WKH
IRXQGDWLRQVRLOZKLFKQHHGVWREHFRQVLGHUHGLQWKH
FDOFXODWLRQ
7RWDO VWUHVV ILHOG DW WKH HQG RI H[FDYDWLRQ
)LJXUHLVDFORXGGLDJUDPRIWKHKRUL]RQWDODQGYHU
WLFDOWRWDOVWUHVVILHOGGLVWULEXWLRQRIWKHVRLODURXQG
WKHIRXQGDWLRQSLWDIWHUWKHFRPSOHWLRQRIWKHH[FD
YDWLRQ,WFDQEHVHHQIURP)LJXUHEWKDWDIWHUWKH
H[FDYDWLRQ RI WKH IRXQGDWLRQ SLW LV FRPSOHWHG WKH
VWUHVVILHOGRIWKHVRLODZD\IURPWKHIRXQGDWLRQSLW
KDVDUHODWLYHO\VPDOOFKDQJHDQGDOPRVWUHPDLQVXQ
FKDQJHG 7KH VRLO VWUHVV DURXQG WKH IRXQGDWLRQ SLW
FDVWLQSODFHSLOHKDVDODUJHFKDQJHHVSHFLDOO\WKH
WRWDOYHUWLFDOVWUHVV7KHVWUHVVQHDUWKHFDVWLQSODFH
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HYDWLRQDQGWKHORZHUPRQLWRULQJSRLQWVKRZVDOLQ
HDUGHFUHDVHWUHQG&RPSDULQJWKHLQLWLDOSRUHZDWHU
SUHVVXUHDWWKHPRQLWRULQJSRLQWDQGWKHSRUHZDWHU
SUHVVXUHDIWHUWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWLV
FRPSOHWHGLWFDQEHVHHQWKDWWKHORZHUPRVWPRQL
WRULQJ SRLQW LV UHGXFHG IURP  N3D WR 
N3DDUHGXFWLRQ7KLVLVEHFDXVHZLWKWKHH[FD
YDWLRQ RI WKH IRXQGDWLRQ SLW WKH ZDWHU OHYHO LQ WKH
IRXQGDWLRQSLWFRQWLQXHVWRGURSDQGWKHZDWHUOHYHO
RXWVLGHWKHIRXQGDWLRQSLWLVKLJK8QGHUWKHDFWLRQ
RI JUDYLW\ WKH JURXQGZDWHU RXWVLGH WKH IRXQGDWLRQ
SLWFRQWLQXHVWRIORZLQWRWKHIRXQGDWLRQSLWFDXVLQJ
WKHZDWHUOHYHORXWVLGHWKHIRXQGDWLRQSLWWRFRQWLQXH
WRGHFUHDVH

6XUIDFHVHWWOHPHQW)LJXUHDVKRZVWKHYHUWL
FDO GLVSODFHPHQW DQG GHIRUPDWLRQ JULG RI WKH VRLO
OD\HULQVLGHDQGRXWVLGHWKHIRXQGDWLRQSLWDIWHUWKH
H[FDYDWLRQLVFRPSOHWHG)LJXUHEVKRZVWKHGHIRU
PDWLRQFXUYHVRIWKHPRQLWRULQJSRLQWVRQWKHRXWHU
VXUIDFHRIWKHIRXQGDWLRQSLWDWGLIIHUHQWH[FDYDWLRQ
VWDJHV,WFDQEHVHHQIURP)LJXUHDWKDWDIWHUWKH
H[FDYDWLRQ RI WKH IRXQGDWLRQ SLW LV FRPSOHWHG WKH
VXUIDFHRIWKHIRXQGDWLRQSLWKDVVXEVLGHQFHDQGWKH
VXUIDFHRIWKHIRXQGDWLRQSLWKDVXSOLIWHG,WFDQEH
VHHQIURP)LJXUHEWKDWDIWHUWKHDGGLWLRQDOORDGLV
DSSOLHGEHIRUHWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLW
DFPVHWWOHPHQWRFFXUVRQWKHVXUIDFHRIWKHIRXQ
GDWLRQSLWDQGWKHPRQLWRULQJSRLQWQHDUWKHWRSRI
WKH FDVWLQSODFH SLOH KDV DQ XSZDUG GLVSODFHPHQW
$VWKHH[FDYDWLRQSURJUHVVHVWKHVHWWOHPHQWRIWKH
PRQLWRULQJSRLQWVRXWVLGHWKHIRXQGDWLRQSLWFRQWLQ
XHVWRLQFUHDVHVKRZLQJD8VKDSHGVHWWOHPHQW$I
WHUWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWLVFRPSOHWHG
WKH PD[LPXP VXUIDFH VHWWOHPHQW YDOXH LV FP
7KLVLVEHFDXVHZLWKWKHH[FDYDWLRQRIWKHIRXQGDWLRQ
SLWWKHSRUHZDWHUSUHVVXUHRXWVLGHWKHIRXQGDWLRQSLW
FRQWLQXHVWRGHFUHDVHWKHWRWDOVWUHVVRIWKHVRLOERG\
GHFUHDVHVDQGWKHVRLOERG\VHWWOHV


SLOH SUHVHQWV D IXQQHOVKDSHG GLVWULEXWLRQ DQG WKH
GLVWULEXWLRQRIVWUHVVFRQWRXUVLVUHODWLYHO\GHQVHLQ
GLFDWLQJWKDWVWUHVVFRQFHQWUDWLRQPD\RFFXUWKHUH

$QDO\VLVRIVHHSDJHILHOG)LJXUHDLVWKHGLV
WULEXWLRQPDSRIWKHVHHSDJHILHOGDURXQGWKHIRXQ
GDWLRQSLWDIWHUWKHH[FDYDWLRQDQG)LJXUHELVWKH
FKDQJHFXUYHRIWKHSRUHZDWHUSUHVVXUHDWWKHPRQ
LWRULQJSRLQWQHDUWKHFDVWLQSODFHSLOHGXULQJWKHH[
FDYDWLRQSURFHVV)LJXUHDVKRZVWKDWDIWHUWKHH[
FDYDWLRQRIWKHIRXQGDWLRQSLWLVFRPSOHWHGWKHSRUH
ZDWHUSUHVVXUHRXWVLGHWKHIRXQGDWLRQSLWUHPDLQVDO
PRVWXQFKDQJHGDQGWKHSRUHZDWHUSUHVVXUHRIWKH
VRLOOD\HUEHORZWKHIRXQGDWLRQSLWIROORZVWKHJHQ
HUDO SRUH ZDWHU SUHVVXUH GLVWULEXWLRQ ODZ %HFDXVH
WKHFDVWLQSODFHSLOHLVLPSHUPHDEOHWKHJURXQGZD
WHURXWVLGHWKHIRXQGDWLRQSLWE\SDVVHVWKHERWWRPRI
WKHSLOHDQGSHQHWUDWHVLQWRWKHERWWRPRIWKHIRXQ
GDWLRQSLW7KHDUURZLQWKHILJXUHLQGLFDWHVWKHIORZ
UDWHRIWKHVHHSDJHZDWHU>@,WFDQEHVHHQWKDW
WKHIORZUDWHRIVHHSDJHZDWHULVWKHODUJHVWZKHQLW
SDVVHVWKURXJKWKHERWWRPRIWKHSLOHDQGWKHIDUWKHU
DZD\IURPWKHERWWRPRIWKHSLOHWKHORZHUWKHIORZ
UDWHRIVHHSDJHZDWHU7KLVLVEHFDXVHWKHSHUPHDELO
LW\ FRHIILFLHQW GLIIHUHQFH EHWZHHQ WKH SLOH ERWWRP
DQGWKHVRLOOD\HULVODUJHDQGWKHUHLVFRQWDFWHURVLRQ
EHWZHHQ WKH WZR EXW EHFDXVH WKH IORZ YHORFLW\ LV
VPDOOLWZLOOQRWKDYHDODUJHLPSDFWRQWKHVWUXFWXUH
,WFDQEHVHHQIURP)LJXUHEWKDWWKHSRUHZD
WHUSUHVVXUHDWWKHPRQLWRULQJSRLQWQHDUWKHFDVWLQ
SODFHSLOHVKRZVDJUDGXDOGHFUHDVHLQWKHHOHYDWLRQ
GLUHFWLRQ GXULQJ WKH H[FDYDWLRQ SURFHVV :KHQ WKH
IRXQGDWLRQSLWLVQRWH[FDYDWHGWKHSRUHZDWHUSUHV
VXUHRIWKHPRQLWRULQJSRLQWLVOLQHDUO\SURSRUWLRQDO
DORQJWKHHOHYDWLRQGLUHFWLRQ$VWKHH[FDYDWLRQSUR
JUHVVHV WKH SRUH ZDWHU SUHVVXUH RI WKH XSSHUPRVW
PRQLWRULQJSRLQWGHFUHDVHVOLQHDUO\DORQJWKHHOHYD
WLRQGLUHFWLRQWKHSRUHZDWHUSUHVVXUHRIWKHFHQWUDO
PRQLWRULQJSRLQWGHFUHDVHVQRQOLQHDUO\DORQJWKHHO


),*85(
6HHSDJHGLVWULEXWLRQPDSDIWHUH[FDYDWLRQ
1RWHV D &ORXGPDSRIVHHSDJHILHOGDIWHUH[FDYDWLRQ E 3RUHZDWHUSUHVVXUHPDSRIPRQLWRULQJSRLQW
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),*85(
6XUIDFHGHIRUPDWLRQPDSDIWHUH[FDYDWLRQ



1RWHV D 0RGHOJULGGHIRUPDWLRQPDSDWWKHHQGRIH[FDYDWLRQ E 6XUIDFHVHWWOHPHQWGLVSODFHPHQWPDS


+RUL]RQWDO GLVSODFHPHQW RI SLOH )LJXUH 
VKRZVWKHKRUL]RQWDOGLVSODFHPHQWDQGGHIRUPDWLRQ
FXUYHRIWKHERUHGSLOHPRQLWRULQJSRLQWGXULQJWKH
H[FDYDWLRQRIWKHIRXQGDWLRQSLW,WFDQEHVHHQIURP
)LJXUH  WKDW DIWHU WKH ILUVW VWHS RI H[FDYDWLRQ WKH
GLVSODFHPHQWDORQJWKHHOHYDWLRQRIWKHFDVWLQSODFH
SLOHVILUVWLQFUHDVHVDQGWKHQGHFUHDVHVDQGWKHRYHU
DOOGLVWULEXWLRQLVERZVKDSHGZLWKDPD[LPXPGLV
SODFHPHQWRIP$IWHUWKHVWHHOVXSSRUWRIWKH
H[FDYDWHG SDUW RI WKH IRXQGDWLRQ SLW LV PDLQWDLQHG
WKH GLVSODFHPHQW RI WKH SLOH WRS DERYH WKH VXSSRUW
SRLQWLQFUHDVHVWRZDUGWKHGLUHFWLRQDZD\IURPWKH
IRXQGDWLRQ SLW DQG WKH KLJKHU WKH HOHYDWLRQ RI WKH
PRQLWRULQJSRLQWWKHJUHDWHUWKHGLVSODFHPHQWZLWK
WKHPD[LPXPGLVSODFHPHQWRIP:LWKWKHVHF
RQGVWHSRIH[FDYDWLRQWKHKRUL]RQWDOGLVSODFHPHQW
RIWKHSLOHZKHUHWKHH[FDYDWHGVRLOLVORFDWHGVKDUSO\
LQFUHDVHGIURPPWRPEXWWKHGLVSODFH
PHQWRIWKHSLOHDERYHWKHILUVWVWHHOVXSSRUWZDVUHO
DWLYHO\VPDOO:LWKWKHH[FDYDWLRQDQGVXSSRUWRIWKH

IRXQGDWLRQSLWWKHPD[LPXPSRVLWLRQRIWKHKRUL]RQ
WDO GLVSODFHPHQW RI WKH FDVWLQSODFH SLOH FRQWLQXHV
WRGHFUHDVHDQGWKHPD[LPXPYDOXHUHPDLQVDOPRVW
XQFKDQJHG
7KHGLVSODFHPHQWRIWKHXSSHUPRVWSDUWRIWKH
FDVWLQSODFHSLOHLVDOVRFRQVWDQWO\DSSURDFKLQJWKH
IRXQGDWLRQ SLW EXW WKH FKDQJH YDOXH LV VPDOO 7KH
GLVSODFHPHQW RI WKH ORZHUPRVW SDUW RI WKH FDVWLQ
SODFHSLOHFRQWLQXHVWRLQFUHDVH$IWHUWKHH[FDYDWLRQ
RI WKH IRXQGDWLRQ SLW LV FRPSOHWHG WKH ORZHUPRVW
KRUL]RQWDO GLVSODFHPHQW LV P ,W FDQ EH VHHQ
WKDWGXULQJWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWGXH
WRWKHUHPRYDORIWKHIRXQGDWLRQSLWVRLOWKHODWHUDO
VRLO SUHVVXUH RI WKH IRXQGDWLRQ SLW FRQWLQXHV WR LQ
FUHDVH$IWHU WKH VWHHO VXSSRUW WKH KRUL]RQWDO GLV
SODFHPHQWLVFRQWUROOHGZLWKLQDFHUWDLQUDQJHWRHQ
VXUHWKHVDIHW\RIWKHIRXQGDWLRQSLWH[FDYDWLRQFRQ
VWUXFWLRQSURFHVV
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),*85(
/DWHUDOGLVSODFHPHQWRIFDVWLQSODFHSLOHV





),*85(
9HUWLFDOGLVSODFHPHQWRIWKHERWWRPRIWKHIRXQGDWLRQSLW

9HUWLFDOGLVSODFHPHQWRISLWERWWRP)LJXUH
&21&/86,216
VKRZVWKHYHUWLFDOGLVSODFHPHQWFXUYHRIWKHPRQL

WRULQJSRLQWVRQWKHVXUIDFHRIWKHIRXQGDWLRQSLWDI
 $IWHUWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLWLV
WHUHDFKVWHSRIH[FDYDWLRQ,WFDQEHVHHQIURP)LJ
FRPSOHWHGWKHVRLOVWUHVVFRQWRXUVQHDUWKHFDVWLQ
XUHWKDWWKHGHIRUPDWLRQRIWKHPRQLWRULQJSRLQWV
SODFHSLOHDUHUHODWLYHO\GHQVHDQGVWUHVVFRQFHQWUD
RQWKHOHIWDQGULJKWIHHWRIWKHIRXQGDWLRQSLWLVYHU\
WLRQPD\RFFXU'XULQJWKHH[FDYDWLRQRIWKHIRXQ
VPDOODQGWKHPLGGOHPRQLWRULQJSRLQWKDVWKHODUJ
GDWLRQSLWWKHJURXQGZDWHUDURXQGWKHIRXQGDWLRQSLW
HVWGHIRUPDWLRQ7KHVRLORQWKHVXUIDFHRIWKHIRXQ
FRQWLQXRXVO\ VHHSV LQWR WKH IRXQGDWLRQ SLW 'XH WR
GDWLRQSLW VKRZV DQ LQYHUWHG XVKDSHGGHIRUPDWLRQ
WKHLPSHUPHDELOLW\RIWKHFDVWLQSODFHSLOHWKHKHDG
ODZ7KHGLVSODFHPHQWEHFRPHVODUJHU)RUH[DPSOH
ORVV RI VHHSDJH ZDWHU LV ODUJH DQG WKH SRUH ZDWHU
DIWHUWKHILUVWVWHSRIH[FDYDWLRQWKHPD[LPXPYHU
SUHVVXUHDWWKHORZHVWPRQLWRULQJSRLQWDWWKHERWWRP
WLFDO GLVSODFHPHQW RI WKH VXUIDFH RI WKH IRXQGDWLRQ
RIWKHSLOHLVUHGXFHGE\IURPWKHLQLWLDOOHYHO
SLWLVPDQGWKHPD[LPXPYHUWLFDOGLVSODFHPHQW
 'XULQJWKHH[FDYDWLRQRIWKHIRXQGDWLRQSLW
RIWKHVXUIDFHRIWKHIRXQGDWLRQSLWDIWHUWKHFRPSOH
WKHEXLOGLQJVDURXQGWKHIRXQGDWLRQSLWKDYHVHWWOHG
WLRQRIWKHH[FDYDWLRQLVPDQLQFUHDVHRI
LQD8VKDSHGGLVWULEXWLRQZLWKWKHPD[LPXPYDOXH
7KLV LV EHFDXVH WKH JUHDWHU WKH EXULHG GHSWK RI WKH
RFFXUULQJQHDUPIURPWKHIRXQGDWLRQSLW7KHERW
VRLO OD\HU WKH JUHDWHU WKH LQLWLDO VWUHVV WKHUH:KHQ
WRPRIWKHIRXQGDWLRQSLWXSOLIWVGXHWRWKHXQORDGLQJ
WKHXSSHUVRLOERG\LVUHPRYHGWKHJUHDWHUWKHYHUWL
HIIHFW RI WKH XSSHU VRLO OD\HU DQG WKH YHUWLFDO GLV
FDOXSZDUGGLVSODFHPHQWRIWKHVXUIDFHRIWKHIRXQ
SODFHPHQW RI WKHERWWRP VXUIDFH RI WKH SLW LV LQ DQ
GDWLRQSLWGXHWRVWUHVVUHOHDVH
LQYHUWHGXVKDSHGGLVWULEXWLRQZLWKDPD[LPXPRI

FP7KHODWHUDOGLVSODFHPHQWRIWKHFDVWLQSODFH
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>@ 0RRUPDQQ &   $QDO\VLV RI :DOO DQG
*URXQG 0RYHPHQWV 'XH WR 'HHS ([FDYDWLRQV
LQ6RIW6RLO%DVHGRQD1HZ:RUOGZLGH'DWD
EDVH-RXUQDORIWKH-DSDQHVH*HRWHFKQLFDO6R
FLHW\  
>@ /LX 0 )DQJ 4 =KDQJ ' +RX<  
'\QDPLFGHIRUPDWLRQSUHGLFWLRQRIIRXQGDWLRQ
SLWH[FDYDWLRQEDVHGRQLPSURYHG06'PHWKRG
-RXUQDO RI 5RFN 0HFKDQLFV DQG (QJLQHHULQJ
  
>@*XR:=KDQJ6:X*  4XDQWLWDWLYH
RLO VSLOO ULVN IURP RIIVKRUH ILHOGV LQ WKH %RKDL
6HD &KLQD 6FLHQFH RI WKH7RWDO (QYLURQPHQW

>@<DQJ*=KDQJ<7DQ:&KHQ7*RQJ&
 GHIRUPDWLRQVLPXODWLRQRIGHHSIRXQGD
WLRQ SLW RI SHDW VRLO FRQVLGHULQJ VHHSDJHVWUHVV
FRXSOLQJ -RXUQDO RI 8QGHUJURXQG 6SDFH DQG
(QJLQHHULQJ 6 
>@/L6  6WDWLVWLFDODQDO\VLVRIGHIRUPDWLRQ
FKDUDFWHULVWLFVRIVXEZD\GHHSIRXQGDWLRQSLWLQ
;LDPHQ DUHD -RXUQDO RI 8QGHUJURXQG 6SDFH
DQG(QJLQHHULQJ 6 
>@/LDR + /LQ & -HQJ &   (QKDQFLQJ
%DVH6WDELOLW\RI'HHS([FDYDWLRQLQ6RIW&OD\
ZLWK *URXW 3LOHV ,QWHUQDWLRQDO &RQIHUHQFH RQ
*URXWLQJ 'HHS0L[LQJ  
>@)HQJ&=KDQJ')DQJ4+RX<  
7KH PHFKDQLVP DQG HIIHFW RI SDUWLWLRQ ZDOO LQ
VRIW VRLO DUHD WR FRQWURO IRXQGDWLRQ SLW GHIRU
PDWLRQ -RXUQDO RI *HRWHFKQLFDO (QJLQHHULQJ
  
>@+ROPHV + *DUFLD7DHQJXD ( )XHQWHV 5
 0HWDDQDO\VLVRIJURXQGPRYHPHQWVDV
VRFLDWHG ZLWK GHHS H[FDYDWLRQV XVLQJ D GDWD
PLQLQJ DSSURDFK -RXUQDO RI 5RFN 0HFKDQLFV
DQG*HRWHFKQLFDO(QJLQHHULQJ  
>@=KRX*  $QDO\VLVDQGFRQWURORIVSDFH
WLPHHIIHFWRIGHHSIRXQGDWLRQSLWH[FDYDWLRQLQ
ZHDNVWUDWD-RXUQDORI8QGHUJURXQG6SDFHDQG
(QJLQHHULQJ ] 
>@/LX - /X<:DQJ - 6XQ ;   &RQ
VWUXFWLRQ6LPXODWLRQ6WXG\RQ'HHS)RXQGDWLRQ
3LWRI+DLVKDQ6WDWLRQRI6KHQ]KHQ0HWUR/LQH
+LJKZD\
>@/X + -L + ;LQJ *<X 6   'HVLJQ
DQGDQDO\VLVRIIRXQGDWLRQSLWVXSSRUWLQVLOWVRIW
VRLOOD\HU=KHMLDQJ$UFKLWHFWXUH
>@=KDR 4 =KDQJ -:DQJ + /LX ;  
0RQLWRULQJDQGDQDO\VLVRIIRXQGDWLRQSLWRI4L
DR[LDQJ 6WDWLRQ RQ 6KHQ]KHQ 0HWUR /LQH 
-RXUQDORI:DWHU&RQVHUYDQF\DQG&RQVWUXFWLRQ
(QJLQHHULQJ  
>@8NULWFKRQ%.HDZVDZDVYRQJ6  6WD
ELOLW\ RI XQVXSSRUWHG FRQLFDO H[FDYDWLRQV LQ
QRQKRPRJHQHRXV FOD\V &RPSXWHUV  *H
RWHFKQLFV
>@5RVV3  (IILFLHQWQXPHULFDOPHWKRGVIRU
LQILOWUDWLRQXVLQJ5LFKDUGV HTXDWLRQ:DWHU5H
VRXUFHV5HVHDUFK  

SLOHLVGLVWULEXWHGLQDERZVKDSHGXULQJWKHH[FDYD
WLRQ RI WKH IRXQGDWLRQ SLW DQG WKH SRVLWLRQ RI WKH
PD[LPXP ODWHUDO GLVSODFHPHQW FRQWLQXHV WR PRYH
GRZQZDUGDVWKHH[FDYDWLRQGHSWKLQFUHDVHV
  7KH JHRORJLFDO FRQGLWLRQV RI WKH RIIVKRUH
VLOWVRLOOD\HUDUHFRPSOLFDWHG*HRORJLFDOGLVDVWHUV
VXFKDVZDWHULQUXVKLVSURQHWRRFFXUGXULQJWKHH[
FDYDWLRQRIWKHIRXQGDWLRQSLWZKLFKQRWRQO\HDVLO\
GDPDJHVWKHUHWDLQLQJVWUXFWXUHRIWKHIRXQGDWLRQSLW
EXWDOVRFDXVHVWKHVHWWOHPHQWRIVXUURXQGLQJEXLOG
LQJVDQGWKHVHULRXVGDPDJHWRWKHVXUURXQGLQJHQ
YLURQPHQW 


$&.12:/('*(0(176

7KLVZRUNZDVQRWVXSSRUWHGE\DQ\IXQGV:H
ZDQWWRWKDQNDOOWKHWHFKQLTXHVZKRKDYHKHOSHGWKLV
UHVHDUFKDQGDOOWKHDXWKRUVRIWKHUHIHUHQFHV


5()(5(1&(6

>@ 4LX0<DQJ*6KHQ4'XDQ-=KDQJ3
  6WXG\ RQ WKH FRQVWUXFWLRQ GHIRUPDWLRQ
FKDUDFWHULVWLFVRIGHHSIRXQGDWLRQSLWZLWKGHHS
ZDWHUULFKVDQGOD\HUSLOHUHWDLQLQJZDOO-RXUQDO
RI6XQ<DWVHQ8QLYHUVLW\ 1DWXUDO6FLHQFH(GL
WLRQ   
>@ *XR.&KHQ<  'HIRUPDWLRQFKDUDF
WHULVWLFV DQG SUHGLFWLRQ RI GHHS IRXQGDWLRQ SLW
HQJLQHHULQJ LQ D KRVSLWDO LQ 7LDQMLQ 6FLHQFH
7HFKQRORJ\DQG(QJLQHHULQJ  
>@ +X==KX'  6WXG\RQWKHFRQVWUXFWLRQ
ULVNRIVXEZD\IRXQGDWLRQSLWXQGHUFRPSOH[HQ
YLURQPHQW-RXUQDORI+HIHL8QLYHUVLW\RI7HFK
QRORJ\ 1DWXUDO6FLHQFH(GLWLRQ   

>@ ;L-:HL<  6SDFHWLPHHIIHFWDQDO\VLV
RI FRQVWUXFWLRQ PRQLWRULQJ DQG GHIRUPDWLRQ
FKDUDFWHULVWLFVRIGHHSIRXQGDWLRQSLWLQVRIWVRLO
DUHD 6FLHQFH 7HFKQRORJ\ DQG (QJLQHHULQJ
  
>@ :DQJ3:DQJ-=KRX6  1XPHULFDO
VLPXODWLRQ DQG DQDO\VLV RI GHHS IRXQGDWLRQSLW
GHZDWHULQJH[FDYDWLRQZLWKXSSHUVSDQH[LVWLQJ
WXQQHO-RXUQDORI+HIHL8QLYHUVLW\RI7HFKQRO
RJ\ 1DWXUDO6FLHQFH(GLWLRQ   
>@ &KHQ 5 +XDQJ< +XR ; :X .  
6WXG\RQHQJLQHHULQJGHIRUPDWLRQRIIRXQGDWLRQ
SLWRIRIIVKRUHVLOWVWUDWXPEDVHGRQIODFG:D
WHU DQG +\GURSRZHU 7HFKQRORJ\    

>@ /LX;;X-/LX6  7KHLQIOXHQFHIDF
WRUVRIGHIRUPDWLRQRIHQFORVXUHVWUXFWXUHEDVHG
RQRUWKRJRQDOWHVW-RXUQDORI6KDQJKDL8QLYHU
VLW\ 1DWXUDO6FLHQFH(GLWLRQ   






E\363 

9ROXPH±1RSDJHV



>@5RQJ*=KDQJ:=KRX&  &DOFXOD
WLRQ RI VDWXUDWHG XQVDWXUDWHG VHHSDJH RI VORSH
URFNXQGHUUDLQIDOO LQILOWUDWLRQ FRQGLWLRQ 5RFN
DQG6RLO0HFKDQLFV
>@=KDQJ <   0RGLI\ WKH HIIHFW RI &DP
EULGJHPRGHOSDUDPHWHUVRQWKHFDOFXODWLRQUH
VXOWV*HRWHFKQLFDO0HFKDQLFV  





5HFHLYHG

$FFHSWHG



&255(6321',1*$87+25

&KXQ[LD;LH 
6LFKXDQ&ROOHJHRI$UFKLWHFWXUDO7HFKQRORJ\ 
'HSDUWPHQWRI&LYLO(QJLQHHULQJ 
&KHQJGX6LFKXDQ±&KLQD

HPDLO#TTFRP




                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

© by PSP

Volume 30– No. 04/2021 pages 3788-3796

Fresenius Environmental Bulletin

THE EFFECT OF NITRIC OXIDE APPLICATION ON THE
GROWTH AND DEVELOPMENT OF SOYBEAN
(GLYCINE MAX L. MERR.) GROWN UNDER HEAT STRESS
Mahmut Dogan1,*, Ceren Odabasioglu2, M Ilhan Odabasioglu3, H Gizem Tekin4, Yagmur Sedetaltun1
1

Harran University, Faculty of Science and Letters, Department of Biology, Sanliurfa, Turkey
Harran University, Agriculture Faculty, Department of Field Crops, Sanliurfa 63100, Turkey
3
Harran University, Agriculture Faculty, Department of Horticulture Sciences, Sanliurfa 63100, Turkey
4
Harran University, Graduate School of Naturel and Applied Sciences, Department of Biology, Sanliurfa Turkey
2

development and, fertility in plants [2-4]. The temperature of the environment, in which the plants are
grown, sometimes occurs as a stress factor [5-7]. Although varying with regard to the plant species
grown, both high and low temperatures could negatively affect the growth and development of the plant
and limiting plant production [8-9]. The former researches indicate that the yield losses caused by environmental temperature vary between 10% and
39% [10-12]. In addition to fertility, the qualitative
and quantitative characteristics are also affected negatively In addition to yield, the qualitative and quantitative characteristics of products are also affected
by adverse weather temperatures, negatively. [1314]. The decreases and increases in the temperature
affect the morphological and physiological development of a plant, depending on the tolerance of that
plant [15-18].
The search for removing or minimizing the
negative effects of stress on plants due to the recent
increases in the Earth’s temperature and drought
continues [19, 20]. For this purpose, the use of nitric
oxide was recommended by several researchers, and
the stress-reducing effect of nitric oxide on different
plant species has been investigated [21]. The nitric
oxide synthesis in plants occurs biochemical and
molecular. The nitric oxide in plants is of enzymatic
origin [22]. Nitrogen dioxide (NO2) decomposes to
nitric oxide (NO) in acidic and illuminated environments. This is the non-enzymatic formation of NO
[23]. In recent years, the effects of nitric oxide on
plants have been covered in multifarious studies [2428]. Nitric oxide is a signal molecule due to its physiological functions in the plants [29, 30]. Nitric oxide
has a considerable effect on the growth and development of plants, in the seed and inflorescence phases,
and on the ripening of the fruit [31]. It is observed
that nitric oxide is produced in many organs in cases
of alarm situations in the plant due to stresses comprising of different factors [32-34]. Nitric oxide is a
molecule proven to protect the plants against the
damages the oxidative stress conditions would cause
[35, 36]. Nitric oxide plays a role in processes such
as ion regulation in the cells [37], cell wall lignification [38], and iron accumulation [39].

ABSTRACT
This study was conducted to determine the effects of nitric oxide (NO) application on the growth
and development of soybean (Glycine Max L. Merr.)
grown under heat stress. The experiment in the study
was conducted using 84 pots, including the control
group. The plants were administered nitric oxide
with 10, 20, 30, 40, 50 and 60 mg/L doses, and were
subjected to a heat stress of 10, 20, 30, 35, 40 and
45qC. The seeds were selected from among robust
and ready-to-germinate ones and they were germinated in the pearlite and in a climate chamber at 25±2
°C temperature. During the growth phase, the pots
were irrigated with 100 mL ½ Hoagland solution at
five days intervals. The plants, which had been subjected to heat stress and nitric oxide, were harvested
at the 14th and the 28th days. The samples collected
equally from each pot were wrapped in aluminum
foils and stored at -86qC. Later, the Proline, Chlorophyll, MDA and Ion (Na+, K+, Ca+, Cl-) analyses
were conducted on the samples. Different results
were obtained in the analyses depending on the applications. Due to the increasing heat stress and administered NO, statistically significant increases
were found the proline, chlorophyll, MDA, and ion
compositions of the soybean leaves. It was concluded that, an increase in durability and resistance
occurred in soybeans grown under heat stress, depending on the administered doses, and the application had a positive effect on growth and development
at the 40 mg/L and 50 mg/L nitric oxide doses.
KEYWORDS:
Soybean, nitric oxide, heat stress, growth and development

INTRODUCTION
The biotic and abiotic environmental conditions in the nature cause stress on the plants on the
face of the earth [1]. As stress causes metabolic and
physiological changes, it negatively affects growth,
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Soybean is under focus of research as one of
important culture plants. Soybean (Glycine Max L.
Merril), which is an aestival and monocotyledonous
plant, provides approximately one-third of the
world’s oil need and two-thirds of the world’s protein need [40]. Besides, soybean is the plant with the
highest production around the world, among legume
family and oilseeds [41, 42]. The average temperature for a productive growth of soybean is 25°C [43].
Temperatures below 18°C and above 40 °C are reported as extreme conditions, as they are for many
other plant species, for soybean cultivation [44].
Thus, it is reported that temperatures above and below these limit values, acknowledged for soybean
cultivation, negatively affects the development of
soybean [45]. On the other hand, there are varieties
of soybean, which are tolerant to different climate
conditions and environmental temperatures, and
which have different qualitative and quantitative
characteristics. It is reported that low soil temperatures after sowing the soybean seed, delayed the germination of it [43]. In addition, it is revealed in previous studies that low and high temperatures have inhibitory and suppressing effects on plant development in the foliation and inflorescence phases [44].
In soybean under heat stress, nitric oxide plays
the role of the signal molecule defending against the
pathogens [46]. In fact, it is observed that it functioned in oxidative stress situations. The water holding capacity, antioxidant activation, growth, development, membrane permeability, grain fill, and yield
that occur in soybean under heat stress are improved
with nitric oxide application at sufficient doses and
appropriate environmental conditions. [47]. Significant changes are observed in the wet and dry weigh
of soybean under heat stress, in nitric oxide applications [48]. It is asserted that in order to create an
ameliorative effect of nitric oxide on the plants under
heat stress, either the plant should be administered a
required amount of nitric oxide or an amount of nitric oxide donor should be administered to the plant.
If nitric oxide donor use, that should enable a sufficient level of nitric oxide synthesis [49].
In this study, the proline, chlorophyll, MDA,
and ion changes are researched in soybeans, which
were administered different levels of heat stress and
different doses of nitric oxide. By this means, the
study tried to determine the most appropriate nitric
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oxide dose to minimize the effects of the oxidative
stress caused by high temperatures in soybean.
MATERIALS AND METHODS
In this study, the soybean (Glycine Max. L. cv.
“A3935”) seedlings, watered with ½ Hoagland solution
in pearlite, were grown under different levels of heat
stress and with different doses of nitric oxide in a
controlled environment (climate chamber) for 28
days. The study was conducted with 84 pots, including the control group, with 3 replications, and with
252 plants.
The soybean seeds were watered with 100 mL
from sowing to germination and later they were watered at five days intervals. After the formation of the
first real leaves, thinning was applied to leave three
similarly developed plants in each pot, and the pots
were divided into groups determined in the trial
designLater, the pots, except for the control group,
were applied different doses of nitric oxide (15 mL
NO solution was sprayed on the group belonging to
each application) and different levels of heat stress.
(Table 1). After the plants had been transferred to the
climate chamber and had been applied the nitric oxide doses, their leaves were harvested at the 14th and
28th days, and proline, chlorophyll, MDA, and ion
(Na+, K+, Ca+, and Cl-) analyses were performed.
Proline analysis was conducted using the
method in [50]. Approximately 0.5 g fresh soybean
leaves were weighed; 10 mL of 3% sulfosalicylic
acide concentration was applied to homogenize these
leaves. The filtered samples were reacted with ninhydrin in a water bath at 90°C for one hour. Later,
the samples were taken into an ice bath and the reaction was completed. After cooling, the solution was
extracted with toluene. The supernatant was read in
the spectrophotometer (Shimadzu UV-1208) at 520
nm absorbance value. The absorbance values were
calculated in μg/mg F.W.
Chlorophyll analysis was conducted using the
method in [51]. The soybean samples were homogenized with 10 mL of ethanol (80%). Later, the samples were kept in a water bath at 80°C for 20 minutes.
After that samples were read in the spectrophotometer (Shimadzu UV-1208) at 654 nm

TABLE 1
Groups of heat stress and nitric oxide application in the trial design
Heat Stress and NO App. Groups
Heat
Nitric Oxide
HS1NO1
10 °C
10 mg/L
HS2NO2
20 °C
20 mg/L
Control
25 °C
HS3NO3
30 °C
30 mg/L
HS4NO4
35 °C
40 mg/L
HS5NO5
40 °C
50 mg/L
HS6NO6
45 °C
60 mg/L
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absorbance value. The absorbance values were calculated in μg/mg F.W.
The amount of MDA was studied according to
the method in [52]. 200 mg of leaf sample, which
frozen before in liquid nitrogen, was weighed and 5
mL of 0.1% trichloroacetic acid (TCA) was added to
it. This mixture, which prepared with soybean samples was centrifuged at 12500 rpm for 20 minutes. 3
mL of supernatant was taken from this extract and 3
mL of 0.1% TCA, which contains 20% TBA was
added to it. This solution was kept in a water bath at
95qC for half an hour. The absorbance was measured
against a blind sample at 532 and 600 nm in the spectrophotometer (Shimadzu UV-1208). 0.1% TCA solution, which contained 20% TBA, was used as a
blind sample.
In the ion (Na+, K+, Ca+ and Cl-) analysis, the
method in [53] was used. The soybean leaves were
grounded in porcelain crucible mortars in accordance with this method. 500 mg of the grounded samples were weighed. The weighed samples were taken
into tubes and homogenized by adding 10 mL of 1 N
nitric acid (HNO3). These solutions were stirred in
the shaker for periods of 20 minutes. Later, these
samples were kept in a water bath at 95°C for one
hour. After cooling, they were centrifuged at 3500
rpm for 10 minutes. After the centrifuge, the supernatants were retrieved and they were subjected to the
same procedure after adding 10 ml 1N HNO3. Na+,
K+, Ca++ and Cl- ions in the supernatants of the final
extracts were analyzed in ICP and their absorbance
values were calculated in μg/mg D.W.
The study was conducted as a three replicates
study. The factors were examined with regards to
three replicates variance analysis in the randomized
block design, and the differences between the applications were investigated with multiple comparison
test.
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RESULTS AND DISCUSSION
Proline. As can be seen in Table 2, proline, in
the samples harvested on the 14th and 28th days, was
found to vary between 3.4±3 and 3.7±1 in the control, between 4.3±2 and 4.8±2 in the 10 mg nitric oxide application with 10qC heat stress, and between
6.2±4 and 7.1±3 in the 20 mg nitric oxide application
with 20qC heat stress. It varied between 5.0±2 and
6.3±2 in the 30 mg nitric oxide application with 30qC
heat stress, between 5.4±1 and 6.4±3 in the 40 mg
nitric oxide application with 35qC heat stress, between 5.3±4 and 6.5±2 in the 50 mg nitric oxide application with 40qC heat stress, and between 5.2±2
and 6.8±3 in the 60 mg nitric oxide application with
45qC heat stress.
The increase in proline levels in the leaves of
soybean, grown with nitric oxide application, significantly reduced the defoliation due to heat stress
(data not shown). Besides, it is seen that the increase
in nitric oxide doses proportional to the temperature
increases has a positive effect on the heat stress tolerance of soybean. This effect is exhibited with the
increase in proline synthesis against stress (Figure
1). It is also found that the stress caused by increasing temperature could not harm soybean with the nitric oxide application, on the contrary, the plant
gained resistance against stress and nitric oxide increased the plant’s durability. Although, the positive
effect of nitric oxide applications on the heat stress
caused by the temperatures exceeding above the optimal growth temperatures of soybean, findings (the
HS1NO1 group) suggesting that this effect would be
more limited on the stress caused by low temperatures. In all groups examined, the lengthening of the
period after the formation of first true leaves, the proline levels increased. Depending on this finding, it
could be argued that plants in advanced phases of
their development are more tolerant to long-term
high or low environmental temperatures.

TABLE 2
Proline, chlorophyll and MDA changes in soybean leaves according to different heat stress and nitric oxide applications (μg/mg F.W.)
Proline
Chlorophyll
MDA
Heat Stress and NO App.
Groups
14. Day
28. Day
14. Day
28. Day
14. Day
28. Day
HS1NO1
4.3±2
4.8±2
45.3±1
48.8±2
35.3±2
38.8±2
HS2NO2
6.2±4
7.1±3
61.2±3
72.1±3
41.1±3
42.4±4
Control
3.4±3
3.7±1
75.4±2
74.7±1
36.4±1
34.2±3
HS3NO3
5.0±2
6.3±2
65.0±4
66.3±2
45.4±2
46.2±3
5.4±1
6.4±3
65.4±3
66.4±3
45.8±2
46.9±2
HS4NO4
HS5NO5
5.3±4
6.5±2
75.3±2
72.5±2
57.2±3
62.1±3
HS6NO6
5.2±2
6.8±3
65.2±1
66.8±3
66.2±3
58.9±3
Proline (p= 0.45, heat stress and nitric oxide p=0.56), Chlorophyll (p= 0.75, heat stress and nitric oxide p=0.66), MDA (p=
0.45, heat stress and nitric oxide p=0.56)
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FIGURE 1
The change of Proline content in leaves of soybean subjected to different heat stress and
NO applications (μg/mg F.W.)

FIGURE 2
The change of Chlorophyll content in leaves of soybean subjected to different heat stress
and NO applications (μg/mg F.W.)
Chlorophyll. As can be seen in Table 2, chlorophyll, in the samples harvested on the 14th and 28th
days, was found to vary between 75.4±2 and 74.4±1
in the control group, between 45.3±1 and 48.8±2 in
the 10 mg nitric oxide application with a 10qC heat
stress, and between 61.2±3 and 72.1±3 in the 20 mg
nitric oxide application with a 20qC heat stress. It
varied between 65.0±4 and 66.3±2 in the 30 mg nitric oxide application with a 30qC heat stress, between 65.4±3 and 66.4±3 in the 40 mg nitric oxide
application with a 35qC heat stress, between 75.3±2
and 72.5±2 in the 50 mg nitric oxide application with
a 40qC heat stress, and between 65.2±1 and 66.8±3
in the 60 mg nitric oxide application with a 45qC heat
stress.
The insignificant change of the chlorophyll levels in the leaves of soybean grown in nitric oxide application, compared to the control group, gives the
impression that soybean was not affected by high
heat stress due to the nitric oxide applications (Figure 2). The increase in nitric oxide doses that are proportional to the increases in temperature, prevented
leaves from discoloration or chlorosis. Therefore, nitric oxide application on plants is understood to have
a positive effect against high heat stress. The maintenance of the chlorophyll amount in the leaves indicates that the NO applications preserved the pigment

synthesis in plants under adverse ecological conditions. On the other hand, it is also found that the nitric oxide application could not ensure chlorophyll
synthesis at the same level in soybeans grown in low
temperatures. The reason for this situation could be
either the insufficiency of nitric oxide, administered
to the plants subjected to low temperatures, in increasing the plant’s resistance against the stress
caused by cold, or nitric oxide not having the same
effect in low-temperature tolerance as it has in hightemperature tolerance.
MDA. The amount of MDA exhibited a significant increase, when compared to the control group,
in other groups examined (except for HS1NO1). As
can be seen in Table 2, MDA, in the samples harvested on the 14th and 28th days, was found to vary
between 36.4±1 and 34.2±3 in the control group, between 35.3±2 and 38.8±2 in the 10 mg nitric oxide
application with a 10qC heat stress, between 41.1±3
and 42.4±4 in the 20 mg nitric oxide application with
a 20qC heat stress. It varied between 45.4±2 and
46.2±3 in the 30 mg nitric oxide application with a
30qC heat stress, between 45.8±2 and 46.9±2 in the
40 mg nitric oxide application with a 25qC heat
stress, between 57.2±3 and 62.1±3 in the 50 mg nitric oxide application with a

3791

© by PSP

Volume 30– No. 04/2021 pages 3788-3796

Fresenius Environmental Bulletin

FIGURE 3
The change of MDA content in leaves of soybean subjected to different heat stress
and NO applications (μg/mg F.W.)
TABLE 3
Na+, K+, Ca++ and Cl- changes in soybean subjected to heat stress and nitric oxide (μg/mg D.W.)
K+
Ca++
ClNa+
Heat Stress and NO
App. Groups
14. Day
28. Day
14. Day
28. Day
14. Day
28. Day
14. Day
28. Day
HS1NO1
5.3±2
8.6±3
9.3±2
9.9±1
4.8±3
5.4±2
4.2±1
4.6±3
HS2NO2
4.4±4
5.4±3
10.2±3
12.3±1
5.3±2
5.8±3
4.8±3
4.9±2
Control
8.6±3
6.4±2
8.1±3
9.4±2
4.2±2
5.2±3
3.4±3
3.9±2
5.4±3
6.2±2
12.3±2
13.4±2
5.9±1
6.1±4
5.1±2
5.8±2
HS3NO3
HS4NO4
5.8±1
6.9±3
13.3±4
14.3±2
6.2±2
6.8±3
5.5±3
5.8±2
7.2±2
6.1±4
16.1±2
17.9±4
6.8±3
7.7±3
6.2±2
6.7±4
HS5NO5
6.9±6
8.9±3
4.3±2
5.2±3
3.2±1
4.1±2
2.3±2
2.8±3
HS6NO6
Na+ (p= 0.04, stress p= 0.09), K+ (p= 0.05, stress p= 0.08), Ca++ (p= 0.05, stress p= 0.06), Cl- (p= 0.04, stress p= 0.05)

the damages nitric oxide could cause to the plant. By
this means, it is understood that soybeans' resistance
could be increased by increasing MDA levels.

40qC heat stress, and between 66.2±3 and 58.9±3
μg/mg T.A. in the 60 mg nitric oxide application
with a 40qC heat stress.
The significant increase of MDA amount in
soybean leaves, compared to the control group, was
due to heat stress (Figure 3). The increase in the
MDA amount indicates that resistance occurred in
the plants against stress-related cell damage. As
MDA, which is a product of lipid peroxidation, appears as a product of deformation in the cell membranes, it is understood that soybeans trying to preserve itself against stress caused by high-temperature. Average lipid peroxidation values being higher
in soybean leaves, compared to the control group,
suggests that soybean could be affected more from
the environmental factors, and the free radicals formation could be higher. The increase in the MDA
content in the cell membranes, which is proportional
to the increase in temperature, is also an indicator of
oxidative damage. On the other hand, it is seen that
the oxidative damage is significantly low in plants in
the group, which was grown at 10°C temperature,
and which was administered 10 mg/L NO.
The significant change in lipid peroxidation indicates that cell membranes are damaged via MDA
and several other mechanisms related to the plant,
under heat stress. It is found that the plants decreased
their osmotic potentials to maintain their water content at a constant level, and the MDA values changed
with the heat stress. In addition, an increase in MDA
amount was observed in all NO applicated groups.
This increase caused resistance formation to prevent

Sodium (Na+). According to the variance analysis results, the ion amounts of the groups examined
in the study were found to be statistically significant.
Na+ amounts found in the leaves of soybean in the
control group and the plants grown under heat stress
and in nitric oxide application for 28 days are
presented in Table 3.
When the results of the analysis about Na+ are
examined, it is seen that the effect of nitric oxide on
Na+ amount is statistically significant (p<0.45). As
can be seen in Table 3, Na+, in the samples harvested
on the 14th and 28th days, was found to vary between
8.6±3 and 6.4±2 in the control group, between 5.3±2
and 8.6±3 in the 10 mg nitric oxide application with
a 10qC heat stress, and between 4.4±4 and 5.4±3 in
the 20 mg nitric oxide application with a 20qC heat
stress. It varied between 5.4±3 and 6.2±2 in the 30
mg nitric oxide application with a 30qC heat stress,
between 5.8±1 and 6.9±3 in the 40 mg nitric oxide
application with a 30qC heat stress, between 7.2±2
and 6.1±4 in the 50 mg nitric oxide application with
a 40qC heat stress , and between 6.9±6 and 8.9±3
μg/mg D.W. in the 60 mg nitric oxide application
with a 45qC heat stress.
Heat stress caused increases, which could be
considered significant, in the Na+ amounts of the
leaves in the further days of the experiment. It was
observed that the Na+ levels of the leaves were lower
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than the control group in the first few days of the experiment, but they increased significantly in the following days. It is unearthed that NO applications on
soybean create resistance against cellular damages
caused by heat stress. The increase in the Na+ content in soybean leaves, affected by internal factors
such as cellular damage, is an indicator of the water
requirement.
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between 3.2±1 and 4.1±2 in the control group, between 4.2±2 and 5.2±3 in the 10 mg nitric oxide application with a 10qC heat stress, and between 4.8±3
and 5.4±2 in the 20 mg nitric oxide application with
a 20qC heat stress. It varied between 5.3±2 and 5.8±3
in the 30 mg nitric oxide application with a 30qC heat
stress, between 5.9±1 and 6.1±4 in the 40 mg nitric
oxide application with a 30qC heat stress, between
6.2±2 and 6.8±3 in the 50 mg nitric oxide application
with a 40qC heat stress, and between 6.8±3 and
7.7±3 μg/mg D.W. in the 60 mg nitric oxide application with a 45qC heat stress.
Heat stress caused increases, albeit not significant, in the Ca++ amounts of the leaves. It was observed that the Ca++ levels of the leaves increased
significantly when compared to the control group
and other application groups. The average Ca++ levels of HSnNOn groups in the soybean leaves were
found higher than the control group. This finding indicates that nitric oxide applications did not have a
negative effect on soybean. Furthermore, the significant change in the Ca++ content of soybean leaves,
due to heat stress, is a positive indicator. The significant change in the Ca++ content with the nitric oxide
application points out to the fact that Ca++ contributed to the durability of the plant. It is found that the
plants reduce their osmotic potentials to maintain
their water content at a constant level, and the competition caused by the abundant intake of Ca++ ions,
which are present in the environment with other
compounds, increased the amount of Ca++ ions.

Potassium (K+). The amounts of K+ determined in the leaf tissues of soybean in the control
group, and the plants grown under heat stress and in
nitric oxide applications for 28 days, are presented in
Table 3. When the results of the analysis about K+
are examined, it is seen that the effect of nitric oxide
on K+ amount is statistically significant (p<0.46). As
can be seen in Table 3, K+, in the samples harvested
on the 14th and 28th days, was found to vary between
4.3±2 and 5.2±3 in the control group, between 8.1±3
and 9.4±2 in the 10 mg nitric oxide application with
a 10qC heat stress, and between 9.3±2 and 9.9±1 in
the 20 mg nitric oxide application with a 20qC heat
stress. It varied between 10.2±3 and 12.3±1 in the 30
mg nitric oxide application with a 30qC heat stress,
between 12.3±2 and 13.4±2 in the 40 mg nitric oxide
application with a 30qC heat stress, between 13.3±4
and 14.3±2in the 50 mg nitric oxide application with
a 40qC heat stress, and between 16.1±2 and 17.9±4
μg/mg D.W. in the 60 mg nitric oxide application
with a 45qC heat stress.
Heat stress caused increases, which could be
considered significant, in the K+ amounts of the
leaves. It was observed that the K+ levels of the
leaves increased significantly when compared to the
control group and other application groups. Average
K+ levels in the soybean leaves higher than the control group indicate that soybean could be affected by
environmental factors, but a high K+ level did not
have a negative effect. The significant change in the
K+ content of soybean leaves, due to heat stress, is a
positive indicator. The significant change in the K+
content with the nitric oxide applications points out
to the fact that K+ contributed to the heat stress tolerance of the plant. It is found that the plants reduce
their osmotic potentials to maintain their water content at a constant level, and the competition caused
by the abundant intake of Na+ ions, which are present
in the environment with other compounds, increased
the amount of K+ ions causing an increase in other
environment applications.

Chlorine (Cl-). The amounts of Cl- determined
in the leaf tissues of soybean in the control group,
and the plants grown under heat stress and in nitric
oxide applications for 28 days, are presented in Table 3. When the results of the analysis about Cl- are
examined, it is seen that the effect of nitric oxide on
Cl- amount is statistically significant (p<0.46). As
can be seen in Table 3, Cl-, in the samples harvested
on the 14th and 28th days, was found to vary between
2.3±2 and 2.8±3 in the control group, between 3.4±3
and 3.9±2 in the 10 mg nitric oxide application with
a 10qC heat stress, and between 4.2±1 and 4.6±3 in
the 20 mg nitric oxide application with a 20qC heat
stress. It varied between 4.8±3 and 4.9±2 in the 30
mg nitric oxide application with a 30qC heat stress,
between 5.1±2 and 5.8±2 in the 40 mg nitric oxide
application with a 30qC heat stress, between 5.5±3
and 5.8±2 in the 50 mg nitric oxide application with
a 40qC heat stress , and between 6.2±2 and 6.7±4
μg/mg D.W. in the 60 mg nitric oxide application
with a 45qC heat stress.
Heat stress and NO applications caused an increase in the Cl- amounts of the leaves. However,
when control group compared to other groups, it was
observed that Cl- level changes of the leaves were
statistically not significant. Average Cl- levels of
HSnNOn groups slightly higher than the control

Calcium (Ca++). The amounts of Ca++ determined in the leaf tissues of soybean in the control
group, and the plants grown under heat stress and in
nitric oxide applications for 28 days, are presented in
Table 3. When the results of the analysis about Ca++
are examined, it is seen that the effect of nitric oxide
on Ca++ amount is statistically significant (p<0.46).
As can be seen in Table 2, Ca++, in the samples harvested on the 14th and 28th days, was found to vary
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group, indicate that soybean did not affected by environmental stress factors negatively thanks to nitric
oxide applications. The change in the Cl- content of
soybean leaves, due to heat stress, is a positive indicator.
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5DSLG XUEDQ DJJORPHUDWLRQ LQ WKH +DUELQ
'DTLQJ4LTLKDULQGXVWULDOFRUULGRUDUHJLRQWKDWKDV
WKH JUHDWHVW FRQVWUXFWLRQ VFDOH SRSXODWLRQ GHQVLW\
DQGGHJUHHRILQGXVWULDOL]DWLRQLQ+HLORQJMLDQJ3URY
LQFH KDV GDPDJHG WKH HFRORJLFDO HQYLURQPHQW DQG
ORZHUHG HFRORJLFDO EHQHILWV (FRORJLFDO VHQVLWLYLW\
HYDOXDWLRQ LV D VFLHQWLILF DQG HIIHFWLYH HYDOXDWLRQ
PHWKRGWKDWLVXVHGLQHFRORJLFDOSODQQLQJ$TXDQWL
WDWLYHDQDO\VLVRIWKHVWXG\DUHDRQWKHEDVLVRIWHFK
QRORJLHVVXFKDV*,6ZDVFRQGXFWHG7KHUHVXOWVFDQ
SURYLGH UHIHUHQFHV WR WKH RSWLPL]DWLRQ RI UHJLRQDO
HFRORJLFDOSDWWHUQDQGUHVRXUFHXWLOL]DWLRQ7KHFRUH
]RQHRIWKHVWXG\DUHDZDVGHWHUPLQHGE\XVLQJ*XL
GRVWKHEDVLVRIPRUSKRORJLFDOVSDWLDOSDWWHUQDQDO\
VLVDQGWKHGHOWDYDOXHVIRUSUREDELOLW\LQGH[RIFRQ
QHFWLYLW\ dPC  ZHUH REWDLQHG E\ LQSXWWLQJ
&RQHIRU :LWK WKH FRPELQDWLRQ RI *,6 JUDGLQJ
HYDOXDWLRQ HFRORJLFDO VRXUFH UHJLRQV DQG EXIIHU
]RQHVZHUHXVHGDVHFRORJLFDOHOHPHQWIDFWRUV/DQG
W\SHIDFWRUVZHUHGHULYHGEDVHGRQLQWHUSUHWDWLRQUH
VXOWVRIUHPRWHVHQVLQJLPDJHVDQGWRSRJUDSKLFIHD
WXUHIDFWRUVZHUHDFTXLUHGIURPFRUUHODWLRQDQDO\VLV
EDVHGRQGLJLWDOHOHYDWLRQPRGHO:HLJKWVRIHFRORJ
LFDOHOHPHQWODQGW\SHDQGWRSRJUDSKLFIHDWXUHIDF
WRUV ZHUH VHW UHDVRQDEO\ DQG HFRORJLFDO VHQVLWLYLW\
DQDO\VLVZDVSHUIRUPHG5HVXOWVZHUHHYDOXDWHGXQ
GHU FRPPRQ FRRUGLQDWLRQ RI HFRORJLFDO VRXUFH UH
JLRQVDQGPXOWLSOHHYDOXDWLRQIDFWRUVH[WUHPHO\VHQ
VLWLYHUHJLRQVFRQFHQWUDWHLQWKH'DTLQJZHWODQGDQG
PRXQWDLQRXVUHJLRQVDQGIRUHVWVLQ$FKHQJ'LVWULFW
+DUELQ1DWXUDOZHWODQGLVWKHPDLQKLJKVHQVLWLYLW\
UHJLRQ)XWXUHZRUNZLOODWWHPSWWRDYRLGGHYHORS
PHQWDQGFRQVWUXFWLRQRIWKHVHUHODWHGUHJLRQV0RG
HUDWHVHQVLWLYLW\ DQG ORZVHQVLWLYLW\ UHJLRQV FRYHU
FXOWLYDWHGODQGVVFDUFHIRUHVWVDQGJUDVVODQGVLQWKH
XUEDQ±UXUDO ERUGHUV RI WKH +DUELQ'DTLQJ4LTLKDU
LQGXVWULDOFRUULGRUZKLFKFDQEHGHYHORSHGDQGFRQ
VWUXFWHG DSSURSULDWHO\ GXULQJ HFRORJLFDO SURWHFWLRQ
DQGUHVWRUDWLRQHIIRUWV)LQGLQJVFDQSURYLGHWKHRUHW
LFDO DQG PHWKRGRORJLFDO UHIHUHQFHV WR XUEDQ±UXUDO
HFRORJLFDOSODQQLQJVWXGLHV
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LFDOVHQVLWLYLW\DQDO\VLV
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(FRORJLFDO VHQVLWLYLW\ UHIHUV WR WKH GHJUHH RI
HFRV\VWHP HQYLURQPHQWDO FKDQJHV LQ D UHJLRQ DIWHU
GLVWXUEDQFHVE\KXPDQDFWLYLWLHVDQGLWUHIOHFWVWKH
SRVVLELOLW\RIGDPDJHVWRWKHORFDOHFRORJLFDOHQYL
URQPHQW>@7KHHFRORJLFDOEHQHILWVRIKLJKVHQVLWLY
LW\UHJLRQVDUHHDVLHUWRGHFUHDVHWKURXJKPDQPDGH
LQWHUIHUHQFHV>@ (FRORJLFDO VHQVLWLYLW\ DQDO\VLV LV
RQHRIWKHFXUUHQWVFLHQWLILFDQGHIIHFWLYHHFRORJLFDO
HQYLURQPHQWDO HYDOXDWLRQ PHWKRGV DQG LW LQYROYHV
FRQVWUXFWLQJ DQ HYDOXDWLRQ V\VWHP WKURXJK IDFWRU
VFUHHQLQJ DQG ZHLJKW GHWHUPLQDWLRQ>@ (DUO\ &KL
QHVH DQG IRUHLJQ UHVHDUFK RQ HFRORJLFDO VHQVLWLYLW\
PDLQO\FRQFHQWUDWHGRQPDFURVFDOHFRQWURORYHUHFR
ORJLFDOSODQQLQJ>@RUHYDOXDWHGDVLQJOHHFRORJL
FDOSUREOHP>@6XEVHTXHQWO\HYDOXDWLRQRQHFRORJ
LFDOHQYLURQPHQWDOUHFRJQLWLRQ>@UHVHDUFKRQVHQVL
WLYLW\LQWKHSURFHVVRIHQYLURQPHQWDOFKDQJHV>@
DQG LQWHUGLVFLSOLQDU\ VWXGLHV>@ KDYH EHHQ GH
ULYHGJUDGXDOO\ 0RVW H[LVWLQJ VWXGLHV DUH TXDQWLWD
WLYHDQDO\VHVDQGHYDOXDWLRQVRIVWXG\DUHDVEDVHGRQ
JHRJUDSKLFLQIRUPDWLRQV\VWHP *,6 WHFKQRORJLHV
6RPHVWUDWHJLHVIRURSWLPL]DWLRQRIHFRORJLFDOVDIHW\
SDWWHUQ DQG HFRORJLFDO UHVRXUFH LQWHJUDWLRQ KDYH
EHHQSURSRVHGLQDFFRUGDQFHZLWKDQDO\VLVDQGVWXG\
UHVXOWV>@
7KH XUEDQ DJJORPHUDWLRQ RI +DUELQ'DTLQJ
4LTLKDULQGXVWULDOFRUULGRULVFHQWHUHGLQWKHPDLQXU
EDQDUHDRI+DUELQ'DTLQJDQG4LTLKDU&LW\FRYHU
LQJ =KDRGRQJ $QGD 'XPHQJ 7DLODL DQG RWKHU
QHLJKERULQJ HFRQRPLF UHJLRQV>@ 8UEDQ DJJORP
HUDWLRQ PDLQO\ DGRSWV KHDY\ LQGXVWULDO DQG SHWUR
OHXPUHVRXUFHGHYHORSPHQWWKXVFDXVLQJFRQWLQXRXV
HQYLURQPHQWDOGHWHULRUDWLRQWKURXJKRXWWKHLQGXVWUL
DOL]DWLRQSURFHVV7KHLQWHJUDWLRQRIHFRORJLFDOUHV
WRUDWLRQDQGODQGUHVRXUFHVLVXUJHQWO\QHHGHG(FR
ORJLFDO VHQVLWLYLW\ HYDOXDWLRQ LV WKHSULPDU\ WDVN LQ
VWXGLHVRQHFRORJLFDOSDWWHUQRSWLPL]DWLRQ7KHVWXG\
DUHDLVH[WHQVLYHZLWKJUHDWWRSRJUDSKLFDOFKDQJHV
DQG FRPSOLFDWHG ODQG W\SHV 7UDGLWLRQDO HYDOXDWLRQ
IDFWRUV DUH QRW VFLHQWLILF HQRXJK 7KH VWXG\ DUHDV
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KDYHPDQ\HFRV\VWHPFRQVHUYDWLRQDQGZDWHUFRQ
VHUYDWLRQ DUHDV LQFOXGLQJ PRXQWDLQV DQG QDWXUDO
ODNH ZHWODQGV +HQFH WKLV VWXG\ XVHG HFRORJLFDO
VRXUFHUHJLRQVDVDQLPSRUWDQWFRQVLGHULQJIDFWRULQ
HFRORJLFDO VHQVLWLYLW\ HYDOXDWLRQ DQG FRQGXFWHG D
TXDQWLWDWLYHDQDO\VLVIURPWKHSHUVSHFWLYHRIVRXUFH
FRRUGLQDWLRQ $IWHU ELQDUL]DWLRQ RI WKH LQWHUSUHWHG
JULGPDSRIODQGW\SHVWKURXJKPRUSKRORJLFDOVSDWLDO
SDWWHUQDQDO\VLV 063$ WKHHFRORJLFDOFRUH]RQHV
RI WKH VWXG\ DUHD ZHUH GHULYHG IURP *XLGRV DQG
WKHVHFRUH]RQHVZHUHJUDGHGDQGDVVHVVHGDFFRUGLQJ
WRWKHGHOWDYDOXHVIRUSUREDELOLW\LQGH[RIFRQQHF
WLYLW\ dPC  ZKLFK ZHUH FDOFXODWHG E\ LQSXWWLQJ
&RQHIRU (FRORJLFDO VRXUFH UHJLRQV ZLWK KLJK
dPCYDOXHVZHUHDQDO\]HGDVWKHEXIIHU]RQHVWRIXU
WKHU SHUIHFW WKH HYDOXDWLRQ LQGH[ V\VWHP 7KURXJK
UHDVRQDEOHVHWWLQJRIZHLJKWVFRUUHODWLRQIDFWRUVWR
SRJUDSK\IDFWRUVDQGODQGW\SHIDFWRUVRIHFRORJLFDO
VRXUFHUHJLRQVZHUHVXSHUSRVHGEDVHGRQ*,6WHFK
QRORJ\,QDFFRUGDQFHZLWKDQDO\VLVDQGFDOFXODWLRQ
WKHXUEDQDJJORPHUDWLRQRIWKH+DUELQ'DTLQJ4LTL
KDULQGXVWULDOFRUULGRUZDVGLYLGHGDFFRUGLQJWRHFR
ORJLFDOVHQVLWLYLW\WRSURYLGHUHIHUHQFHVIRUHFRORJL
FDOSODQQLQJDQGUHVWRUDWLRQLQROGLQGXVWULDOFLWLHV
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6WXG\DUHD7KH+DUELQ'DTLQJ4LTLKDULQGXV
WULDO FRUULGRU LV DQ LPSRUWDQW LQGXVWULDO HFRQRPLF
]RQHLQWKHVRXWKZHVWSRUWLRQRI+HLORQJMLDQJ3URY
LQFH7KHDUHDEHORQJVWRWKHWHPSHUDWHFRQWLQHQWDO
PRQVRRQ FOLPDWH ZLWK ORQJ DQG FROG ZLQWHUV WKDW
ODVWIRUDERXWPRQWKV7KHWRWDODUHDRIWKHVWXG\
DUHDLVDERXWKP DFFRXQWLQJIRURI
WKHWRWDODUHDRI+HLORQJMLDQJ3URYLQFH,QWKHSUR
FHVVRIUDSLGXUEDQL]DWLRQWKHGHYHORSPHQWRILQGXV
WULDOFLWLHVFDXVHVHQYLURQPHQWSROOXWLRQDWDODUJHU
VFDOHDQGDPRUHVHULRXVGHJUHHWKDQLQRUGLQDU\FLW
LHV )RUPXODWLQJ HFRORJLFDO HYDOXDWLRQ IDFWRUV UHD
VRQDEO\IRUHFRORJLFDOVHQVLWLYLW\DQDO\VLVLVRIVLJ
QLILFDQWLPSRUWDQFHWRWKHHFRORJLFDOSODQQLQJRIFLW
LHV

'DWDVRXUFHDQGSUHSURFHVVLQJ/DQGVDWVDW
HOOLWH UHPRWH VHQVLQJ LPDJHV LQ  ZKLFK FRYHU
WKH XUEDQ DJJORPHUDWLRQ LQ WKH VWXG\ DUHD ZHUH
GRZQORDGHG IURP 86*6 DFFXUDF\ P  $OO
GRZQORDGHGLPDJHVZHUHSUHSURFHVVHGE\(19,
LQFOXGLQJ UDGLRPHWULF FDOLEUDWLRQ DWPRVSKHULF FRU
UHFWLRQ ZDYHEDQG LQWHJUDWLRQ DQG WDLOLQJ DQG
PDWFKLQJ,PDJHVRIGLIIHUHQWFLWLHVZLWKLQWKHVWXG\
DUHD ZHUH FRPELQHG (OHPHQW H[WUDFWLRQ DQG DFFX
UDF\YHULILFDWLRQZHUHSHUIRUPHGEDVHGRQPD[LPXP
OLNHOLKRRG PHWKRG (UURUV ZHUH FRUUHFWHG WKURXJK
ILHOGVXUYH\,QDFFRUGDQFHZLWKUHVHDUFKQHHGVWKH
VWXG\DUHDZDVGLYLGHGLQWRVL[ODQGW\SHVZDWHUDU
HDVFXOWLYDWHGODQGIRUHVWODQGJUDVVODQGFRQVWUXF
WLRQODQGDQGXQXVHGODQG'LJLWDOHOHYDWLRQPRGHOV

'(0 IURP KWWSZZZJVFORXGFQ DFFX
UDF\ P RIWKHVWXG\DUHDZHUHGRZQORDGHGIRU
WDLOLQJV DQG PDWFKLQJ 7KH HOHYDWLRQ VORSH DQG
VORSH GLUHFWLRQ RI WKH VWXG\ DUHD ZHUH DQDO\]HG
WKURXJK*,6WHFKQRORJ\


0$7(5,$/6$1'0(7+2'6

(FRORJLFDOVHQVLWLYLW\JUDGLQJDQGZHLJKWVHW
WLQJ :LWK UHIHUHQFHV WR HFRORJLFDO HQYLURQPHQWDO
TXDOLW\ VFRULQJ VWDQGDUGV LQGXVWULDO VWDQGDUGV DQG
GHVLJQ VWDQGDUGV IRUPXODWHG E\ GLIIHUHQW FRXQWULHV
DQGUHJLRQVEDVHGRQSUHYLRXVVWXGLHV>@HFR
ORJLFDOVHQVLWLYLW\LQWKHHFRORJLFDOIXQFWLRQDOSODQ
QLQJ LV GLYLGHG LQWR ILYH OHYHOV ZKLFK DUH YDOXHG
IURP±LQVHQVLWLYLW\±ORZVHQVLWLYLW\±PRG
HUDWHVHQVLWLYLW\±KLJKVHQVLWLYLW\DQG±H[WUHPH
VHQVLWLYLW\ ,Q FRPELQDWLRQ ZLWK UHIHUHQFHV WKH
ZHLJKWVRIHYDOXDWLRQIDFWRUVZHUHVHWWKURXJKDQD
O\WLFKLHUDUFK\SURFHVV7KHHFRORJLFDOVHQVLWLYLW\RI
WKHVWXG\DUHDZDVHYDOXDWHGEDVHGRQVRXUFHFRRU
GLQDWLRQ(FRORJLFDOHOHPHQWIDFWRUVWDNHDGHFLVLYH
UROHDQGKDYHDUHODWLYHO\KLJKZHLJKW  $PRQJ
HFRORJLFDOHOHPHQWIDFWRUVVRXUFHUHJLRQVKDYHLP
SRUWDQW VLJQLILFDQFH WR ELRGLYHUVLW\ SURWHFWLRQ DQG
WKHLUHFRORJLFDOEHQHILWLVKLJKHUWKDQWKDWRIEXIIHU
]RQH7KHZHLJKWRI WKH VRXUFH UHJLRQ LV DQG
WKHZHLJKWRIWKHEXIIHU]RQHLV/DQGXVHW\SH
SUHVHQWVKDELWDW VXLWDELOLW\ GLVWULEXWLRQ LQ WKH VWXG\
DUHDDQGLWVZHLJKWLV7RSRJUDSK\DQGHOHYDWLRQ
FDQ LQIOXHQFH VSHFLHV PLJUDWLRQ DQG GLIIXVLRQ DQG
HQHUJ\IORZRIHFRV\VWHP>@DQGWKHLUZHLJKWLV
6SHFLILFDOO\ WKH ZHLJKWV RI HOHYDWLRQ VORSH DQG
VORSHGLUHFWLRQDUHHDFK

([WUDFWLRQDQGJUDGLQJRIHYDOXDWLRQIDFWRUV
  (FRORJLFDO HOHPHQW IDFWRUV (FRORJLFDO VRXUFH
H[WUDFWLRQEDVHGRQ063$(FRORJLFDOHOHPHQWVDF
FRXQWIRUDUHODWLYHO\KLJKZHLJKWLQHYDOXDWLRQVWXG
LHV EHFDXVH RI WKH PDQ\ PRXQWDLQV ZHWODQGV DQG
RWKHUQDWXUDOUHVHUYHVLQWKHVWXG\DUHDDVREWDLQHG
WKURXJK ILHOG VXUYH\V 6FLHQWLILF H[WUDFWLRQ RI HFR
ORJLFDOVRXUFHUHJLRQVLVLPSRUWDQWDQG063$LVD
UHODWLYHO\ PDWXUH WHFKQRORJLFDO PHDQ DW SUHVHQW
%DVHGRQWKHFRQQHFWLYLW\RIDQHFRORJLFDOVWUXFWXUH
063$UHFRJQL]HVHFRORJLFDOJULGVLQWKHUHJLRQRQ
WKHEDVLVRIPRUSKRORJ\DQGPDWKHPDWLFDOSULQFLSOH
:DWHUDUHDVIRUHVWODQGDQGJUDVVODQGVZHUHLQSXW
LQWR*XLGRVDVELQDUL]DWLRQPDSVRIQDWXUDOHFRORJL
FDO HOHPHQW IRUHJURXQG>@ DQG  ODQGVFDSH W\SHV
ZHUHUHFRJQL]HGQDPHO\FRUH]RQHEULGJHUHJLRQ
LVOHWHGJHORRSEUDQFKDQGSHUIRUDWLRQ )LJXUH 
,QDFFRUGDQFHZLWKUHVHDUFKQHHGVWKHFRUH]RQHVLQ
IDYRU RI ELRGLYHUVLW\ SURWHFWLRQ ZHUH H[WUDFWHG
ZKLFKJHQHUDOO\LQFOXGHODUJHVFDOHKDELWDWSODTXHV
7KHODUJHVFDOHKDELWDWSODTXHKDVUHODWLYHO\KLJK




E\363 

9ROXPH±1RSDJHV



                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ



),*85(
7RSRJUDSKLFFRQGLWLRQVRIWKH+DUELQ'DTLQJ4LTLKDULQGXVWULDOFRUULGRUDQGODQGXVHW\SHVLQ





),*85(
&ODVVQDPHVFRORUFRGHVDQGE\WHYDOXHVIRU063$DQGRWKHUSHUSL[HOFDWHJRULHV

HFRORJLFDO EHQHILWV DQG SOD\V DQ LPSRUWDQW UROH LQ
KDELWDWFRQVHUYDWLRQ
/DQGVFDSH FRQQHFWLYLW\ LV DQ LPSRUWDQW LQGH[
WRPHDVXUHWKHFRUUHODWLRQGHJUHHRIHFRORJLFDOSUR
FHVVHV 7KH SUREDELOLW\ LQGH[ RI FRQQHFWLYLW\ 3& 
ZDVXVHGWRFRQVLGHUVSHFLHVPLJUDWLRQDQGGLIIXVLRQ
FDSDFLW\FRPSUHKHQVLYHO\7KHGHOWDYDOXHVIRUSURE
DELOLW\LQGH[RIFRQQHFWLYLW\ dPC ZHUHXVHGWRUH
IOHFWLPSRUWDQFHGHJUHHRISODTXHV7KHIRUPXODLV
n

PC
dPC

ZKHUH Q LV WKH WRWDO QXPEHU RI SODTXHV LQ WKH
VWXG\ DUHD a i  DQG a j  DUH DUHDV RI SODTXH L DQG

SODTXH M AL  LV WKH RYHUDOO DUHD RI WKH VWXG\LQJ

SODTXH

PCremove  UHIHUVWRWKHODQGVFDSHFRQQHFWLYLW\DIWHU

n

WKH UDQGRP SODTXH L LV HOLPLQDWHG 2Q WKH EDVLV RI
SUHYLRXVVWXGLHV>@WKHH[WUDFWHGFRUH]RQHVZHUH
LQSXW LQWR &RQHIRU 7KH FRQQHFWLQJ GLVWDQFH
WKUHVKROG RI SODTXHV DQG WKH SUREDELOLW\ LQGH[ RI
FRQQHFWLYLW\ZHUHVHWWRPDQGUHVSHFWLYHO\
dPCRISODTXHVLQWKHFRUH]RQHZDVFDOFXODWHGWKXV
UHDOL]LQJHFRORJLFDOVHQVLWLYLW\JUDGLQJLQFRUH]RQHV

aa P
j  i j ij

AL

 UHIHUVWRWKHPD[LPXPSRVVLELOLW\IRU

VSHFLHVGLIIXVLRQEHWZHHQSODTXHLDQGSODTXHMDQG

¦ ¦
i 

Pij

  

PC  PCremove

PC
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6HWWLQJRIEXIIHU]RQHVLQHFRORJLFDOVRXUFHUH
JLRQV5HJLRQVZLWKODUJHdPCDUHJHQHUDOO\ODUJH
VFDOH PRXQWDLQV IRUHVW ODQGV RU QDWXUDO ZHWODQGV
7KHHFRORJLFDOVHQVLWLYLW\RIEXIIHU]RQHVLQDFHUWDLQ
VFRSHGHVHUYHV DV PXFK DWWHQWLRQ DV WKH HFRORJLFDO
SODTXHV 5HJLRQV WKDW DUH FORVH WR WKH HFRORJLFDO
VRXUFHUHJLRQVVKDOOEHYLHZHGDVH[WUHPHVHQVLWLY
LW\ ]RQHV 'HYHORSPHQW DQG FRQVWUXFWLRQ VKDOO EH
SURKLELWHG LQ WKHVH UHJLRQV>@ ,Q DFFRUGDQFH
ZLWKUHVHDUFKQHHGVPXOWLOD\HUEXIIHU]RQHVZHUHVHW
LQWKHFRUH]RQHVZKLFKDUHH[WUDFWHGE\063$>@
DQG HFRORJLFDO VHQVLWLYLW\ JUDGLQJ HYDOXDWLRQ ZDV
LPSOHPHQWHG

 /DQGW\SHIDFWRUV,QFRPELQDWLRQZLWKWKH
LQWHUSUHWDWLRQUHVXOWVRIUHPRWHVHQVLQJLPDJHVRIXU
EDQDJJORPHUDWLRQLQWKH+DUELQ'DTLQJ4LTLKDULQ
GXVWULDO FRUULGRU QDWXUDO IRUHVW ODQGV DQG ZHWODQG
ZDWHUDUHDVKDYHH[WHQVLYHDQGODUJHVFDOHGGLVWULEX
WLRQV 7KH\ DUH H[WUHPHO\ LPSRUWDQW HFRORJLFDO
VRXUFHUHJLRQVZLWKUHODWLYHO\KLJKZDWHUDQGHFRORJ
LFDO HFRV\VWHP FRQVHUYDWLRQ QHHGV +HQFH IRUHVW
ODQG DQGZDWHU UHJLRQV DUHGHWHUPLQHG DVH[WUHPH
VHQVLWLYLW\UHJLRQVZKLOHVFDUFHJUDVVODQGVDQGIRU
HVWODQGVDUHGHWHUPLQHGDVKLJKVHQVLWLYLW\UHJLRQV
&XOWLYDWHGODQGVKDYHPDQ\PDQPDGHLQWHUIHUHQFHV
DQGDUHGHWHUPLQHGDVPRGHUDWHVHQVLWLYLW\UHJLRQV
0RVW RI WKH XQXVHG ODQGV DUH QRQKDELWDW HOHPHQWV
DQGGHWHUPLQHGDVORZVHQVLWLYLW\UHJLRQV&RQVWUXF
WLRQ ODQGV DUH PDLQO\ KDUG VXUIDFHV WKDW KDYH UHOD
WLYHO\KLJKDUWLILFLDOFRQVWUXFWLRQLQWHQVLW\DQGWKH\
DUHPDLQO\GHWHUPLQHGDVLQVHQVLWLYLW\UHJLRQV7KH
DWWULEXWHV HJDUHD RIGLIIHUHQWUHJLRQVZHUHFDOFX
ODWHGWKURXJK*,6

 7RSRJUDSKLFIHDWXUHIDFWRUV7RSRJUDSKLF
UHOLHI FDQ LQIOXHQFH HFRORJLFDO SURWHFWLRQ DQG UH
JLRQDO GHYHORSPHQW FRQVWUXFWLRQ7RSRJUDSKLF IHD
WXUHIDFWRUVDUHDQLPSRUWDQWFRPSRQHQWLQHFRORJL
FDOVHQVLWLYLW\HYDOXDWLRQ7KHGRZQORDGHG'(0RI
FLWLHVLQWKHVWXG\DUHDZDVFXWDQGPDWFKHG)XQGD
PHQWDOGDWDRIHOHYDWLRQVORSHDQGVORSHGLUHFWLRQ
LQWKHVWXG\DUHDZHUHREWDLQHGWKURXJK*,6DQDO\VLV

7KH HFRORJLFDO VHQVLWLYLW\ RI HOHYDWLRQ VORSH DQG
VORSHGLUHFWLRQZDVJUDGHGDQGHYDOXDWHGUHDVRQDEO\


5(68/76 

/DQGXVHVWDWXVRIWKH+DUELQ'DTLQJ4LTL
KDULQGXVWULDOFRUULGRU7KHJULGDWWULEXWHWDEOHZDV
REWDLQHG WKURXJK JHRPHWULF DQG TXDQWLW\ VWDWLVWLFDO
DQDO\VLV RI *,6 5HVXOWV VKRZ WKDW FXOWLYDWHG ODQG
DQGFRQVWUXFWLRQODQGDUHWKHPDLQODQGXVHW\SHVLQ
WKH+DUELQ'DTLQJ4LTLKDULQGXVWULDOFRUULGRU)RU
HVW ODQGV FRQFHQWUDWH LQ PRXQWDLQRXV UHJLRQV LQ
$FKHQJ'LVWULFW+DUELQLQWKHHDVWRIWKHVWXG\DUHD
ZKHUHPDQ\SODTXHVDQGVHULRXVZDWHU±VRLOORVVDQG
KDELWDWIUDJPHQWDWLRQDUHREVHUYHG7KHZDWHUDUHD
LVPDLQO\FRPSRVHGRI6RQJKXD5LYHU%DVLQ'DTLQJ
:HWODQGDQG1HQ5LYHU%DVLQLQ4LTLKDU$WWHQWLRQ
QHHGVWREHSDLGWRKDELWDWSURWHFWLRQDQGFRQVWUXF
WLRQFRQFHVVLRQLQEXIIHU]RQHVLQIXWXUHSODQV7KH
DUHD YDOXHV LQ7DEOH  DUH H[SUHVVHG LQ WKH XQLW RI
NP GXH WR WKH ODUJH UHVHDUFK VFRSH DQG WR DYRLG
FRPSOLFDWHGSURFHVVHV

(YDOXDWLRQ RI HFRORJLFDO HOHPHQW IDFWRUV
(FRORJLFDOVRXUFHUHJLRQVZHUHH[WUDFWHGLQ*XLGRV
EDVHGRQ063$DQGWKHQLQSXWLQWR&RQHIRUWKXV
REWDLQLQJWKHdPCRISODTXHVLQWKHFRUH]RQHV )LJ
XUH   ,Q DFFRUGDQFH ZLWK WKH UHVHDUFK QHHGV WKH
HFRORJLFDO FRQVHUYDWLRQ VRXUFH UHJLRQV RI FRUH
SODTXHVLQWKHVWXG\DUHDVZHUHJUDGHGDQGHYDOXDWHG
 H[WUHPHO\ LPSRUWDQW FRUH ]RQHV dPC !
YDOXH   H[WUHPH VHQVLWLYLW\  OHYHO  FRUH ]RQHV
!dPC !YDOXH   KLJKVHQVLWLYLW\ OHYHO
FRUH]RQHV !dPC !YDOXH   PRGHUDWH
VHQVLWLYLW\  OHYHO  FRUH ]RQHV !dPC
YDOXH   ORZ VHQVLWLYLW\  DQG RWKHUV YDOXH  
LQVHQVLWLYLW\ 7KHHFRORJLFDOVHQVLWLYLW\HYDOXDWLRQ
RIHFRORJLFDOVRXUFHUHJLRQVZDVFRQGXFWHGWKURXJK
VLQJOHIDFWRUJUDGLQJHYDOXDWLRQ )LJXUH 





7$%/(
/DQGXVHW\SHVDQGSURSRUWLRQRIDUHDVLQWKH+DUELQ'DTLQJ4LTLKDULQGXVWULDOFRUULGRU
$WWULEXWHV :HWODQG &XOWLYDWHG
)RUHVW
*UDVVODQG &RQVWUXFWLRQ
8QXVHG
7RWDO
$UHDNP
3URSRU
WLRQ

ODQG

ODQG












$PRXQWRI



SODTXH



ODQG

ODQG































E\363 

9ROXPH±1RSDJHV



                    )UHVHQLXV(QYLURQPHQWDO%XOOHWLQ



),*85(
dPCRISODTXHVLQFRUH]RQHVRIWKHVWXG\DUHDRQWKHEDVLVRI063$



),*85(
*UDGLQJHYDOXDWLRQRIHFRORJLFDOVRXUFHODQGVLQWKHVWXG\DUHDDQGHFRORJLFDOVHQVLWLYLW\YDOXHV
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),*85(
*UDGLQJHYDOXDWLRQRIEXIIHU]RQHVLQVRXUFHUHJLRQVLQWKHVWXG\DUHDDQG 
HFRORJLFDOVHQVLWLYLW\HYDOXDWLRQV

7$%/(
(FRORJLFDOVHQVLWLYLW\HYDOXDWLRQRIHFRORJLFDOHOHPHQWIDFWRUVLQWKHVWXG\DUHDDQGSURSRUWLRQVRIDUHDV
)DFWRUV

$WWULEXWHV

±LQVHQVLWLYLW\

±ORZ

±PRGHUDWH

±KLJK

VHQVLWLYLW\

VHQVLWLYLW\

VHQVLWLYLW\

G3&

G3&





6WDQGDUG

1RQFRUH]RQHV

G3&

$UHDNP









3URSRUWLRQ







6WDQGDUG

!P

$UHDNP
3URSRUWLRQ


&RUH
]RQHV

%XIIHU
]RQHV


±H[WUHPH :HLJKW
VHQVLWLYLW\
G3&

















±P

±P

±P

P




























7$%/(
(FRORJLFDOVHQVLWLYLW\HYDOXDWLRQRIODQGW\SHIDFWRUVLQWKHVWXG\DUHDDQGSURSRUWLRQVRIDUHDV
)DFWRUV

$WWULEXWHV

±LQVHQVLWLY

±ORZ

±PRGHU

±KLJK

±H[

LW\

VHQVLWLYLW\

DWHVHQVL

VHQVLWLYLW\

WUHPHVHQ

WLYLW\


6WDQGDUG

&RQVWUXFWLRQ

8QXVHG

&XOWLYDWHG

ODQG

ODQG

ODQG

:HLJKW

VLWLYLW\
*UDVVODQG

:HWODQG
)RUHVWODQG



/DQGW\SH

$UHDNP















3URSRUWLRQ
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),*85(
/DQGW\SHJUDGLQJHYDOXDWLRQRIWKHVWXG\DUHDDQGHFRORJLFDOVHQVLWLYLW\HYDOXDWLRQ

,QH[WUHPHO\LPSRUWDQWFRUH]RQHVOHYHOFRUH
&RPSUHKHQVLYHHFRORJLFDOVHQVLWLYLW\HYDOXD
]RQHVDQGOHYHOFRUH]RQHVWKHDQG
WLRQLQWKHVWXG\DUHD2QWKHEDVLVRISUHYLRXVUH
PEXIIHU]RQHVZHUHDQDO\]HG7KHPEXIIHU
VXOWVWKHVLQJOHIDFWRUHFRORJLFDOVHQVLWLYLW\DQDO\VLV
]RQHVKDGDYDOXHRI H[WUHPHVHQVLWLYLW\ 7KH±
VKRZV WKDW KLJKVHQVLWLYLW\ DQG H[WUHPHVHQVLWLYLW\
PEXIIHU]RQHVKDGDYDOXHRI KLJKVHQVLWLYLW\ 
UHJLRQV LQ HFRORJLFDO VRXUFH UHJLRQV DFFRXQW IRU D
7KH±PEXIIHU]RQHVKDGDYDOXHRI PRG
KLJKHUSURSRUWLRQWKDQPRGHUDWHVHQVLWLYLW\DQGORZ
HUDWHVHQVLWLYLW\ 7KH±PEXIIHU]RQHVKDGD
VHQVLWLYLW\UHJLRQVRIWKHVWXG\DUHDDQGWKHLURYHUDOO
YDOXHRI ORZVHQVLWLYLW\ 7KHPEXIIHU]RQHV
VHQVLWLYLW\RIHFRORJLFDOHOHPHQWIDFWRUVLVUHODWLYHO\
ZKLFKDUHUHODWLYHO\IDUDZD\IURPWKHVRXUFHUHJLRQV
KLJK$PRQJODQGW\SHVFXOWLYDWHGODQGLVDPRGHU
DQG KDYH IHZ LQIOXHQFHV IURP PDQPDGH LQWHUIHU
DWHVHQVLWLYLW\UHJLRQDQGLWVRYHUDOOHFRORJLFDOVHQ
HQFHVKDGDYDOXHRI LQVHQVLWLYLW\  )LJXUH 
VLWLYLW\RIODQGW\SHIDFWRUVLVPRGHUDWH7KH+DUELQ
,QDFFRUGDQFHZLWKWKHDQDO\VLVDQGHYDOXDWLRQ
'DTLQJ4LTLKDULQGXVWULDOFRUULGRULVORFDWHGLQWKH
UHVXOWVRIHFRORJLFDOVRXUFHUHJLRQVDQGEXIIHU]RQHV
1RUWKHDVW&KLQD3ODLQDQGWKHRYHUDOOVHQVLWLYLW\RI
WKH UHOHYDQW HYDOXDWLRQ FRQWHQWV RI HFRORJLFDO HOH
WRSRJUDSKLF IHDWXUH IDFWRUV LV UHODWLYHO\ ORZ,Q DF
PHQW IDFWRUV EDVHG RQ *,6 FRPSXWLQJ DUH VXPPD
FRUGDQFHZLWKUHVHDUFKQHHGVVLQJOHIDFWRUJUDGLQJ
UL]HGLQ7DEOHZLWKUHIHUHQFHWRSUHYLRXVVWXGLHV
HYDOXDWLRQ RI JULG GDWD ZDV VXPPDUL]HG XQLIRUPO\
DQGWKHJULGGDWDZHUHVXSHUSRVHGYHUWLFDOO\DFFRUG

(YDOXDWLRQRIODQGW\SHIDFWRUV,QFRPELQD
LQJWRZHLJKWVLQWKH*,6JULGFDOFXODWRU$FFRUGLQJ
WLRQZLWKWKHLQWHUSUHWDWLRQUHVXOWVRIWKHVWXG\DUHD
WR WKH QDWXUDO EUHDNV SRLQW FODVVLILFDWLRQ PHWKRG
HFRORJLFDOVHQVLWLYLW\]RQLQJZDVSHUIRUPHGLQFRQ
-HQNV  WKH FRPSUHKHQVLYH HFRORJLFDO VHQVLWLYLW\
VWUXFWLRQODQGVXQXVHGODQGVFXOWLYDWHGODQGVJUDVV
HYDOXDWLRQDQGJUDGLQJYDOXHVRIWKHVWXG\DUHDZHUH
ODQGVZDWHUDUHDVDQGIRUHVWODQGV7KHDWWULEXWHVRI
REWDLQHG )LJXUHDQG7DEOH 
GLIIHUHQWUHJLRQV HJDUHD ZHUHFDOFXODWHGWKURXJK
7KHVWXG\DUHDLVPDLQO\LQLQVHQVLWLYLW\UHJLRQV
*,6 7DEOH 7KHHYDOXDWLRQUHVXOWVDUHVKRZQLQ
DQGORZVHQVLWLYLW\UHJLRQVVKRZLQJVLJQLILFDQWUH
)LJXUH
JLRQDO GLIIHUHQFHV 7KH LQVHQVLWLYLW\ UHJLRQV DUH
PDLQO\LQFHQWUDOXUEDQDUHDVRI+DUELQ'DTLQJDQG

(YDOXDWLRQRIWRSRJUDSKLFIHDWXUHIDFWRUV,Q
4LTLKDUZKLFKKDYHDIODWWRSRJUDSK\DQGUDGLDOGLV
FRPELQDWLRQZLWKWKHDQDO\VLVUHVXOWVRI'(0GDWD
WULEXWLRQV6RPHLQVHQVLWLYLW\UHJLRQVDUHVFDWWHUHGLQ
LQ *,6 WKH YDOXHV RI WRSRJUDSKLF HOHYDWLRQ VORSH
VRPHFRQVWUXFWLRQODQGVRIXUEDQ±UXUDOERUGHUVDQG
DQGVORSHGLUHFWLRQZHUHJLYHQDQGFDOFXODWHG 7DEOH
UXUDODUHDV&XOWLYDWHGODQGVZLWKVWURQJPDQPDGH
 (FRORJLFDOVHQVLWLYLW\JUDGLQJHYDOXDWLRQRIWRSR
LQWHUIHUHQFHVDUHWKHPDMRUORZLQVHQVLWLYLW\UHJLRQ
JUDSKLFIHDWXUHIDFWRUVZDVFRQGXFWHG )LJXUH 
0RGHUDWHVHQVLWLYLW\UHJLRQVDUHPDLQO\VFDUFHIRU
HVWDQGJUDVVODQGVZLWKH[WHQVLYHGLVWULEXWLRQKLJK

IUDJPHQWDWLRQDQGKLJKODQGVFDSHKHWHURJHQHLW\
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*UDGLQJHYDOXDWLRQRIHOHYDWLRQVORSHDQGVORSHGLUHFWLRQLQWKHVWXG\DUHDDQG 
HFRORJLFDOVHQVLWLYLW\HYDOXDWLRQ
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6RPH PRGHUDWHVHQVLWLYLW\ UHJLRQV DUHGLVWULE
&21&/86,216
XWHG LQ ]RQHV ZLWK VPDOO WRSRJUDSKLF UHOLHI DW WKH

RXWHU HGJHV RI PRXQWDLQV DQG WKH 6RQJKXD 5LYHU
7KH VHOHFWLRQ DQG GLVWULEXWLRQ RI HFRORJLFDO
ZHWODQGEDVLQZKLFKFURVVHVWKHFHQWHURIWKHPDLQ
VRXUFH UHJLRQV DUH DQ LPSRUWDQW FRPSRQHQW LQ UH
XUEDQ DUHD RI +DUELQ ([WUHPHVHQVLWLYLW\ UHJLRQV
JLRQDO HFRORJLFDO VHQVLWLYLW\ HYDOXDWLRQ 7KH GHWHU
DFFRXQWIRURIWKHWRWDOVWXG\DUHDZKLFKLV
PLQDWLRQSULQFLSOHQHHGVWREHVFLHQWLILFDQGV\VWHP
KLJKHUWKDQWKDWRIKLJKVHQVLWLYLW\UHJLRQV$WWHQWLRQ
DWLF (FRORJLFDO VRXUFH UHJLRQV DUH GHWHUPLQHG E\
QHHGVWREHSDLGWRH[WUHPHVHQVLWLYLW\UHJLRQV([
063$ DQG dPC WRJHWKHU ZKLFK FRQVLGHUV WKH SUR
WUHPHVHQVLWLYLW\ UHJLRQV DUH PDLQO\ GLVWULEXWHG LQ
WHFWLRQRILPSRUWDQWHFRORJLFDOKXESODTXHV(FRORJ
WKH'DTLQJ:HWODQGJURXSWKHODUJHVFDOH6RQJKXD
LFDO VRXUFH UHJLRQV KDYH HYLGHQW JHRJUDSKLFDO IHD
5LYHUZHWODQGEDVLQQRUWKRIWKHPDLQXUEDQDUHDRI
WXUHVDQGJHQHUDOO\PDQLIHVWDVQDWXUDOIRUHVWRUZD
+DUELQDQGWKHPRXQWDLQRXVUHJLRQVLQ$FKHQJ'LV
WHUDUHDV6SHFLDODWWHQWLRQPXVWEHSDLGWRWKHIRU
WULFWRQWKHHDVWRIWKHPDLQXUEDQDUHDRI+DUELQ,Q
PXODWLRQ RI UHOHYDQW ODZV DQG UHJXODWLRQV DQG WKH
WKHVH UHJLRQV IRUHVW ODQGV DQG ZDWHU DUHDV DUH WKH
SURKLELWLRQRIUDQGRPGHYHORSPHQWDQGFRQVWUXFWLRQ
PDMRUODQGXVHW\SHVKDYLQJDFRPSOLFDWHGWRSRJUD
LQEXIIHU]RQHVZLWKLQDFHUWDLQVFRSH:LWKFRPSUH
SK\DQGVLJQLILFDQWHOHYDWLRQGLIIHUHQFHV7KHKLJK
KHQVLYHFRQVLGHUDWLRQRIWKHHFRORJLFDOFRQVHUYDWLRQ
VHQVLWLYLW\ UHJLRQV DUH QDWXUDO ZHWODQGV ZLWK D
YDOXHDQGHFRORJLFDOVHQVLWLYLW\ZHLJKWVRIHFRORJL
VPDOOHU SODTXH DUHD DQG ORZHU dPC WKDQ H[WUHPH
FDOVRXUFHUHJLRQVDQGUHOHYDQWEXIIHU]RQHVHFRORJ
VHQVLWLYLW\ UHJLRQV 7KHVH UHJLRQV DUH PDLQO\ VFDW
LFDO HOHPHQW IDFWRUV ZHUH DQDO\]HG WRJHWKHU ZLWK
WHUHGLQXUEDQ±UXUDOERUGHUVDQGWKH\VXUURXQGZHW
ODQGW\SHIDFWRUVDQGWRSRJUDSKLFDOIHDWXUHIDFWRUV
ODQGVLQODUJHVFDOHH[WUHPHVHQVLWLYLW\UHJLRQV/R
(FRORJLFDOVHQVLWLYLW\DQDO\VLVUHVXOWVZHUHREWDLQHG
FDOODUJHVFDOHVFDUFHIRUHVWDQGJUDVVODQGVDUHIRXQG
EDVHG RQ VRXUFH FRRUGLQDWLRQ 7KLV SHUVSHFWLYH LV
QRUWKRIWKHVWXG\DUHDLQ1HQ5LYHU%DVLQLQ4LTL
PRUHVFLHQWLILFWKDQWUDGLWLRQDOVLQJOHIDFWRUHFRORJ
KDUQRUWKZHVWRIWKHVWXG\DUHDDQG6RQJKXD5LYHU
LFDO VHQVLWLYLW\ HYDOXDWLRQ 6XEVHTXHQW HFRORJLFDO
EDVLQVRXWKRIWKHPDLQXUEDQDUHDVRI+DUELQ 7DEOH
SODQQLQJ PXVW DYRLG PDQPDGH GLVWXUEDQFHV DQG
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&RPSUHKHQVLYHHFRORJLFDOVHQVLWLYLW\JUDGLQJHYDOXDWLRQDQGYDOXHVLQWKHVWXG\DUHD




 $FFRUGLQJWRWKHFRPSUHKHQVLYHHFRORJLFDO
VHQVLWLYLW\ HYDOXDWLRQ UHVXOWV LQVHQVLWLYLW\ UHJLRQV
FRYHUWKHGHQVHFRQVWUXFWLRQODQGVLQWKHFHQWUDOXU
EDQ DUHDV RI +DUELQ 'DTLQJ DQG 4LTLKDU /DUJH
VFDOH KDUG VXUIDFHV DUH IRXQG LQ XUEDQ DUHDV DQG
JUHHQLQIUDVWUXFWXUHVDUHPDLQO\DUWLILFLDOJUHHQODQG
RU UHVHUYRLUV ZLWK PDWXUH PDLQWHQDQFH DQG SURWHF
WLRQV\VWHPVDQGVWDEOHHFRORJLFDOEHQHILWV7KHVHDU
WLILFLDOJUHHQODQGRUUHVHUYRLUVDUHKDUGO\GDPDJHG
E\KXPDQDFWLYLWLHVWKXVEHLQJGHWHUPLQHGDVLQVHQ
VLWLYLW\UHJLRQV,QIROORZXSHFRORJLFDOSODQQLQJLQ
LQVHQVLWLYLW\UHJLRQVDWWHQWLRQPXVWEHSDLGWRUHJX
ODUFOHDQLQJDQGPDLQWHQDQFHRUFROODERUDWLYHFRQ
VWUXFWLRQ ZLWK DQ XUEDQ JUHHQZD\ QHWZRUN V\VWHP
VKRXOGEHDGRSWHG6SHFLILFPHDVXUHVLQFOXGHXQGHU
EULGJHPDLQWHQDQFHURRIJUHHQLQJDQGXUEDQZDWHU
IURQWHFRORJLFDOFRUULGRUFRQVWUXFWLRQ/RZLQWHQVLW\
UHJLRQVFRYHUVRPHXQXVHGODQGVLQWKHXUEDQ±UXUDO
ERUGHUVRIWKH+DUELQ'DTLQJ4LTLKDULQGXVWULDOFRU
ULGRUDQGKLJKO\IUDJPHQWHGFXOWLYDWHGODQGVLQUXUDO
DUHDV*HQHUDOO\XQXVHGODQGVKDYHDORZJUHHQLQJ
UDWHDQGSRRUHFRORJLFDOHIIHFWZKLFKVKRZVPDOOHQ
YLURQPHQWDOGLIIHUHQFHVIURPKDUGVXUIDFHVLQFHQWUDO
XUEDQ UHJLRQV &XOWLYDWHG ODQGV FDQ VWURQJO\ UHVLVW
VSHFLHVGLIIXVLRQDQGVXIIHUJUHDWPDQPDGHLQWHUIHU
HQFHV7KH ORFDO HFRV\VWHP LV LQ D UHODWLYHO\ VWDEOH
VWDWHGXHWRDUWLILFLDOFXOWLYDWLRQPDLQWHQDQFH$UERUV
FDQ EH SODQWHG LQ PDUJLQDO SRUH ]RQHV DPRQJ
SODTXHVRUWKHQDWXUDODJULFXOWXUDOODQGVFDSHFDQEH
SODQQHGZLWKFRQVLGHUDWLRQRIFXOWLYDWLRQQHHGV 
  0RGHUDWHVHQVLWLYLW\ UHJLRQV FRYHU UHOD
WLYHO\FRPSOLFDWHGODQGW\SHVLQFOXGLQJVFDUFHIRU
HVWODQGVDQGJUDVVODQGVFXOWLYDWHGODQGVPDUJLQDO
IRUHVWODQGVLQPRXQWDLQVDQGVRPH6RQJKXD5LYHU

ZHWODQG EDVLQV 6FLHQWLILF HFRORJLFDO SODQQLQJ
PHDVXUHV KDYH WR EH DGRSWHG 6SHFLILFDOO\ DUERUV
PXVWEHSODQWHGLQJUDVVODQGVWRIRUPDVWDEOHYHJH
WDWLRQ HFRORJLFDO VWUXFWXUH DQG JRRGYHJHWDWLRQ DS
SUHFLDWLRQ OD\HUV 7KHVH UHJLRQV FDQ EH GHYHORSHG
DQGFRQVWUXFWHGDSSURSULDWHO\ZKLOHPHHWLQJFRQVHU
YDWLRQQHHGV)RUH[DPSOHDVXJJHVWHGVWUDWHJ\LVWR
GHYHORS WRXULVP VLJKWVHHLQJ XQGHU WKH SUHPLVH RI
UHDVRQDEOH PDQDJHPHQW DQG WRXULVW FRQWURO WR LQ
FUHDVH UHJLRQDO HFRQRPLF EHQHILWV 0DUJLQDO IRUHVW
ODQGVRIPRXQWDLQVDUHPDLQO\EXIIHU]RQHVRIHFR
ORJLFDOVRXUFHUHJLRQVLQIRUHVWODQGVDQGVSHFLDODW
WHQWLRQQHHGVWREHSDLGWRFRQVWUXFWLRQFRQFHVVLRQ
WRSUHYHQWIXUWKHUZDWHU±VRLOORVVDQGHQYLURQPHQWDO
SROOXWLRQRIKXPDQDFWLYLWLHV,QPRGHUDWHVHQVLWLY
LW\UHJLRQV6RQJKXD5LYHU%DVLQFURVVHVWKHFHQWHU
RIWKHPDLQXUEDQUHJLRQVRI+DUELQDQGLWVH[LVWLQJ
GHYHORSPHQWOHYHOVKRXOGEHPDLQWDLQHG)XUWKHUH[
SDQVLRQDQGFRQVWUXFWLRQWRZDUGWKH6RQJKXD5LYHU
%DVLQPXVWEHSURKLELWHGVWULFWO\WRDVVXUHWKHVWDELO
LW\RIWKHHFRV\VWHPLQWKHUHJLRQ
 +LJKVHQVLWLYLW\UHJLRQVDUHPDLQO\QDWXUDO
ZHWODQGVLQFOXGLQJWKH'DTLQJ:HWODQG*URXS1HQ
5LYHU %DVLQ LQ 4LTLKDU DQG 6RQJKXD 5LYHU %DVLQ
VRXWKRIWKHPDLQXUEDQDUHDRI+DUELQ7KHHFRV\V
WHPLQWKHVHUHJLRQVLVHDVLO\GLVUXSWHGE\KXPDQDF
WLYLWLHVDQGZDWHUHFRORJLFDOHQYLURQPHQWDOTXDOLW\
GHFOLQHV DV D UHVXOW RI ZDWHU SROOXWLRQ 1HFHVVDU\
VWHSVLQFOXGHVWUHQJWKHQLQJWKHPDLQWHQDQFHDQGSUR
WHFWLRQRIZDWHUVRXUFHVDQGZDWHUTXDOLW\LQQDWXUDO
ZHWODQGDQGFRQVWUXFWLQJZDWHUFRQVHUYDWLRQIRUHVWV
E\ FRPELQLQJ WKH XUEDQ±UXUDO HFRORJLFDO FRUULGRU
2QWKLVEDVLVVRPHVLJKWVHHLQJDFWLYLWLHVRQGLVVHP
LQDWLRQ RI VFLHQFH FDQ EH FRQGXFWHG DSSURSULDWHO\
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7KH ZHWODQG SURWHFWLRQ DQG PDQDJHPHQW V\VWHP
QHHGV WR EH SHUIHFWHG ([WUHPHVHQVLWLYLW\ UHJLRQV
DUHGLVWULEXWHGLQWKHPRXQWDLQVRI$FKHQJ'LVWULFW
RI +DUELQ 6RQJKXD 5LYHU %DVLQ QRUWK RI WKH PDLQ
XUEDQDUHDRI+DUELQDQGWKHZHWODQGJURXSQRUWK
ZHVWRI'DTLQJ([WUHPHVHQVLWLYLW\UHJLRQVDUHHDV\
WREHLQWHUIHUHGZLWKE\DUWLILFLDOGHYHORSPHQWWKXV
VXIIHULQJ VRLO±ZDWHU ORVV YHJHWDWLRQ GDPDJHV DQG
ZDWHU SROOXWLRQ :HOOFUDIWHG ODZV DQG UHJXODWLRQV
QHHGWREHIRUPXODWHGWRSURKLELWGHYHORSPHQWDQG
FRQVWUXFWLRQLQH[WUHPHVHQVLWLYLW\UHJLRQV0RUHR
YHUDQHFRORJLFDOFRUULGRUQHWZRUNV\VWHPPXVWEH
HVWDEOLVKHGE\FRPELQLQJRWKHUHFRORJLFDOSODTXHVLQ
WKHVHUHJLRQVWRSURYLGHDSODFHIRUVSHFLHVPLJUDWLRQ
DQG GLIIXVLRQ DQG IRU HQHUJ\ H[FKDQJH DQG IORZV
WKURXJK WKH HFRORJLFDO FRUULGRU SURWHFWLRQ 2Q WKH
EDVLV RI WKH SODTXH KHWHURJHQHLW\UHODWHG WKHRU\ RI
ODQGVFDSH HFRORJ\ HFRORJLFDO UHVWRUDWLRQ PXVW SD\
VSHFLDO DWWHQWLRQ WR DSSURSULDWH YHJHWDWLRQ VXSSOH
PHQWDWLRQLQPRXQWDLQRXVUHJLRQVWRHQULFKWKHHFR
ORJLFDO VWUXFWXUH7KLV DSSURDFK FDQ QRW RQO\ PHHW
WKHHQHUJ\IORZRIHFRV\VWHPEXWDOVRHQKDQFHODQG
VFDSH KHWHURJHQHLW\ DQG SUHYHQW QDWXUDO GLVDVWHUV
VXFKDVWKHVSUHDGRIIRUHVWILUHV


$&.12:/('*(0(176

7KLVSDSHUZDVNLQGO\VXSSRUWHGE\WKH)RXQ
GDWLRQLWHPVXSSRUWHGE\WKH)XQGDPHQWDO5HVHDUFK
)XQGVIRUWKH&HQWUDO8QLYHUVLWLHV &3 


5()(5(1&(6

>@ 'DL ;< /L = /LQ 6<  $VVHVVPHQW
DQG]RQLQJRIHFRHQYLURQPHQWDOVHQVLWLYLW\IRU
DW\SLFDOGHYHORSLQJSURYLQFHLQ&KLQD6WRFKDV
WLF (QYLURQPHQWDO 5HVHDUFK$QG 5LVN$VVHVV
PHQW  
>@ %DO]DQ093LQKHLUR$00DVFDUHQKDV$
  ,PSURYLQJ HFRV\VWHP DVVHVVPHQWV LQ
0HGLWHUUDQHDQ VRFLDOHFRORJLFDO V\VWHPV D
'36,5DQDO\VLV(FRV\VWHPVDQG3HRSOH  

>@ )X&+;X<%XQG\$  0DNLQJHFR
ORJLFDOLQGLFDWRUVPDQDJHPHQWUHDG\$VVHVVLQJ
WKH VSHFLILFLW\ VHQVLWLYLW\ DQG WKUHVKROG UH
VSRQVHRIHFRORJLFDOLQGLFDWRUV(FRORJLFDO,QGL
FDWRUV  
>@ +RGJH,0F1DOO\6  (YDOXDWLQJWKHHQ
YLURQPHQWDOO\VHQVLWLYHDUHDVWKHYDOXHRIUXUDO
HQYLURQPHQWVDQGSROLF\UHOHYDQFH-RXUQDO2I
5XUDO6WXGLHV  
>@ &DUULQJWRQ '3 *DOOLPRUH 5* .XW]EDFK
-(  &OLPDWHVHQVLWLYLW\WRZHWODQGVDQG
ZHWODQG YHJHWDWLRQ LQ PLGKRORFHQH 1RUWK$I
ULFD&OLPDWH'\QDPLFV  



>@ +H3*DR-;=KDQJ:*  &KLQDLQ
WHJUDWLQJ FRQVHUYDWLRQ DUHDV LQWR UHG OLQHV IRU
VWULFWHUDQGXQLILHGPDQDJHPHQW/DQG8VH3RO
LF\
>@ )DKULJ/  5HWKLQNLQJSDWFKVL]HDQGLVR
ODWLRQ HIIHFWV WKH KDELWDW DPRXQW K\SRWKHVLV
-RXUQDORI%LRJHRJUDSK\  
>@ *LLKQHPDQQ$ .RK$ 6KHSKHUG 6  
2SWLPDO FKDUJLQJ VWUDWHJLHV XQGHU FRQIOLFWLQJ
REMHFWLYHVIRUWKHSURWHFWLRQRIVHQVLWLYHDUHDVD
FDVHVWXG\RIWKH7UDQV3HQQLQH&RUULGRU1HWZ
6SDW(FRQ  
>@ +RQJ:<-LDQJ55<DQJ&<  (V
WDEOLVKLQJ DQ HFRORJLFDO YXOQHUDELOLW\ DVVHVV
PHQW LQGLFDWRU V\VWHP IRU VSDWLDO UHFRJQLWLRQ
DQGPDQDJHPHQWRIHFRORJLFDOO\YXOQHUDEOHDU
HDVLQKLJKO\XUEDQL]HGUHJLRQV$FDVHVWXG\RI
6KHQ]KHQ &KLQD (FRORJLFDO ,QGLFDWRUV 

>@7KRPDV 0)   /DQGVFDSH VHQVLWLYLW\ WR
UDSLG HQYLURQPHQWDO FKDQJHD 4XDWHUQDU\ SHU
VSHFWLYHZLWKH[DPSOHVIURPWURSLFDODUHDV&D
WHQD  
>@6DL]+*yPH]*DUGHQHV-1XFKH3*LUyQ
$3XH\R<$ODGRV&/  (YLGHQFHRI
VWUXFWXUDOEDODQFHLQVSDWLDOHFRORJLFDOQHWZRUNV
(FRJUDSK\  
>@+DDUD$ 6WRUH 5 /HVNLQHQ 3  $QD
O\]LQJXQFHUWDLQWLHVDQGHVWLPDWLQJSULRULWLHVRI
ODQGVFDSHVHQVLWLYLW\EDVHGRQH[SHUWRSLQLRQV
/DQGVFDSH$QG8UEDQ3ODQQLQJ
>@&DUOLHU-0RUDQ-  /DQGVFDSHW\SRORJ\
DQG HFRORJLFDO FRQQHFWLYLW\ DVVHVVPHQW WR LQ
IRUP *UHHQZD\ GHVLJQ 6FLHQFH 2I 7KH 7RWDO
(QYLURQPHQW3DUW  
>@*XUUXW[DJD0/R]DQR3-'HO%*  
*,6EDVHGDSSURDFKIRULQFRUSRUDWLQJWKHFRQ
QHFWLYLW\ RI HFRORJLFDO QHWZRUNV LQWR UHJLRQDO
SODQQLQJ -RXUQDO )RU 1DWXUH &RQVHUYDWLRQ
  
>@%XQUXDPNDHZ . 0XUD\DPD<   /DQG
8VH DQG 1DWXUDO 5HVRXUFHV 3ODQQLQJ IRU 6XV
WDLQDEOH(FRWRXULVP8VLQJ*,6LQ6XUDW7KDQL
7KDLODQG6XVWDLQDELOLW\  
>@'DL/0/L6//HZLV%-  7KHLQ
IOXHQFHRI ODQGXVH FKDQJHRQ WKH VSDWLDOWHP
SRUDOYDULDELOLW\RIKDELWDWTXDOLW\EHWZHHQ
DQG  LQ 1RUWKHDVW &KLQD -RXUQDO 2I )RU
HVWU\5HVHDUFK  
>@1GXELVL)'HPHR7'LWWR1'  (Q
YLURQPHQWDOO\6HQVLWLYH$UHDV$7HPSODWH)RU
'HYHORSLQJ *UHHQZD\ &RUULGRUV /DQGVFDSH
$QG8UEDQ3ODQQLQJ  
>@+RQJ:<*XR5=6X0  6HQVLWLY
LW\HYDOXDWLRQDQGODQGXVHFRQWURORIXUEDQHFR
ORJLFDO FRUULGRUV $ FDVH VWXG\ RI 6KHQ]KHQ
&KLQD/DQG8VH3ROLF\
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$ FDVH VWXG\ RI WKH *XDQ]KRQJ7LDQVKXL (FR
QRPLF 5HJLRQ 6FLHQFH 2I7KH7RWDO (QYLURQ
PHQW  3DUW  
>@4XLQWDV6RULDQR & &DVWUR $- &DVWUR +
 ,PSDFWVRIODQGXVHFKDQJHRQHFRV\VWHP
VHUYLFHVDQGLPSOLFDWLRQVIRUKXPDQZHOOEHLQJ
LQ6SDQLVKGU\ODQGV/DQG8VH3ROLF\

>@.RQJ )+ <LQ +: 1DNDJRVKL 1  
8UEDQJUHHQVSDFHQHWZRUNGHYHORSPHQWIRUEL
RGLYHUVLW\FRQVHUYDWLRQ,GHQWLILFDWLRQEDVHGRQ
JUDSKWKHRU\DQGJUDYLW\PRGHOLQJ/DQGVFDSH
$QG8UEDQ3ODQQLQJ  
>@$WLN0,VLNOL5&2UWDFHVPH9  'HI
LQLWLRQRIODQGVFDSHFKDUDFWHUDUHDVDQGW\SHVLQ
6LGHUHJLRQ$QWDO\D7XUNH\ZLWKUHJDUGWRODQG
XVHSODQQLQJ/DQG8VH3ROLF\
>@(VEDK+&RRN($(ZDQ-  (IIHFWV
RI,QFUHDVLQJ8UEDQL]DWLRQRQWKH(FRORJLFDO,Q
WHJULW\RI2SHQ6SDFH3UHVHUYHV(QYLURQPHQWDO
0DQDJHPHQW  
>@%RUJVWURP6/LQGERUJ5(OPTYLVW7  
1DWXUH FRQVHUYDWLRQ IRU ZKDW"$QDO\VHV RI XU
EDQDQGUXUDOQDWXUHUHVHUYHVLQVRXWKHUQ6ZH
GHQ/DQGVFDSH$QG8UEDQ3ODQQLQJ

>@)DOO 3/ )DOFRQHU 6( *DOOHWWL &6  
/RQJWHUP DJUDULDQ ODQGVFDSHV LQ WKH 7URRGRV
IRRWKLOOV &\SUXV -RXUQDO 2I $UFKDHRORJLFDO
6FLHQFH  
>@&RQFHSFLRQ (' )HUQDQGH]*RQ]DOH] )
'LD] 0   3ODQW GLYHUVLW\ SDUWLWLRQLQJ LQ
0HGLWHUUDQHDQFURSODQGVHIIHFWVRIIDUPLQJLQ
WHQVLW\ILHOGHGJHDQGODQGVFDSHFRQWH[W(FR
ORJLFDO$SSOLFDWLRQV  

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
:HQ/L
&ROOHJHRI/DQGVFDSH$UFKLWHFWXUH 
1RUWKHDVW)RUHVWU\8QLYHUVLW\ 
+DUELQ+HLORQJMLDQJ±35&KLQD
HPDLO  #TTFRP



© by PSP

Volume 30– No. 04/2021 pages 3809-3816

Fresenius Environmental Bulletin

RESEARCH ON ENTERPRISE FINANCIAL MANAGEMENT
INNOVATION UNDER THE BACKGROUND OF
BIG DATA PLATFORM—BASED ON THE
PERSPECTIVE OF ECOLOGY
Haiyan Gao*
Heze University, Department of Business, Mudan District, Heze City, Shandong Province, 274000, China

management in enterprises. In order to enable stable
and long-term development of enterprises, business
leaders must balance the close relationship between
enterprise development and ecological environment
protection to promote sustainable development of
enterprises [2]. Implementing the concept of ecological awareness into business management will
definitely improve the misconduct of some enterprises that arbitrarily destroy the ecological environment for profit. Ecological management is a
management method tht uses ecological knowledge
to promote the harmony between the organization
and the corresponding human environment and the
coordination with the natural environment, and
sustainable development. It is a revolution in management science [3].
As a change in the theory of ecological management, enterprise ecological management is also
seeking enterprise development while protecting
the environment. It regards the enterprise as a living
body, and believes that a special "ecological relationship" is maintained between the enterprise and
the ecological natural environment [4-8]. The specific meaning is that the business operation must
take the protection of nature as its own responsibility, coordinate the relationship between man and
nature, and maximize the benefits of the company
while minimizing damage to nature and using resources. The company must reduce costs and save
in its work. For energy, try to use non-toxic and
harmless raw materials, rationally use waste, recycle residual products, and meet discharge standards
[9]. We must pay attention to the relationship between man and nature to achieve sustainable development of the enterprise. Only when the ecological
management of the enterprise is established on the
basis of the ecological and natural view as the core,
will sustainable development be satisfied and the
development and efficiency of the enterprise will be
practically sought [10-13]. Enterprise ecological
management is a new management model with the
ultimate goal of improving itself and the ecological
environment. In the process of business management, we must embody green and ecological management behavior (Figure 1).
The harmonious development and interde-

ABSTRACT
The total number of SMEs in China accounts
for more than 99% of the total number of enterprises in the country. How to change the costpromoting and extensive SME development model
is a strategic issue related to the comprehensive,
coordinated and sustainable development of the
economy and society. The use of modern ecological
technology to transform and reorganize the economic structure of SMEs and the realization of the
virtuous circle and sustainable development of the
large ecosystem have important theoretical and
practical significance for promoting the comprehensive, coordinated and sustainable development
of China's economy and society. This paper studies
the financial management of enterprises through
literature induction, model construction, and case
studies. The research results show that long-term
development can only be achieved through the
operation of an ecological management mechanism,
promote economic and social benefits with ecological benefits, and finally achieve economic development; the research results are important for the
full implementation of corporate ecological management, saving resources and capital, protecting
the environment, and achieving economic development. The coordinated and sustainable development of society plays a certain role in promoting.
KEYWORDS:
Ecological management, Financial management, Big
data, Perspective of Ecology

INTRODUCTION
In the 21st century, the ecological crisis is becoming more and more serious. In order to increase
productivity, enterprises focus on maximizing their
own interests, wantonly logging, developing various energy sources, and excessively squandering
effective resources [1]. In order to alleviate the
pressure on the ecological environment, we must
give full play to the positive role of ecological
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pendence between man and nature are eternal laws.
In order for mankind to develop sustainably, we
have the responsibility to protect the environment
on which we depend (Figure 2). In today’s deteriorating ecological environment, companies have the
responsibility to carry out ecological management
to the end [14-17]. Companies must break the traditional management model, pay attention to the
company’s organizational goals and the responsibil-

Fresenius Environmental Bulletin

ities of the organization in society, and better coordinate human and natural. The relationship makes
the development of the enterprise compatible with
the ecological environment [18]. And carry out
ecological management in the links of corporate
strategic ecological management, product ecological design, product ecological production, and
product ecological marketing.

(a)

(b)
FIGURE 1
Green and ecological management behavior
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FIGURE 2
Schematic diagram of circular economy material flow
ecological management realizes the sustainable
development of enterprises and ecosystems, and
enhances the technical flexibility of enterprises to
rationally utilize human resources, technology, and
resources. Establish the company's ability to evolve
ecology and the long-term nature of the strategic
environment.

MATERIALS AND METHODS
Model building method. On the basis of analyzing the elements of enterprise ecological management, it constructs the operating model of enterprise ecological management and proposes relevant
countermeasures.

Product ecological design. Ecological design
is also called green design or life cycle design or
environmental design. When the concept of ecological design was proposed, it only referred to industrial product design. Since 1990, the concept of ecodesign has become popular in Europe. From the
perspective of product design, it is based on the
attitude of nature, emphasizing the principle of
harmonious coexistence between humans and nature. Design combining nature can not only improve the quality of human life, but also meet the
ecological environment. From the essence of design, the core of product design It must be an ecological principle. Ecological design is the systematic design of the structure, function, metabolic process, products and technological process of an artificial ecosystem based on ecological principles.
Eco-design focuses on recycling, reuse, reduction,
and follows the principles of localization, conservation, naturalization, evolution, participation of all,
and harmony between man and nature. Eco-design
activities include two meanings: (1) From the aspect of environmental protection, enterprises should
reduce resource consumption and waste as much as
possible, and achieve sustainable development
strategies; (2) From the commercial aspect, minimize costs and reduce potential liabilities risk and
improve competitiveness.

Literature induction. Use network resources,
libraries and other knowledge libraries to organize
and summarize relevant materials.
RESULTS
Strategic ecological management. Strategic
ecological management is an important decisionmaking and development strategy that maintains the
harmony between the long-term development of an
enterprise and environmental protection. In order to
maintain the ecological environment on which
companies rely for survival in order to obtain considerable long-term economic benefits, they must
implement sustainable development strategies and
at the same time pay attention to coordinated development with the natural environment. Strategic
ecological management is also a scientific strategic
behavior and a favorable competitive method chosen by enterprises. It is a new strategic management
model adapted to the network economy and an
effective way to deal with the complex strategic
environment of enterprises (Figure 3).
Strategic ecological management takes into
account the various factors of the entire ecosystem
in practice, pays attention to the overall environment, and follows the principles of overall optimization, coordinated progress, and balanced development to build a strategic ecosystem. Strategic
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Product ecological production. Ecological
production of products, also called green production of products, means that the enterprise imitates
the internal operation of natural systems in production with "low-consumption and high-efficiency
cycle performance, self-adjustment and control
operating mechanism and harmonious and unified
aesthetic laws" in pursuit of energy saving and
material saving , The comprehensive effect of reducing pollution and increasing beauty meets people's green needs. It studies the relationship between the ecological system and energy flow within
the ecosystem, grasps the "ecology" in the "production", rationally "production" in the "ecology", and
correctly develops the "ecological productivity" and
"ecological production relations" (Figure 3).
Achieve a win-win situation between material benefits and ecological environment regeneration benefits. The ecological production of products in this
sense needs to strengthen the awareness of human
ecology and environmental protection, control the
ecological process from the root, and ensure the
ecological production of products in order to
achieve sustainable development. In a sense, we
must ensure the ecologicalization of the production
environment; develop and utilize resources most
reasonably and effectively; use green, environmentally friendly, non-toxic, low-toxic and low-harm
raw materials in production; use pollution-free and
less pollution Adopt a series of reasonable disposal
of waste streams. Product ecological production is
the most meaningful step to complete the ecological
construction. The ecological production of products
is completed in accordance with the ecological
requirements of the production environment, production equipment, production raw materials, production technology and other links, which provides
an important guarantee for the realization of corporate ecological management.
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packaging or product use leftovers. Learn to guide
customers to choose and use products from the
perspective of environmental protection and rationally dispose of used products to reduce environmental pollution.
The difference between ecological marketing
and traditional marketing lies in their marketing
objectives, marketing service targets, consumption
levels and consumption connotations. First of all,
ecological marketing will pursue sustainable development to the greatest extent, and raise awareness
of environmental protection when pursuing profit
maximization. The traditional marketing model is
relatively weak. Secondly, the target of ecological
marketing is not only the vast number of consumers. This marketing concept will pay more attention
to balancing the complex relationship between
ecology, economy and society. For the consumption
level, the difference between the two is that they
can better meet the spiritual needs of consumers for
culture, value, technology, and environmental protection. Finally, the consumption concept of ecological marketing is healthy, suitable and non-toxic.
Most of the premises are environmental protection
and sustainable development.
Related policy measures and recommendations. Formulate and implement regulations
related to corporate ecological management.
Policies and regulations are an important guarantee
for the implementation of ecological management.
Among many policies, the environmental compensation policy is a focal policy, which is an important institutional guarantee and institutional
incentive for enterprises to internalize external
diseconomy. In terms of its participation factors, a
complete ecological compensation system should
include both the enterprise and the society. Ecological compensation is the social price given by the
society based on the social carrying capacity and
the economic benefits of the enterprise. The establishment and implementation of this system requires that on the one hand, the rights and obligations of the participants should be clarified, and the
protection standards and penalties for the ecological
environment should be established. On the other
hand, it must strictly follow the regulations to regulate the economic behavior of enterprises when
implementing ecological management, and to transform the production and development model. Adjust the financing structure of funds to better attract
the attention of environmentally friendly investment capital. During the implementation process,
relevant interest groups must strengthen the control
and grasp of the implementation of compensation
policies at all levels and aspects, and urge the subject of obligation to actively and consciously perform their obligations. Penalties will be increased.

Product ecological marketing. Some scholars believe that "ecological marketing" is econiche-oriented green marketing. Corporate marketing must adhere to the principles of sustainable
development and ecological guidance, requiring
companies to establish sustainable development
concepts and strengthen social responsibilities. As
people's awareness of environmental protection
increases and consumption levels increase, they
naturally have health, green, and environmental
requirements for the products they consume. Therefore, in the corporate marketing plan, we must consider the issue of product competitiveness. One of
the most important issues is "ecological competitiveness." Ecological marketing is to reflect that
companies consider environmental protection factors in product packaging and decoration according
to the situation, and minimize the pollution of
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(a)

(b)
FIGURE 3
Research results and data analysis
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(a)

(b)
FIGURE 4
Surface Plot of Coordinated development degree
ecological, pollution-free, green and healthy (Figure 4). The society can also vigorously promote the
application of the Internet of Things on the production of products. Any environmentally friendly
product has its own environmental testing label or
QR code. The relevant environmental indicators of
the product can be tested on the relevant national
platform to better serve consumers. Enable them to
choose products with environmental advantages. In
addition, ecological management activities should
vigorously implement the ISO14000 series of environmental management standards, for the purpose
of saving resources, reducing pollution, saving

Actively establish a standard management
system in the process of implementing ecological
management. Professional management should be
carried out through ecological execution standards
and safety certification marks. The professional
management process is implemented in the entire
ecological management process and accepts public
opinion and consumer supervision. Only in this way
can it be better implemented. In order to make it
easier for consumers to identify environmentallyfriendly products, an environmentally-friendly
ecological mark should be established, which requires the products produced by enterprises to be
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resources, reducing environmental pollution, and
promoting the ecological development of economic
society for Chinese enterprises and other social
organizations.
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CONCLUSION
In corporate financial management, there are
still many companies that cannot operate and implement from the perspective of environmental
protection and ecology. Some companies still consider their own interests and do not realize the benefits of ecological management for their long-term
development. In addition, some companies and
markets have not been able to independently undertake important tasks related to corporate ecological
management. Therefore, the government must participate in regulation to ensure the effective implementation of corporate ecological management.
This can encourage enterprises to use resources
rationally and effectively, and enterprises can implement ecological construction from many aspects,
and produce eco-friendly, low-consumption, lowpollution, non-toxic, harmless, low-toxic and lowharm green products for the benefit of human society. The government can adopt a series of measures
to strengthen management, coordinate economic
development, restrain corporate illegal behavior,
and drive corporate development with the goal of
maximizing social welfare.

Actively guide corporate ecological behavior. In the process of ecological management, both
social mechanisms and market mechanisms should
actively guide enterprises to ecologicalize their
economic behavior. The economic behavior itself is
the result of the balance of interests between internality and externality. A better grasp of the relationship between the two and the realization of
social and production benefits are two goals that
must be considered in the process of ecological
management. Public opinion-oriented guidance,
consumer product demand, and supply chain participants' ecological requirements for products are all
benign strategies that can actively guide enterprises
to implement ecological management. With the
rapid development of social media and information
dissemination platforms, the power of public opinion supervision is increasing, and the supervision of
corporate ecological behavior has become very
easy. Whether it is microblog exposure or forum
siege, there are hidden dangers in the exposure of
companies' incorrect production methods, and this
is also a good publicity for ecological enterprises.
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REMOVAL CHARACTERISTICS AND MECHANISMS OF Fe2+
AND Cu2+ FROM SIMULATED ACID MINE DRAINAGE USING MODIFIED RED MUD
Yisi Lu, Xiaofeng Liu, Jianping Liu, Liyuan Yu, Xiaoqiang Dong*
College of Civil Engineering, Taiyuan University of Technology, No.79 West Yingze Street, Taiyuan, Shanxi, 030024, China

From the perspective of green and sustainable development, the use of industrial byproducts as highly
efficient and low-cost adsorbents for treating
wastewater have recently attracted considerable attention.
Red mud, as an industrial by-product, is an alkaline waste discharged during the production of alumina in the aluminum industry. According to statistics, the total discharge of red mud in China alone is
approximately 500 million tons. However, the comprehensive utilization rate of red mud in China is less
than 10% [5, 6]. The massive accumulation of red
mud not only occupies land and wastes resources but
also causes alkalization of the soil and pollution of
the groundwater and may cause leakage accidents in
red mud dams [7, 8]. Red mud has attracted great interest in recent years due to stable composition,
small particle size, high porosity, large specific surface area, large number of negative charges, and certain alkalinity [9, 10]. Red mud not only adsorbs the
heavy metal ions in AMD but also neutralizes the
acid in it. Therefore, the resource utilization of red
mud through the treatment of AMD is an effective
method. Gupta and Sharma [11] found that red mud
immersed H2O2 and then calcined at 500 Ԩ can remove Zn2+ and Cd2+ from wastewater. Zhu et al. [12]
found that calcined granular red mud has a high adsorption capacity for Cd2+ in wastewater. However,
the adsorption activity of red mud does not always
improve with increasing modification temperature,
excessive high-temperature calcining destroys the
effective adsorption structure of the adsorbent, resulting in loss of adsorption capacity [13-15]. Appropriate modification temperature and treatment conditions can not only excite the high alkalinity of red
mud to increase the pH value of AMD but also stimulate red mud to adsorb heavy metal ions from AMD.
In addition, for the treatment of a large amount of
AMD, the following requirements should be met: the
concentration of heavy metals should be reduced below the standard limit and the pH value of the
wastewater should improve to within the standard
range. To the best of our knowledge, most of the current studies only focus on the removal of heavy
metal ions [16, 17]. The study of the simultaneous
changes in the pH value, electrical conductivity (EC)
and concentration of heavy metal ions of AMD is
also limited.

ABSTRACT
In this study, modified red mud prepared by calcining at an appropriate temperature was used to remove Fe2+ and Cu2+ from simulated acid mine drainage (AMD) and improve the pH value of the simulated AMD. Among the five different modification
temperatures of red mud studied, the red mud modified at a temperature of 450°C achieved the highest
treatment capacity. Batch adsorption experiments
were conducted to investigate the removal characteristics and mechanisms of Fe2+ and Cu2+ on 450°Cred mud. The results showed that the pH value of the
simulated AMD increased to 7.52 from 1.90 and the
removal rates of Fe2+ and Cu2+ on 450°C-red mud
reached 99.93% and 99.23% with a solid-liquid ratio
of 10 g/L, a contact time of 360 min, and a temperature of 25°C. In addition, combined with Fourier
transform infrared spectrometer (FTIR) and transmission electron microscope (TEM), the phase composition and microstructure of the red mud before
and after modification and 450°C-red mud before
and after adsorption were analyzed. The results
showed that the -OH and metal-oxyl groups found
on the 450°C-red mud surface made significant contributions to the removal of Fe2+ and Cu2+.
KEYWORDS:
Red mud, high-temperature modification, adsorption,
mechanisms, simulated acid mine drainage containing
Cu2+ and Fe2+

INTRODUCTION
Acid mine drainage (AMD) is wastewater with
strong acidity and high heavy metal and sulfate contents formed by the leaching of coal series and its
associated minerals in contact with oxygen and water during coal mining [1-3], and its minimum pH
value can reach approximately 1.6. The acids and
large number of heavy metal ions in AMD pollute
the ecological environment and pose substantial
risks to life when the AMD is discharged directly
without proper treatment [4]. Therefore, the treatment of AMD is an urgent problem to be solved.
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TABLE 1
The main constituents and contents of red mud
Constituent
Content/
wt.%

Al2O3

SiO2

CaO

Na2O

Fe2O3

TiO2

MgO

K2O

others

24.34

20.17

18.26

9.61

9.40

3.56

1.26

0.64

12.76

method in the scanning range of 400-4000 cm-1. A
JEM-2100F transmission electron microscope (TEM)
(JEOL, Japan) was used to observe the surface morphology of the samples with an accelerating voltage
of 200 kV. The samples were ultrasonically dispersed in ethanol, and the suspensions were dropcoated on a 3 mm diameter carbon-coated copper
grid with solvent evaporation.

Therefore, the purpose of this study is to ᾞ)
obtain the optimal modification temperature of red
mud considering the concentration of heavy metal
ions in the treated wastewater and the pH value of
the wastewater both meet (GB/T 14848-2017) (Fe2+:
<0.3 mg/L; Cu2+: <1 mg/L; pH: 6.5-8.5) and ᾞᾞ)
evaluate the characteristics and mechanisms of modified red mud in the treatment of simulated AMD by
simultaneously elucidating the effects of red mud on
the pH value, EC and removal rates of heavy metal
ions from simulated AMD.

RESULTS
Optimizing the modification temperature of
red mud. The effect of the modification temperature
on the treatment of simulated AMD by red mud is
presented in Figure 1. Figure 1(a) shows that the
modified red mud has a good removal effect on Fe2+
and Cu2+ in the simulated AMD. The increase in the
modification temperature of the red mud from 105°C
to 600°C led to improvements in the Fe2+ and Cu2+
removal efficiency. Especially, the removal rate of
Cu2+ increased from 87.40% to 99.48%. This is attributed to the adsorption resistance of the water film
being reduced at high temperature, as its free water,
adsorbed water and bound water are gradually lost in
the red mud [18]. In addition, the specific surface
area of the red mud was increased [19], and thus,
more adsorption sites for heavy metal ions were provided, increasing the removal rates of Fe2+ and Cu2+.
Moreover, a similar trend can be observed in Figure
1(b). The pH value of the simulated AMD first increased and then remained stable with increasing
modification temperature. The pH value (6.21) of the
simulated AMD after treatment with the original red
mud was significantly lower than the pH value (7.267.66) of the simulated AMD after treatment with the
modified red mud and does not meet the requirement
of the national standard limit in China. The pH values of the original red mud and the modified red mud
at 450°C (450°C-red mud) were 9.74 and 11.97, respectively. This indicates that some insoluble minerals in the original red mud decompose into soluble
alkaline substances after the high-temperature modification, and the alkaline substances participate in
the adsorption system, thereby increasing the pH
value of the treated simulated AMD. The EC of the
simulated AMD after treatment with red mud at 5
different temperatures was almost unchanged, which
is attributed to the number of free ions such as heavy
metal ions that are not completely removed being
equivalent to the number of other free ions released
by the modified red mud. When the modification

MATERIALS AND METHODS
Preparation of adsorbents. The red mud used
in this study was obtained from the Liulin Aluminum
Plant in Shanxi Province, China. It is a Bayer red
mud with a red-brown color. The main constituents
and contents are given in Table 1. The red mud was
ground and oven-dried overnight at 105Ԩ in a BPG9050AH electric constant temperature blast drying
oven (HASUC, China), then sieved through a 200
mesh. The appropriate amount of fine red mud was
weighed and calcined in a KSL-1200X muffle furnace (HF-Kejing, China) at 400°C, 450°C, 500°C,
and 600°C for 4 h. They stored in plastic bags until
use.
Preparation of stock solution. The AMD was
simulated by dissolving the appropriate amounts of
FeSO4•7H2O and CuSO4•5H2O in distilled water.
The concentrations of Fe2+ and Cu2+ were both 30
mg/L and the pH value of the simulated AMD was
adjusted to approximately 1.9 with dilute H2SO4. All
chemicals and reagents used in this study were analytical grade and obtained from Tianjin Fengchuan
Chemical Reagent Technologies Co. (China).
Batch adsorption experiments. Batch adsorption experiments were conducted to investigate the
removal characteristics of Fe2+ and Cu2+ on red mud
and modified red mud under different conditions, including modification temperature (105°C, 400°C,
450°C, 500°C, and 600°C), solid-liquid ratio (3-15
g/L), contact time (20-480 min), and temperature
(20-40°C).
Characterization of the adsorbent. A VERTEX 70 Fourier transform infrared spectrometer
(Bruker, Germany) was used to analyze the molecular structure of the samples with the KBr tablet

3818

Volume 30– No. 04/2021 pages 3817-3824

Fresenius Environmental Bulletin

mud as a result of the total amounts of Fe2+ and Cu2+
per unit volume of the simulated AMD being fixed.
Moreover, particle agglomeration occurred on the
surface of the 450°C-red mud, which hindered adsorption [20]. Figure 2(b) shows that as the solid-liquid ratio increased, the pH value and EC of the simulated AMD gradually increased, which was attributed to the increase in the soluble alkaline substances and the concentration of free ions resulting
from the increase in the mass of 450°C-red mud in
the simulated AMD per unit volume. When the solidliquid ratio was 10 g/L, the removal rates of Fe2+ and
Cu2+ by the 450°C-red mud tended to be stable, the
residual concentrations of Fe2+ and Cu2+ in the simulated AMD after 450°C -red mud treatment were
0.021 mg/L and 0.231 mg/L, respectively, and the pH
value of the treated wastewater was 7.52, within the
limits of China’s national standards. The optimal
solid-liquid ratio of the 450°C-red mud and simulated AMD was determined to be 10 g/L by considering the removal effect and the cost.

temperature of red mud exceeded 450°C, the removal rates of Fe2+ and Cu2+ tended to be stable and
the pH value of the simulated AMD reached the
standard limits (6.5-8.5). Therefore, 450°C-red mud
was used for the subsequent work of optimizing the
treatment conditions for the treatment of simulated
AMD through consideration of the removal performance and economic factors.
Effect of the solid-liquid ratio. The solid-liquid ratio is a significant factor in that it provides sufficient adsorption sites for the removal of heavy
metal ions from wastewater. As seen in Figure 2, the
removal rates of Fe2+ and Cu2+ rose significantly
from 72.98% to 99.93% and 53.40% to 99.91%, respectively, while the solid-liquid ratio increased
from 3 g/L to 15 g/L. The increase in the solid-liquid
ratio caused an increase in the adsorption sites on the
450°C-red mud, and thus, the removal rates of Fe2+
and Cu2+ increased. However, the removal rates of
Fe2+ and Cu2+ tended to be stable when the solid-liquid ratio exceeded 10 g/L. Fe2+ and Cu2+ were completely adsorbed on the surface of the 450°C-red
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adsorption sites on the surface of 450°C-red mud being available and the concentrations of Fe2+ and Cu2+
in the solution being higher. As the adsorption progressed (>180 min), the adsorption sites were gradually occupied, and the concentration gradients of
Fe2+ and Cu2+ in the solid-liquid phase decreased,
which hindered further adsorption on the 450°C-red
mud, causing the removal rate to be slow and the removal rates of Fe2+ and Cu2+ to be stable [20]. Figure
3(b) shows that for the first 20 min, the pH value of
the simulated AMD increased sharply, from 1.90 to
5.03. This phenomenon occurs because the acid in
the simulated AMD was rapidly treated by the alkaline substances in the 450°C-red mud. With the advancement of the adsorption (>20 min), the surface
of the 450°C-red mud was covered by the precipitation generated from heavy metal ions, so the release
rate of alkaline substances from the interior gradually decreased, causing the pH value of the simulated
AMD to increase slowly. With increasing contact
time, the EC of the simulated AMD decreased
sharply and then stabilized at approximately 5.38
ms/cm, which was 3.48 ms/cm lower than the initial
EC value. The decrease in the concentration of free
ions in the simulated AMD indirectly reflects the improvement effect of the 450°C-red mud on the pH
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FIGURE 5
FTIR spectra of original red mud (a), 450°C-red
mud (b)and 450°C-red mud
after adsorption (c)
Effect of the contact time. The effect of the
contact time on the treatment of the simulated AMD
by 450°C-red mud is shown in Figure 3. Figure 3(a)
shows that at the initial stage (<180 min), the Fe2+
and Cu2+ adsorbed on 450°C-red mud increased significantly, which resulted from the large number of
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value and the adsorption of Fe2+ and Cu2+ from the
simulated AMD. When the contact time was 360min,
the removal rates of Fe2+ and Cu2+, the pH value and
the EC of the simulated AMD all tended to be stable,
and the residual concentrations of Fe2+ and Cu2+ in
the simulated AMD and the pH value of the simulated AMD both reached the standard range. Therefore, it was determined that the optimal contact time
for the treatment of the simulated AMD with 450°Cred mud is 360 min.

ms/cm to 5.68 ms/cm, and increased the pH value of
the simulated AMD from 7.52 to 7.96. In summary,
when the temperature exceeded 25 °C, the removal
rates of Fe2+ and Cu2+ by the 450°C-red mud tended
to be stable, and the residual concentrations of Fe2+
and Cu2+ in the simulated AMD and the pH value of
the simulated AMD both reached the standard range.
Therefore, it was determined that the optimal temperature for the treatment of the simulated AMD by
450°C-red mud is 25°C.

Effect of the temperature. Temperature has
been considered to be an important factor in the analysis of adsorption thermodynamic. The effect of the
temperature on the treatment of the simulated AMD
by 450°C-red mud is presented in Figure 4. The removal rates of Fe2+ and Cu2+ first increased and then
remained stable with increasing temperature. This is
attributed to the increased mobilities of Fe2+ and
Cu2+ and decreased retarding forces acting on Fe2+
and Cu2+ with increasing temperature [21]. Figure
4(b) shows that the EC of the simulated AMD first
decreased and then increased as the temperature increased. When the temperature was lower than 25°C,
the ions in the solution were continuously adsorbed
by 450°C-red mud, which reduced the EC of the simulated AMD. Other alkaline substances in the
450°C-red mud continued to be released when the
temperature exceeded 25°C. As a result, the content
of free ions in the solution increased, which increased the EC of the simulated AMD from 5.38

FTIR analysis. The FTIR spectral analysis of
the original red mud (a), 450°C-red mud (b), and
450°C-red mud after adsorption (c) is shown in Figure 5. From Figure 5(a) and Figure 5(b), the original
red mud and 450°C-red mud both exhibited -OH
stretching vibrations (3648 cm-1 and 3457 cm-1, 3436
cm-1) in the high-frequency region (>1600 cm-1) [21],
and the -OH bending vibrations at 1640cm-1 and
1637cm-1 may be caused by moisture transferred
from the air to the red mud during the test [25]. The
peaks at 1457 cm-1, 1430 cm-1, and 1440 cm-1 indicated the presence of -CO32- in calcite, and the spectrum became weaker with high temperature. The
presence of Al-O-H was confirmed by the peak appearing at approximately 1099 cm-1. The absorption
peaks at 530 cm-1 and 557 cm-1 were caused by the
vibrations of Si-O-Al and Fe-O [26]. Al-O-H, Si-OAl, and other metal-oxy groups and -OH groups are
the main combinations of heavy metal ions [27, 28].

(a) original red mud

(b) 450°C-red mud

(c) 450°C-red mud after adsorption
FIGURE 6
TEM images of the original red mud(a), 450°C-red mud (b) and 450°C-red mud
after adsorption (c) (×20000)
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As the Figure 5(c) shows, the absorption peak
of the -OH group moved from 3436 cm-1 to 3440 cm1
after adsorption; the displacement of this peak corresponded to the stretching vibration of the -OH
group, which was related to the combination of -OH
groups present in the 450°C-red mud with Fe2+ and
Cu2+ [20]. Similar results were reported by Yang et
al. [29]. The existence of -CO32- was confirmed by
the absorption peak that appeared near 1440-1631
cm-1 before adsorption. The spectrum of -CO32(1409-1459 cm-1) in the adsorbed red mud became
weaker, which may be attributed to the reaction of CO32- with a large amount of H+ in the simulated
AMD. Therefore, the Cu2+ of the simulated AMD in
this study was not removed due to the formation of a
large amount of carbonate precipitation, which is different from the research of Qi et al. [30]. The functional groups shifted slightly from 1440 cm-1 to 1409
cm-1 and 1459 cm-1, and the new adsorption bands
appeared at 1459 cm-1 and 1409 cm-1, proving that
Fe2+ and Cu2+ adsorption on 450°C-red mud was successfully carried out [31].

reaching China’s national standards.
(3) The high temperature modification increases the specific surface area of the red mud,
thereby improving the adsorption activity of the
450°C-red mud in the solution. Fe2+ and Cu2+ are
mainly removed by forming a combination with -OH
and metal-oxyl groups such as Al-O-H and Si-O-Al
on the surface of 450°C-red mud.
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INVESTIGATION OF THE PRESENCE OF
MULTI-RESISTANCE GENES AGAINST DESTRUCTIVE
FUNGAL PATHOGENS OF MELON
Abdullah Unlu*
Bati Akdeniz Agricultural Research Institute, 07100 Antalya, Turkey

ABSTRACT

INTRODUCTION

Melon is quite widely produced and consumed vegetable around the world. However,
melon can be infected by many pathogens and
insect with resulting heavy yield loss. Therefore,
resistant cultivars gain serious importance as a
part of the control. In this study, the resistance of
melon genotypes against two important major
fungal pathogens that their damages endure over
years was investigated. Forty-one melon genotypes including 30 melon hybrids and 11 control
genotypes were tested to Podosphaera xanthii race
5 and Fusarium oxysporum f. sp. melonis race 0, 1,
2, 1-2. The resistance test to Podosphaera xanthii
race 5 was performed in vivo conditions by inoculation of spores on plant leaves. Fusarium oxysporum
f. sp. melonis resistance tests were done by the rootdip method as classically for 0, 1, and 1, 2 races.
Because of the molecular markers are available,
marker-assisted selection (MAS) was applied for
Fom 1 and Fom 2 genes by using SSR154 and
NBS1-CAPS primers. While 17 genotypes were
showed resistance against Fusarium oxysporum f.
sp. melonis race 0, 11 genotypes were resistant to
race 1, and 11 genotypes were resistant to race 1,2.
Only two genotypes (Hib116 and Hib226) were
found to be as resistant to all pathogens. Moreover,
the tested 33 genotypes showed resistance to Podosphaera xanthii race 5. This study results reveal
that the resistance genes can be overcome Podosphaera xanthii race 5 and Fusarium oxysporum f.
sp. melonis race 0, 1, 2, 1-2 in melon. Behind of the
development of resistance against these pathogens
is well- designed breeding program and a good
combination of multi-resistance genes in these
hybrids. Moreover, genetic resistance will provide
great advantages for melon cultivation and contribute to the environment by the reduction of
agrochemical applications.

Cultivated melon (Cucumis melo L.), which is
being economic important species of the Cucurbitaceae family, is under attack by pathogenic fungus
able of causing intense damage and cause serious
yield loss [1, 2]. Fusarium wilt and powdery mildew are among the most serious problems encountered in melon growing areas in the world [3, 4].
Fusarium oxysporum Schlecht. f. sp. melonis Leach
& Currence emend. Snyd. & Hans., which is a soilborne pathogen and capable of colonizing root,
causes lethal wilt for muskmelon [5]. Four strains
belonged to race 0, race 1, race 2, and race 1, 2
have been identified and cultivated melons in different types can be infected with all these races [6].
Furthermore, two obligate fungus, Golovinomyces
orontii (Castagne) V.P. Heluta (syn. Erysiphe
cichoracearum D.C.) and Podosphaera xanthii
(Castagne) U. Braun & Shishkoff (syn. Sphaerotheca fuliginea (Schlech.) Polacci, are the causal
agents of powdery mildew in melon [7]. While the
G. orontii attacks mostly in rainy conditions and P.
xanthii attacks mostly in arid conditions, both fungi
can have attacked on the same plant together simultaneously in some cases [8]. The typical symptom
of it is characterized as a visual white powdery
mass on the leaves. Moreover, they are mainly
composed of mycelia and conidia [9] and cause
yellowing of leaves that are fed with the plant nutrients [2]. The pathogen attack can result in the
death of the plant depend on the disease severity.
Besides, control of Fusarium wilt and powdery
mildew diseases by cultural or chemical methods
are failed. The use of resistant varieties in infected
areas is the best way for the management of these
diseases [10, 11]. Moreover, artificial inoculation
methods for both pathogens can be applied to distinguish resistant genotypes [1, 12]. However,
marker-assisted selection method is commonly used
based on resistance genes for Fusarium oxysporum
Schlecht. f. sp. melonis races 0, 1 and 2 [13, 14].
In this study, exploring of presence multiresistance genes in some genotypes to provide
control for the most destructive fungal pathogens
of melon was aimed.

KEYWORDS:
Fusarium oxysporum f.sp. melonis, Podosphaera xanthii,
Rresistance, Inoculation, MDUNHUဨDVVLVWHG selection
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TABLE 1
The melon genotypes, origins and cultivation types used for investigation of the presence of multiresistance genes
Genotypes
Hib29, Hib33, Hib34, Hib57, Hib58, Hib59,
Hib60, Hib73, Hib77, Hib111, Hib115,
Hib116, Hib118, Hib124, Hib127, Hib135,
Hib137, Hib142, Hib143, Hib145, Hib169,
Hib177, Hib179, Hib182, Hib191, Hib196,
Hib223, Hib225, Hib226, Hib229
Balozu, Ballica
Citirex
Gediz
Ananas
TKU3
PMR6, TGR1551, PMR45, Edisto
PI414723

Origins

Cultivation types

Bati Akdeniz Agricultural Research Institute,
Antalya, Turkey

Non commercial
hybrids

Vatan Seeds Inc., Antalya, Turkey
HM Clause Inc., Antalya, Turkey
Yuksel Seeds Inc., Antalya, Turkey
Bati Akdeniz Agricultural Research Institute,
Antalya, Turkey

Commercial hybrids
Commercial hybrid
Commercial hybrid
Open-pollinated
variety

Bati Akdeniz Agricultural Research Institute,
Antalya, Turkey

Inbred line

La Mayora Estacion Experimental IHSM,
Malaga, Spain
USDA ARS North Central Regional Plant
Introduction Station, Maryland, USA

Accession
Accession

was made by using Wizard Genomic DNA Purification Kit (Promega, USA) from 1 g fresh leaf
tissue. The SSR154 primer [13] for races 0 and 1,
NBS1-CAPS primer for race 2 and Nco I restriction
enzyme [14] were used for the confirmation. PCR
reaction was carried out in SimpliAmp (Thermo
Fisher Scientific, USA). Besides, amplification of
genomic DNA was performed in a total reaction
volume of 25 μl containing 10 ng of genomic DNA.
PCR temperature-cycling parameters were initial
denaturation step at 94°C for 3 min and 35 cycles of
amplification. Each amplification cycle consisted of
denaturation of the target genes at 94°C for 45 sec,
at 55°C for 1 min, at 72°C for 45 sec, and a final
extension at 72°C for 5 min. PCR products including amplified DNAs were subjected to electrophoresis in agarose gel and visualized under UV light.
Amplified DNA bands in the gel were imaged with
ENDURO GDS system (Labnet International,
USA).

MATERIALS AND METHODS
Plant materials. In this study, 30 melon hybrids developed in powdery mildew resistance
breeding program, and 11 genotypes which included commercial varieties and inbred lines were used.
Origin of materials and their cultivation types are
presented in Table 1.
Classical inoculation of Fusarium oxysporum f. sp. melonis. The original isolates of
Fusarium oxysporum f. sp. melonis races 0, 1 and 1,
2 isolated from diseased melon plants were used in
this study. Their single spores were cultured on
Potato Dextrose Agar (PDA) medium for ten days
in an incubator at 24°C in dark. Inoculum of each
race consisted of a mixture of macroconidia and
microconidia were prepared according to the Pitrat
et al. [15]. The root-dip method described by Zink
and Thomas [1] was used for resistance tests. The
first-true-leaf stage seedlings were inoculated by
immersing their roots into the conidial suspensions
of fungus adjusted 0.20 X 106 concentrations for
five minutes. The seedlings were transferred into
the 180x165 mm disinfected plastic pots containing
sterilized 1/1 (v/v) mixture of “peat moss - perlite”.
Control plants were treated similarly in sterile distilled water. Afterwards, treated plants were transplanted to a climate-controlled glasshouse (temperature of 25-27 °C, 60 % humidity). After 28 days,
symptomless plants were evaluated as resistant
while dead plants were susceptible. The experiment
was conducted with a randomized block design
with three replications using two seedlings per plot.

In vivo inoculation of Podosphaera xanthii.
Artificial inoculation method developed by Ünlü
and Ünlü [12] was used for identification of plant
reactions. The seedlings in 3-4 true leaves stage
were sprayed with a liquid spore suspension containing 5×106 spores/ml of powdery mildew. Tested
plants were transferred to the controlled conditions
under the 26°C average temperature and 60% humidity. The symptoms were scored by using 1-4
scale used by Yuste-Lisbona et al. [16] in the 15th
days of the experiment. The plants having 1 and 2
scale value classified as resistant, while 3 and 4
scale values as susceptible. The treatment was arranged according to the randomized block design
with three replications using two seedlings per plot.

Marker-assisted selection for resistance to
Fusarium oxysporum f.sp. melonis. DNA isolation
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No

Genotype

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Hib29
Hib33
Hib34
Hib57
Hib58
Hib59
Hib60
Hib73
Hib77
Hib111
Hib115
Hib116
Hib118
Hib124
Hib127
Hib135
Hib137
Hib142
Hib143
Hib145
Hib169
Hib177
Hib179
Hib182
Hib191
Hib196
Hib223
Hib225
Hib226
Hib229
Balozu
%DOOÕFD
&ÕWÕUH[
Gediz
TKU3
PMR6
TGR1551
PI414723
PMR45
Edisto
Ananas
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TABLE 2
Classical and molecular testing results of genotypes
Classical test
Fom 0
S
R
R
S
S
S
S
S
S
S
R
R
S
S
S
S
S
S
S
S
S
S
S
R
R
R
R
R
R
R
R
R
R
R
R
S
S
S
R
S
S

Fom 1
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
R
S
S
R
S
R
R
R
S
R
R
R
R
S
S
S
R
S
S
S

Fom 1, 2
S
R
S
S
S
S
S
R
R
R
S
R
S
S
S
S
S
S
S
S
R
S
S
R
S
S
S
S
R
S
S
S
S
S
S
S
R
S
R
R
S

Powdery mildew
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
S
S
S
S
R
R
R
S
S
S

Molecular test
Fom 1
S
S
S
S
S
S
S
S
S
S
S
R
S
S
S
S
S
S
S
S
S
R
S
S
R
S
R
R
R
S
R
R
R
R
S
S
S
R
S
S
S

Fom 2
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
S
S
R
R
R
S
S

R: Resistant S: Susceptible

Marker-assisted selection for resistance to
Fusarium oxysporum f. sp. melonis. In this study,
the resistance of melon genotypes to Fusarium
oxysporum f. sp. melonis was determined by molecular methods. While the FOM-1 gene provides
monogenic resistance to race 0 and Race 2 [14, 17]
the FOM-2 gene has shown resistance to race 0 and
Race 1 [13, 17].
A band of 299 bp, which was reported by
Joobeur et al. [13], was detected in homozygous
resistant individuals with the SSR 154 marker used
for the Fom-1 gene that provides resistance to race
1. In susceptible indi

RESULT AND DISCUSSION
Fusarium oxysporum f. sp. melonis. In this
study, when the results of classical inoculation tests
performed against Fusarium oxysporum f. sp. melonis with the root-dip method were evaluated at the
end of 28 days, Figure 1a shows the general view of
the part where the testing is done. 17 genotypes
were found resistant to the race 0, 11 genotypes to
the race 1, and 11 genotypes to the race 1, 2 among
the 41 melon genotypes (Figure 1a, b, c).
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FIGURE 1
General (a), Hib 116 (b), and Hib 226 (c) view of testing
viduals, a band of 305 bp was determined Figure 2.
In the use of NBS1-CAPS marker associated with
the Fom-2 gene for Race 2, a 250 bp band was
observed in the PCR product as reported by Brotman et al. [14]. Moreover, after the cutting of PCR
products with NcoI enzyme, 250 bp band was detected in homozygous resistant individuals and 205
bp band in susceptible individuals [8] (Figure 3 and
Figure 4) Besides, the resistance to race 1, 2
showed quantitative characteristic.
Experiment results clearly revealed that
among melon genotypes evaluated in artificial inoculation test and molecular test, some of the genotypes (Hib 116 and Hib226) had high level of resistance (Table 2). Therefore these genotypes can
be used as useful sources to be used in resistance
breeding programs to introduce Fusarium resistant
melon genotypes. On the other hand, some melon
genotypes (Ananas, PMR6, Hib57, 58, 59, 60, 118,
124, 127) were found to be highly susceptible to
Fusarium. Thus, these susceptible genotypes can be
used to produce sensitive control lines in breeding
programs. Similar results and approach were also
reported by Mahdavi Meighan et al. [18].

intense sporulation) used by Yuste-Lisbona et al.
[16].
Sporulation measurement stick was taken as 1
cm, accordingly, those with a scale value of 1 and 2
were classified as resistant, and those with 3 and 4
as susceptible. Hence, 33 genotypes were found to
be resistant by taking 1 and 2 scale values, and 8
genotypes as susceptible by taking 3 and 4 scale
values (Table 1). Figure 5 shows the general view
of the part where the testing is done.
Total number of reported P. xanthii on melon
is 22 and predominant race of powdery mildew
populations depends on melon cultivar, growing
season and geographical area [19]. It was reported
that races 1, 2, 3, 4 and 5 were the most common
and destructive in the worldwide [20]. While races
1, 2, and 5 are the most common races in Southern
European regions, the presence of race 5 has been
reported in Turkey [21]. Therefore, it is important
to improve resistant melon varieties. In the process
of breeding for disease resistance, genotyping selection based on in vivo inoculation studies can be
beneficial for those breeders dealing with melon.
But genotyping selection based on combination of
traditional phenotypic screening and DNA markers
provides significant advantages over traditional
phenotypic screening alone, meaning those who has
a reliable DNA marker for P. xanthii, should go for
combination. 72 melon genotypes were screened by
Pan and More [22] for resistance to

In vivo inoculation of Podosphaera xanthii.
Classical inoculation evaluations against Podosphaera xanthii were made at the end of the 15th
day according to the 1-4 scale (1: no sporulation, 2:
poor sporulation, 3: medium sporulation, and 4:
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1000 bp
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FIGURE 2
Band pattern obtained from some hybrid individuals used in the study using the SSR 154 codominant
marker (M: DNA Ladder, S: Susceptible, Ht: Heterozygote resistant, R: Homozygote resistant)

FIGURE 3
Band pattern obtained from some of the hybrid individuals used in the study using the NcoI cut enzyme
product (M: DNA Ladder, R: Homozygote resistant)

FIGURE 4
Band pattern obtained from some of the hybrid individuals used in the study using the NcoI cut enzyme
product (M: DNA Ladder, S: Susceptible, Ht: Heterozygote resistant,
R: Homozygote resistant)
powdery mildew and Fusarium wilt under artificial
conditions, and to downy mildew under natural
conditions, and some genotypes were reported to be
resistant to 2 or 3 diseases.
CONCLUSION
It is impossible to avoid losses caused by
Fusarium wilt and powdery mildew, which are the
most economically important diseases of melon. As
a result of this study, two varieties (Hib 116 and
Hib 226) have resistance genes against both
pathogens and can be used for the control of these
diseases.

FIGURE 5
General view of the part where powdery mildew
tested
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&RRSHUDWLYH,QQRYDWLRQ&HQWHURI8QFRQYHQWLRQDO2LODQG*DV 0LQLVWU\RI(GXFDWLRQ +XEHL3URYLQFH <DQJW]H8QLYHUVLW\:XKDQ
&KLQD

([SORUDWLRQDQG3URGXFWLRQ5HVHDUFK,QVWLWXWH6LQRSHF6RXWKZHVW2LO *DV&RPSDQ\&KHQJGX&KLQD

6FKRRORI*HRSK\VLFVDQG3HWUROHXP5HVRXUFH<DQJW]H8QLYHUVLW\:XKDQ&KLQD

3HWURFKLQD+XDEHL2LOILHOG&RPSDQ\5HQTLX&KLQD



$%675$&7

7KH 8SSHU 7ULDVVLF ;XMLDKH )RUPDWLRQ LV WKH
PDLQ VRXUFH URFN V\VWHP LQ WKH :HVW 6LFKXDQ
'HSUHVVLRQ RI WKH 6LFKXDQ %DVLQ &KLQD ZKLOH WKH
VRXUFHURFNRIWKHILIWKPHPEHU RU;X0HPEHU 
RIWKH;XMLDKH)RUPDWLRQLVDQHZDUHDRILQVRXUFH
RLODQGJDVH[SORUDWLRQDQGGHYHORSPHQWLQWKH:HVW
6LFKXDQ 'HSUHVVLRQ ,Q WKLV SDSHU JHRORJLFDO
ORJJLQJ GULOOLQJ DQG H[SHULPHQWDO WHVW GDWD ZHUH
XVHG WR DQDO\]H WKH GHYHORSPHQW FKDUDFWHULVWLFV RI
VRXUFHURFNVDQGWKHFKDUDFWHULVWLFVRIRUJDQLFPDWWHU
DEXQGDQFHW\SHDQGPDWXULW\LQWKH;X0HPEHU
,QDGGLWLRQEDVLQVLPXODWLRQWHFKQRORJ\ZDVXVHGWR
TXDQWLWDWLYHO\ UHVWRUH WKH K\GURFDUERQ JHQHUDWLRQ
DQG H[SXOVLRQ KLVWRU\ RI WKH ;X  0HPEHU RI WKH
;XMLDKH)RUPDWLRQ7KHUHVXOWVVKRZWKDWWKHVRXUFH
URFNVRIWKH;X0HPEHUKDYHKLJKDEXQGDQFHRI
RUJDQLFPDWWHU7KHPDLQW\SHRIRUJDQLFPDWWHULV
W\SH,,,IROORZHGE\W\SH,,7KHUHIRUHWKHVRXUFH
URFNKDVWKHFRSURGXFWLRQFDSDFLW\RIRLODQGJDVLQ
DPDWXUHKLJKPDWXUHVWDJH7KHUHVHDUFKDOVRIRXQG
WKDWWKHVRXUFHURFNVRIWKH;X0HPEHUKDYHEHHQ
LQ D FRQWLQXRXV K\GURFDUERQ JHQHUDWLRQ DQG
H[SXOVLRQSURFHVVDIWHUWKH/DWH7ULDVVLF+RZHYHU
WKHUH DUH REYLRXV GLIIHUHQFHV LQ K\GURFDUERQ
JHQHUDWLRQLQWHQVLW\LQGLIIHUHQWVWUXFWXUDOXQLWV7KH
;LDRTXDQ )HQJJX 6WUXFWXUDO %HOW KDV WKH KLJKHVW
K\GURFDUERQJHQHUDWLRQ DQGH[SXOVLRQ LQWHQVLW\ ,Q
VKRUWWKHLQVRXUFHRLODQGJDVV\VWHPZLWKWKH;X
0HPEHUDVWKHVRXUFHRIRLODQGJDVFKDUJLQJLVWKH
PDLQSURVSHFWLQJWDUJHWRIWKLVDUHDLQWKHIXWXUH
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7KH 8SSHU 7ULDVVLF LQ WKH :HVWHUQ 6LFKXDQ
'HSUHVVLRQ RI &KLQD LV ULFK LQ K\GURFDUERQ
UHVRXUFHV $ ODUJH QXPEHU RI JDV ILHOGV VXFK DV
=KRQJED +HZDQFKDQJ 'D[LQJ[L -LXORQJVKDQ
3LQJOXRED DQG ;LQFKDQJ KDYH EHHQ GLVFRYHUHG LQ
ZHVWHUQ 6LFKXDQ DQG D QXPEHU RI JDVEHDULQJ
VWUXFWXUHV KDYH DOVR EHHQ GLVFRYHUHG VXFK DV
/DRJXDQPLDR
:HQ[LQJFKDQJ
7XREDFKDQJ
%DLORQJFKDQJDQG6L\LFKDQJDUHDV7KLVIXOO\VKRZV
WKDWWKHUHLVDJHRORJLFDOEDVLVIRUWKHIRUPDWLRQRI
ODUJH RLO DQG JDV ILHOGV LQ WKH ZHVWHUQ SDUW RI WKH
6LFKXDQ%DVLQ>@7KH:HVW6LFKXDQ'HSUHVVLRQ
LVORFDWHGRQWKHQRUWKZHVWHUQHGJHRIWKH<DQJW]H
3ODWH RQ WKH IURQW HGJH RI /RQJPHQ 0RXQWDLQ ,W
ERUGHUV 0LFDQJ 0RXQWDLQ LQ WKH QRUWK WKH (PHL
:DVKDQ )DXOW %ORFN LQ WKH VRXWK WKH /RQJPHQ
0RXQWDLQ1DSSH6WUXFWXUDO%HOWLQWKHZHVWDQGWKH
&HQWUDO6LFKXDQ8SOLIWLQWKHHDVW7KHDUHDVSUHDGV
DORQJWKHQRUWKHDVWVRXWKZHVWGLUHFWLRQFRYHULQJDQ
DUHD RI DERXW î NP $FFRUGLQJ WR LWV
GHYHORSPHQW DQG HYROXWLRQ SURFHVV WKH :HVW
6LFKXDQ 'HSUHVVLRQ FDQ EH GLYLGHG LQWR =LOL 6DJ
$Q[LDQ<LD[LKH'D\L)DXOW)ROG%HOW&KHQJGX6DJ
=KL[LQ/RQJEDROLDQJ 6WUXFWXUDO %HOW =KRQJMLDQJ
+XLORQJ 6WUXFWXUDO %HOW ;LDRTXDQ)HQJIHQJ 6L[
VHFRQGDU\WHFWRQLFXQLWV )LJXUH >@7KH:HVWHUQ
6LFKXDQ'HSUHVVLRQLVWKHUHVXOWRIDORQJSURFHVVRI
JHRORJLFDO HYROXWLRQ LQFOXGLQJ WKH <DQJW]H EORFN
DQGWKHQRUWKHUQEORFNWKDWVXEGXFWHGDQGFROOLGHG
GXULQJ WKH 0LGGOH DQG /DWH 7ULDVVLF ,W KDV
H[SHULHQFHGPXOWLSOHWHFWRQLFPRYHPHQWVGXULQJWKH
,QGRVLQLDQ<DQVKDQLDQDQG+LPDOD\DQSHULRGV,WV
VHGLPHQWDU\ HYROXWLRQ KDV H[SHULHQFHG WKH 0LGGOH
7ULDVVLF /HLNRXSR )RUPDWLRQ 7l 8SSHU 7ULDVVLF
0D DQWDQJ)RUPDWLRQ 7m PDULQHGHSRVLWV8SSHU
7ULDVVLF ;LDRWDQJ]L )RUPDWLRQ 7t  PDULQH
WHUUHVWULDO DOWHUQDWH GHSRVLWV WKH -LDKH )RUPDWLRQ
7x  FRDOEHDULQJ FRQWLQHQWDO GHSRVLWV DQG WKH
-XUDVVLF - 3DOHRJHQH (  FODVWLF FRQWLQHQWDO
GHSRVLWV

.(<:25'6
:HVWHUQ 6LFKXDQ 'HSUHVVLRQ ;XMLDKH )RUPDWLRQ
+\GURFDUERQ JHQHUDWLRQ KLVWRU\ +\GURFDUERQ H[SXOVLRQ
KLVWRU\%DVLQVLPXODWLRQ
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7KH;XMLDKH)RUPDWLRQLQWKH:HVWHUQ6LFKXDQ
'HSUHVVLRQLVLWVPDLQVRXUFHURFNVHULHV7KHUHDUH
PDQ\VHWVRIVXSHULPSRVHGVRXUFHUHVHUYRLUFDSURFN
DVVHPEODJHVGHYHORSHGLQVLGH7KHVRXUFHURFNVDUH
PDLQO\ WKH GDUN PXGVWRQH DQG FRDO RI WKH ;X 
0HPEHU JHQHUDOO\ FRPSRVHG RI WKH ;LDRWDQJ]L
)RUPDWLRQ DQG WKH 0D DQWDQJ )RUPDWLRQ  ;X 
0HPEHUDQG;X0HPEHU7KHUHVHUYRLULVDODUJH
VHW RI VDQGVWRQHV LQ WKH ;X  DQG ;X  PHPEHUV
3UHYLRXVVWXGLHVRQWKH:HVWHUQ6LFKXDQ'HSUHVVLRQ
ZHUH PDLQO\ FRQFHQWUDWHG RQ WKH ;X  DQG ;X 
PHPEHUV ZKLOH WKH VRXUFH URFNV RI WKH ;X 
0HPEHU ZHUH UDUHO\ VWXGLHG >@ ,Q WKLV SDSHU
JHRORJLFDO ORJJLQJ GULOOLQJ DQG H[SHULPHQWDO WHVW
GDWD ZHUH XVHG WR DQDO\]H WKH GHYHORSPHQW
FKDUDFWHULVWLFVRIVRXUFHURFNVDQGWKHFKDUDFWHULVWLFV
RI RUJDQLF PDWWHU DEXQGDQFH W\SH DQG PDWXULW\ LQ
WKH ;X  0HPEHU ,Q DGGLWLRQ EDVLQ VLPXODWLRQ
WHFKQRORJ\ ZDV XVHG WR TXDQWLWDWLYHO\ UHVWRUH WKH
K\GURFDUERQJHQHUDWLRQDQGH[SXOVLRQKLVWRU\RIWKH
;X0HPEHURIWKH;XMLDKH)RUPDWLRQ7KLVVWXG\
FDQ SURYLGH D EDVLV IRU GHHSHQLQJ WKH G\QDPLFV RI
LQVRXUFHRLODQGJDVDFFXPXODWLRQ


0$7(5,$/6$1'0(7+2'6

+\GURFDUERQJHQHUDWLRQKLVWRU\PRGHO7KH
IXQFWLRQ RI K\GURFDUERQ JHQHUDWLRQ KLVWRU\
VLPXODWLRQ LV WR UHFRQVWUXFW WKH K\GURFDUERQ
JHQHUDWLRQ HYROXWLRQ KLVWRU\ RI VRXUFH URFNV LQ
SHWUROLIHURXVEDVLQV>@$WSUHVHQWWKHPHWKRGV
XVHGWRVLPXODWHWKHK\GURFDUERQJHQHUDWLRQKLVWRU\
RIVRXUFHURFNVLQFOXGHYROXPHWULFPHWKRGUHVLGXDO
K\GURFDUERQ PHWKRG URFN WKHUPDO VLPXODWLRQ
H[SHULPHQW PHWKRG PDWHULDO EDODQFH PHWKRG
FKHPLFDONLQHWLFPHWKRGHWF>@,QWKLVVWXG\WKH
URFN WKHUPDO VLPXODWLRQ H[SHULPHQW PHWKRG ZDV
XVHG WR TXDQWLWDWLYHO\ UHVWRUH WKH K\GURFDUERQ
JHQHUDWLRQ KLVWRU\ RI WKH VRXUFH URFNV RI WKH ;X
0HPEHU RI WKH ;XMLDKH )RUPDWLRQ LQ WKH :HVWHUQ
6LFKXDQ'HSUHVVLRQ7KHDGYDQWDJHRIWKLVPHWKRG
LV WKDW LW FDQ QRW RQO\ GLUHFWO\ GHWHUPLQH WKH
FRPSRQHQWV DQG TXDQWLWLHV RI WKH RUJDQLF SDUHQW
PDWHULDO FRQYHUWHG LQWR K\GURFDUERQV EXW DOVR
UHYHDO WKH FKDQJLQJ ODZV RI WKH SURGXFWLRQ
FKDUDFWHULVWLFV RI YDULRXV FRPSRQHQWV DQG WKHLU
UHODWLRQVKLSV GXULQJ WKH FRQYHUVLRQ SURFHVV 7KH
EDVLFLGHDRIWKLVPHWKRGLVEDVHGRQWKHVLPXODWLRQ
RI JHRORJLFDO KLVWRU\ WKHUPDO KLVWRU\ DQG PDWXULW\
KLVWRU\ RI VRXUFH URFNV $FFRUGLQJ WR WKH
H[SHULPHQWDO GDWD RI WKH K\GURFDUERQ JHQHUDWLRQ
S\URO\VLV VLPXODWLRQ RI WKH VRXUFH URFN WKH
UHODWLRQVKLS EHWZHHQ WKH K\GURFDUERQ SURGXFWLRQ
UDWHDQGWKHPDWXULW\RIWKHVRXUFHURFNLVREWDLQHG
)XUWKHUPRUHWKHK\GURFDUERQJHQHUDWLRQDPRXQWRI
WKH VRXUFH URFNV RI GLIIHUHQW VWUDWD LQ GLIIHUHQW
SHULRGV LV FDOFXODWHG DQG WKH K\GURFDUERQ
JHQHUDWLRQ KLVWRU\ RI WKH VRXUFH URFNV LV
TXDQWLWDWLYHO\UHVWRUHG7KHPDWKHPDWLFDOPRGHOLV

ሺሻ ൌ ɘሺሻ ή ܥᐦ ሾሺݐሻሿ ή ሾሺݐሻሿ ή ɏሺሻ  
,Q WKH IRUPXOD E t  LV WKH K\GURFDUERQ
JHQHUDWLRQ LQWHQVLW\ RI WKH VRXUFH URFN SHU XQLW
YROXPH LQ GLIIHUHQW JHRORJLFDO SHULRGV  WNP
Ȧ 72& LVWKHFXUUHQWWRWDORUJDQLFFDUERQFRQWHQW
RI WKH VRXUFH URFN  &¦>5R t @ ,V WKH UHFRYHU\
FRHIILFLHQWRIRUJDQLFFDUERQDWGLIIHUHQWPDWXULWLHV
R>RR W @LVWKHK\GURFDUERQSURGXFWLRQUDWHSHUXQLW
RUJDQLFFDUERQDWGLIIHUHQWPDWXULWLHVȡ t LVWKH
GHQVLW\ RI WKH VRXUFH URFN GXULQJ WKH JHRORJLFDO
KLVWRU\WNP

+\GURFDUERQ H[SXOVLRQ KLVWRU\ PRGHO 7KH
IXQFWLRQ RI K\GURFDUERQ H[SXOVLRQ KLVWRU\
VLPXODWLRQ LV WR UHFRQVWUXFW WKH ILUVW PLJUDWLRQ
KLVWRU\RIVRXUFHURFNVLQSHWUROLIHURXVEDVLQV7KH
FXUUHQW PHWKRGV XVHG WR VLPXODWH WKH KLVWRU\ RI
K\GURFDUERQ H[SXOVLRQ IURP VRXUFH URFNV PDLQO\
LQFOXGH UHVLGXDO K\GURFDUERQ PHWKRG FRPSDFWLRQ
PHWKRG GLIIHUHQWLDO SUHVVXUH PHWKRG DQG VHHSDJH
PHFKDQLFV PHWKRG >@ ,Q WKLV VWXG\ WKH
FRPSDFWLRQ PHWKRG ZDV XVHG WR TXDQWLWDWLYHO\
UHVWRUH WKH K\GURFDUERQ H[SXOVLRQ KLVWRU\ RI WKH
VRXUFH URFNV RI WKH ;X  0HPEHU LQ WKH :HVWHUQ
6LFKXDQ 'HSUHVVLRQ 7KH EDVLF LGHD RI WKH
FRPSDFWLRQ PHWKRG LV WKDW LW LV DVVXPHG WKDW WKH
FRPSDFWLRQ DQG GUDLQDJH LQ WKH VWUDWXP EXULDO
SURFHVVLVWKHGULYLQJIRUFHIRUWKHLQLWLDOPLJUDWLRQ
RI RLO DQG JDV DQG WKH UHGXFWLRQ RI VRXUFH URFN
SRURVLW\LVHQWLUHO\WKHUHVXOWRIWKHGLVFKDUJHRISRUH
IOXLG$FFRUGLQJWRWKLVWKHK\GURFDUERQH[SXOVLRQ
DPRXQWRIVRXUFHURFNFDQEHREWDLQHGZLWKWKHDLG
RI PXGVWRQH FRPSDFWLRQ FXUYH XVLQJ FRPSDFWLRQ
SULQFLSOHDQGSULPDU\PLJUDWLRQPRGHO
$FFRUGLQJWRWKHDVVXPSWLRQWKDWWKHWKLFNQHVV
RIWKHVHGLPHQWVNHOHWRQLVFRQVWDQWWKHUHLV>@
ܸଵ ሺͳ െ ɔଵ ሻ ൌ ܸሺͳ െ ɔሻ

,QWKHIRUPXOD9LVWKHHIIHFWLYHYROXPHRIWKH
VRXUFH URFN DW D FHUWDLQ WKUHVKROG GHSWK EHIRUH
FRPSDFWLRQ  NP ĳ LV WKH SRURVLW\ RI WKH VRXUFH
URFN DW D FHUWDLQ WKUHVKROG GHSWK EHIRUH
FRPSDFWLRQ 9LVWKHYROXPHRIWKHVRXUFHURFN
DIWHU FRPSDFWLRQ DW DQ\ WLPH DIWHU WKH DERYH WLPH
NP ĳ LV WKH SRURVLW\ RI WKH VRXUFH URFN DIWHU
FRPSDFWLRQDWDQ\WLPHDIWHUWKHDERYHWLPH
$FFRUGLQJ WR WKH SULQFLSOH RI FRPSDFWLRQ
EDODQFHWKHGLIIHUHQFHEHWZHHQWKHYROXPHRIVRXUFH
URFNEHIRUHDQGDIWHUFRPSDFWLRQLVWKHGLVFKDUJHG
IOXLGYROXPH¨9QDPHO\>@

ο ൌ ܸ െ ܸଵ 
7KHK\GURFDUERQH[SXOVLRQFRHIILFLHQWLVWKHUDWLRRI
WKHIOXLGYROXPHGLVFKDUJHGIURPWKHVRXUFHURFNWR
WKHSRUHYROXPHEHIRUHFRPSDFWLRQQDPHO\

ܥ௫ ൌ οܸ Τܸᐦ 
,Q WKH IRUPXOD CH[ LV WKH K\GURFDUERQ
H[SXOVLRQFRHIILFLHQWRIWKHVRXUFHURFNGHFLPDOV¦
LV WKH SRUH YROXPH RI WKH VRXUFH URFN EHIRUH
FRPSDFWLRQNP
7KH K\GURFDUERQ H[SXOVLRQ LQWHQVLW\ LV WKH
SURGXFW RI WKH K\GURFDUERQ JHQHUDWLRQ LQWHQVLW\ RI
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WKH WKLFNQHVV JUDGXDOO\ GHFUHDVHV IURP VRXWK WR
QRUWKDQGWKHPD[LPXPWKLFNQHVVLVDERXWP
7KH WKLFNQHVV FHQWHU LV GHYHORSHG LQ WKH VRXWKHUQ
SDUWRIWKH&KHQJGX6DJ7KHDYHUDJHWKLFNQHVVRI
KLJKTXDOLW\VRXUFHURFNVLQ;LDRTXDQ)HQJJXDUHD
LVDERXWPDQGWKHDYHUDJHWKLFNQHVVRIKLJK
TXDOLW\VRXUFHURFNVLQ'D\LDUHDLVDERXWP

$EXQGDQFHRIRUJDQLFPDWWHU,QWKHSURFHVV
RI VWDWLVWLFV DQG HYDOXDWLRQ RI WKH RUJDQLF PDWWHU
DEXQGDQFH GDWD RI WKH ;X  0HPEHU LQ WKH
;LDRTXDQ)HQJJX6WUXFWXUDO%HOW WKHXSSHUOLPLWRI
WKHVWDWLVWLFDO72&YDOXHLVDQG72&LV
PDLQO\FRDOVHDPV LQRUGHUWRVHOHFWWKHEHVWTXDOLW\
K\GURFDUERQVRXUFH,QWKLVVWXG\WKHORZHUOLPLWRI
WKHRUJDQLFPDWWHUDEXQGDQFHRIKLJKTXDOLW\VRXUFH
URFNVLQWKH;X0HPEHUZDVGHWHUPLQHGDV
> @ $FFRUGLQJ WR WKH PHDVXUHG GDWD RI 
PXGVWRQHVDPSOHVIURPVLQJOHZHOOVLQWKHVWXG\
DUHD ZLWKLQ WKH GLVWULEXWLRQ UDQJH RI KLJKTXDOLW\
VRXUFH URFNV a  WKH VRXUFH URFNV LQ WKH
FHQWUDOVXEPHPEHURIWKH;X0HPEHUDFFRXQWIRU
WKH KLJKHVW SURSRUWLRQ IROORZHG E\ WKH ORZHU VXE
PHPEHUW LQ WKH ;X  0HPEHU DQG WKH XSSHU VXE
PHPEHURIWKH;X0HPEHULVWKHZRUVW )LJXUH 
2QWKHZKROHWKH;X0HPEHUEHORQJVWRPHGLXP
JRRG VRXUFH URFN DQG KDV JRRG K\GURFDUERQ
JHQHUDWLRQSRWHQWLDO

WKH VRXUFH URFN DQG WKH K\GURFDUERQ H[SXOVLRQ
FRHIILFLHQWQDPHO\
ܧ௫ ൌ ܧை ή ܥ௫ 

,Q WKH IRUPXOD EH[ LV WKH K\GURFDUERQ
H[SXOVLRQLQWHQVLW\RIWKHVRXUFHURFNWNPE
LVWKHK\GURFDUERQJHQHUDWLRQLQWHQVLW\RIWKHVRXUFH
URFNWNP


5(68/76

6RXUFH URFN FKDUDFWHULVWLFV 6RXUFH URFN
GLVWULEXWLRQ'XULQJWKHGHSRVLWLRQWLPHRIWKH;X
0HPEHURIWKH;XMLDKH)RUPDWLRQLQWKHVWXG\DUHD
GXH WR WKH VXSHULPSRVHG LQIOXHQFH RI WKH $Q[LDQ
0RYHPHQWDQGWKH,QGRVLQLDQ0RYHPHQWWKHQRUWK
PLGGOHVHJPHQWRIWKH/RQJPHQVKDQ2URJHQLF%HOW
ZDV XSOLIWHG YLROHQWO\ 7KLV UHVXOWHG LQ GLIIHUHQW
GHJUHHVRIGHQXGDWLRQRQRQHVLGHRIWKH/RQJPHQ
0RXQWDLQLQWKH:HVWHUQ6LFKXDQ'HSUHVVLRQDQGLWV
VRXUFH ZDV PDLQO\ IURP WKH XSOLIW RI /RQJPHQ
0RXQWDLQLQWKHZHVWHUQSDUWRIWKHVWXG\DUHD7KH
SURYHQDQFHGLVWULEXWLRQLVXQVWDEOHRQWKHSODQHDQG
JHQHUDOO\ KDV WKH FKDUDFWHULVWLFV RI WKLQ QRUWK DQG
WKLFN LQ WKH VRXWK WKLQ LQ HDVW DQG WKLFN LQ WKH
PLGGOH )URP WKH FXPXODWLYH WKLFNQHVV RI KLJK
TXDOLW\ VRXUFHURFNV )LJXUH  LW FDQEH VHHQ WKDW

),*85(
7KHVWUXFWXUDOGLYLVLRQVDQGVWUDWLJUDSKLFXQLWVRIWKH:HVWHUQ6LFKXDQ'HSUHVVLRQ
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),*85(
&RQWRXUPDSRIWKHVRXUFHURFNWKLFNQHVVRIWKHWDUJHWOD\HU


),*85(
'LVFULPLQDWLRQRIWKHDEXQGDQFHRIRUJDQLFPDWWHULQWKHWDUJHWOD\HU
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),*85(
7KHGLVWULEXWLRQRIRUJDQLFPDWWHUW\SHVLQWKHWDUJHWOD\HU




7\SHRIRUJDQLFPDWWHU7KHW\SHRIRUJDQLF
PDWWHULVDPHDVXUHRIWKHTXDOLW\RIRUJDQLFPDWWHU
'LIIHUHQW W\SHV RI RUJDQLF PDWWHU KDYH GLIIHUHQW
K\GURFDUERQ JHQHUDWLRQ SRWHQWLDOV DQG GLIIHUHQW
SURGXFWV DQG WKHUH DUH DOVR FHUWDLQ GLIIHUHQFHV LQ
K\GURFDUERQJHQHUDWLRQWKUHVKROGVDQGSURFHVVHV,Q
WKLV VWXG\ LQGLFDWRUV VXFK DV WKH PLFURVFRSLF
FRPSRVLWLRQ RI NHURJHQ DQG URFN S\URO\VLV
SDUDPHWHUV ZHUH XVHG WR GLVWLQJXLVK WKH W\SHV RI
RUJDQLFPDWWHU
7KHPLFURVFRSLFFRPSRQHQWVRIW\SLFDOVRXUFH
URFNVDPSOHVZHUHLGHQWLILHGDQGWKHQWKHVDSUROLWH
FKLWLQYLWULQLWHDQG LQHUWFRPSRQHQWVRIWKHVRXUFH
URFN ZHUH GHWHUPLQHG 7KH W\SH LQGH[ TI RI WKH
VDPSOHLVFDOFXODWHGDQGWKHVSHFLILFIRUPXODLVDV
IROORZV>@

ܶ ܫൌ

ଵାହିହିଵ
ଵ



HQWHUHGDSHULRGRIPDVVLYHK\GURFDUERQJHQHUDWLRQ
:KHQWKHGHSWKUHDFKHVDERXWPWKHYDOXHRI
5R UHDFKHV DERXW  DQG WKH ;X  0HPEHU KDV
HQWHUHGWKHSHDNSHULRGRIK\GURFDUERQJHQHUDWLRQ




,QWKHIRUPXODTIW\SHLQGH[$SHUFHQWDJHRI
VDSUROLWH JURXS % SHUFHQWDJH RI FKLWLQ JURXS &
SHUFHQWDJHRIYLWULQLWHJURXS'SHUFHQWDJHRILQHUW
JURXS
$FFRUGLQJ WR WKH VDPSOH VWDWLVWLFV WKH
GLVWULEXWLRQPDSRIWKHTILQGH[LQWKHWDUJHWOD\HU
ZDVSURGXFHG )LJXUH  )URP )LJXUH LWFDQ EH
FRQFOXGHGWKDWWKHRUJDQLFPDWWHUW\SHRIWKH;X
0HPEHULVPDLQO\W\SH,,,IROORZHGE\W\SH,,DQG
D VPDOO DPRXQW RI W\SH ,, 7KH RLO DQG JDV
H[SORUDWLRQUHVXOWVLQWKLVDUHDDOVRFRQILUPWKDWWKH
VRXUFHURFNVDUHPDLQO\JDVSURGXFWLRQ

2UJDQLFPDWXULW\2UJDQLFPDWWHUPDWXULW\LV
DQ LPSRUWDQW SDUDPHWHU WR PHDVXUH WKH DFWXDO
K\GURFDUERQ JHQHUDWLRQ FDSDFLW\ RI VRXUFH URFNV
DQG LW LV DOVR DQ LPSRUWDQW EDVLV IRU HYDOXDWLQJ WKH
K\GURFDUERQ JHQHUDWLRQ FDSDFLW\ DQG UHVRXUFH
SURVSHFWVRIDFHUWDLQUHJLRQRUDFHUWDLQVRXUFHURFN
VHULHV
7KH YLWULQLWH UHIOHFWDQFH RI  VDPSOHV IURP
WKH;X0HPEHULQZHVWHUQ6LFKXDQZDVFDOFXODWHG
DQGWKHUHODWLRQVKLSEHWZHHQWKHVRXUFHURFN5RDQG
WKHGHSWKRIWKH;X0HPEHUZDVFRPSLOHG )LJXUH
 7KH5RRIWKH;X0HPEHUPDLQO\FRQFHQWUDWHG
EHWZHHQ  DQG  DQG WKH YDOXH RI 5R
JUDGXDOO\LQFUHDVHGZLWKWKHLQFUHDVHRIGHSWK:KHQ
WKH GHSWK UHDFKHV DERXW   P WKH YDOXH RI 5R
UHDFKHV DERXW  DQG WKH ;X  0HPEHU KDV


),*85(
7KHUHODWLRQVKLSEHWZHHQ5RDQGGHSWKRIWKH
WDUJHWOD\HU

,Q RUGHU WR IXOO\ UHYHDO WKH WKHUPDO HYROXWLRQ
FKDUDFWHULVWLFV RI WKH VRXUFH URFN LQ WKH ;X 
0HPEHU LQ WKH VWXG\ DUHD LQ WKLV SDSHU ZH
FDOFXODWHGWKHVRXUFHURFN5RIVRXUFHURFNVEDVHG
RQWKHUHODWLRQVKLSEHWZHHQWKHPHDVXUHG5YDOXHV
DQGWKHEXULDOGHSWKLQGLIIHUHQWVWUXFWXUDO]RQHVLQ
WKH:HVWHUQ6LFKXDQ'HSUHVVLRQ )LJXUH ,WFDQEH
VHHQIURP)LJXUHWKDWWKHWKHUPDOHYROXWLRQGHJUHH
RIWKHVRXUFHURFNVRIWKH;X0HPEHULVJHQHUDOO\
KLJKHU DQG WKH 5R YDOXH UDQJHV IURP  WR 
7KHPD[LPXPYDOXHRI5RLVORFDWHGLQWKHZHVWRI
&KHQJGX6DJZKLFKFDQUHDFKDQGGHFUHDVHV
IURP VRXWKZHVW WR QRUWKHDVW $PRQJ WKHP WKH 5R
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K\GURFDUERQVJHQHUDWHGLVFRQWUROOHGE\IDFWRUVVXFK
DV WKH W\SH RI RUJDQLF PDWWHU DQG PDWXULW\ 7KH
VRXUFHURFNVRIWKH;X0HPEHUKDYHWKHDELOLW\WR
JHQHUDWHERWKRLODQGJDVDQGWKH\DUHGRPLQDWHGE\
JDV5HJLRQDOO\WKHUHDUHFHUWDLQGLIIHUHQFHVLQWKH
K\GURFDUERQ JHQHUDWLRQ LQWHQVLW\ RI WKH ;X 
0HPEHU VRXUFH URFNV LQ GLIIHUHQW VWUXFWXUDO XQLWV
$PRQJWKHPWKH;LDRTXDQ)HQJJX6WUXFWXUDO%HOW
KDV WKH KLJKHVW JDV JHQHUDWLRQ LQWHQVLW\ DQG RLO
JHQHUDWLRQLQWHQVLW\ZKLFKDUHPJJ72&DQG
PJJ72&UHVSHFWLYHO\7KHFXUUHQWJDVJHQHUDWLRQ
LQWHQVLW\ DQG RLO JHQHUDWLRQ LQWHQVLW\ RI WKH WKUHH
VWUXFWXUDO EHOWV LQ WKH =LWRQJ 6DJ =KL[LQFKDQJ
/RQJEDROLDQJ6WUXFWXUDO%HOWDQG<D]LKH'D\LIDXOW
)ROG %HOW DUHHTXLYDOHQWZKLFK DUH DERXW PJJ
72& DQG  PJJ 72& ,Q WKH KLVWRU\ RI
K\GURFDUERQ JHQHUDWLRQ XQGHU WKH FRQWURO RI
UHJLRQDOWHFWRQLFPRYHPHQWWKHVRXUFHURFNVRIWKH
;X  0HPEHU HQWHUHG WKH K\GURFDUERQ JHQHUDWLRQ
WKUHVKROG IURP WKH HQG RI WKH /DWH 7ULDVVLF DERXW
0D DQGWKHQLWEHJDQWRJHQHUDWHK\GURFDUERQV
>@ 7KH SHULRG IURP WKH HQG RI WKH -XUDVVLF
DERXW  0D  WR WKH PLGGOH DQG ODWH &UHWDFHRXV
DERXW0D ZDVDUDSLGK\GURFDUERQJHQHUDWLRQ
VWDJH ,W LV VWLOO LQ WKH KLJKO\ PDWXUH DQG JDV
SURGXFWLRQVWDJHXQWLO

UDQJHRI WKH =KRQJMLDQJ+XLORQJ6WUXFWXUDO %HOW LV
WRWKH5RUDQJHRIWKH;LDRTXDQ)HQJJX
6WUXFWXUDO%HOWLVWRDQGWKH5RYDOXHRI
WKH=LWRQJ6DJLVDERXW

+\GURFDUERQ JHQHUDWLRQ KLVWRU\ DQDO\VLV
%DVHG RQ WKH DERYHPHQWLRQHG SULQFLSOHV DQG
PDWKHPDWLFDO PRGHOV ZH XVH %DVLQ0RG VRIWZDUH
GHYHORSHGE\WKH$PHULFDQ3ODWWHU5LYHU&RPSDQ\
WRUHDVRQDEO\VHOHFWUHOHYDQWSDUDPHWHUVWRJHQHUDWH
DQGH[SHOWKHVRXUFHURFNVRIWKH;X0HPEHURI
:HOOV &KXDQJIHQJ 7RQJVKHQ &KXDQJTXDQ
 DQG 'D\L 7KH K\GURFDUERQ KLVWRU\ ZDV
UHVWRUHG E\ G\QDPLF VLPXODWLRQ ,W QHHGV WR EH
SRLQWHGRXWWKDWWKHH[LVWLQJZHOOVHQFRXQWHUHGLQWKH
;X0HPEHUDUHDOOORFDWHGLQWKHKLJKSDUWRIWKH
VWUXFWXUHRUWKHHGJHRIWKHGHSUHVVLRQ:HKDYHQRW
\HW UHYHDOHG WKH FKDUDFWHULVWLFV RI WKH PDLQ VRXUFH
URFNLQWKHK\GURFDUERQJHQHUDWLRQFHQWHUGXHWRWKH
ODFNRIVLQJOHZHOOGDWDLQWKLVDUHD7KHUHIRUHWKH
KRUL]RQ GDWD RI WKLV VLPXODWHG VLQJOH ZHOO LV
FRQVLVWHQW ZLWK WKDW RI WKH DGMDFHQW VHGLPHQW
VXEVLGHQFHFHQWHUDQGRQWKLVEDVLVWKHK\GURFDUERQ
JHQHUDWLRQDQGH[SXOVLRQKLVWRU\RIWKHVRXUFHURFN
LQWKH;X0HPEHURIWKHK\GURFDUERQJHQHUDWLRQ
FHQWHULVH[WUDSRODWHG
7KH VLPXODWLRQ UHVXOWV RI K\GURFDUERQ
JHQHUDWLRQKLVWRU\ )LJXUH VKRZWKDWWKHW\SHRI




),*85(
7KHSODQHGLVWULEXWLRQRIWKHVRXUFHURFN5RLQWKHILIWKPHPEHURIWKH;X0HPEHU
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),*85(
7KHKLVWRU\RIK\GURFDUERQJHQHUDWLRQDQGH[SXOVLRQRIVRXUFHURFNVLQWKH;X0HPEHU

+\GURFDUERQH[SXOVLRQKLVWRU\DQDO\VLV7KH
&21&/86,216
VLPXODWLRQ UHVXOWV RI WKH K\GURFDUERQ H[SXOVLRQ

KLVWRU\ )LJXUH VKRZWKDWWKHVRXUFHURFNVRIWKH
*HRORJLFDOORJJLQJGULOOLQJDQGH[SHULPHQWDO
;X  0HPEHU LQ WKH VWXG\ DUHD KDYH KLJK
WHVW GDWD ZHUH XVHG WR DQDO\]H WKH GHYHORSPHQW
K\GURFDUERQ H[SXOVLRQ LQWHQVLW\ $QG WKH H[KDXVW
FKDUDFWHULVWLFVRIVRXUFHURFNVDQGWKHFKDUDFWHULVWLFV
LQWHQVLW\LVVLJQLILFDQWO\KLJKHUWKDQWKHRLOH[KDXVW
RI RUJDQLF PDWWHU DEXQGDQFH W\SH DQG PDWXULW\ LQ
LQWHQVLW\>@+RZHYHULQGLIIHUHQWVWUXFWXUDOXQLWV
WKH ;X  0HPEHU ,Q DGGLWLRQ EDVLQ VLPXODWLRQ
WKHUH DUH FHUWDLQ GLIIHUHQFHV LQ WKH LQWHQVLW\ RI
WHFKQRORJ\ ZDV XVHG WR TXDQWLWDWLYHO\ UHVWRUH WKH
K\GURFDUERQH[SXOVLRQDQGWKHJHQHUDOWUHQGRILWV
K\GURFDUERQJHQHUDWLRQDQGH[SXOVLRQKLVWRU\RIWKH
FKDQJHV LV VLPLODU WR WKH KLVWRU\ RI K\GURFDUERQ
;X0HPEHURIWKH;XMLDKH)RUPDWLRQ
JHQHUDWLRQ $PRQJ WKHP WKH FXUUHQW H[KDXVW JDV
7KH VRXUFH URFNV RI WKH ;X  0HPEHU KDYH
LQWHQVLW\DQGRLOGLVFKDUJHLQWHQVLW\RIWKH;LDRTXDQ
KLJKDEXQGDQFHRIRUJDQLFPDWWHU7KHPDLQW\SHRI
)HQJJX VWUXFWXUDO ]RQH DUH  PJJ 72& DQG 
RUJDQLF PDWWHU LV W\SH ,,, IROORZHG E\ W\SH ,,
PJJ 72& UHVSHFWLYHO\ 7KH FXUUHQW H[KDXVW JDV
7KHUHIRUH WKH VRXUFH URFN KDV WKH FRSURGXFWLRQ
LQWHQVLW\DQGRLOGLVFKDUJHLQWHQVLW\RIWKHRWKHUWKUHH
FDSDFLW\ RI RLO DQG JDV LQ D PDWXUHKLJKPDWXUH
VWUXFWXUDO ]RQHV DUH HTXLYDOHQW ZKLFK LV DERXW 
VWDJH
PJJ 72& DQG  PJJ 72& ,Q WKH KLVWRU\ RI
7KHUHVHDUFKDOVRIRXQGWKDWWKHVRXUFHURFNVRI
K\GURFDUERQ H[SXOVLRQ WKH SHDN SHULRG RI
WKH ;X  0HPEHU KDYH EHHQ LQ D FRQWLQXRXV
K\GURFDUERQH[SXOVLRQODJVEHKLQGLWVFRUUHVSRQGLQJ
K\GURFDUERQJHQHUDWLRQDQGH[SXOVLRQSURFHVVDIWHU
SHDN SHULRG RI K\GURFDUERQ JHQHUDWLRQ E\
WKH /DWH 7ULDVVLF +RZHYHU WKHUH DUH REYLRXV
DSSUR[LPDWHO\0D7KHUHIRUHWKHVWUXFWXUDOWUDSV
GLIIHUHQFHV LQ K\GURFDUERQ JHQHUDWLRQ LQWHQVLW\ LQ
DQGVWUDWLJUDSKLFOLWKRORJLFDOWUDSVIRUPHGEHIRUHWKH
GLIIHUHQWVWUXFWXUDOXQLWV
ODWH&UHWDFHRXVLQWKHVWXG\DUHDKDYHSRWHQWLDOIRU
7KH ;LDRTXDQ )HQJJX 6WUXFWXUDO %HOW KDV WKH
RLODQGJDVH[SORUDWLRQ
KLJKHVW K\GURFDUERQ JHQHUDWLRQ DQG H[SXOVLRQ
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>@ =KDQJ67LDQ-<H6:X/+H;=KXR
-)X&  5HVHUYRLU)RUPLQJ3URFHVVRI
;X0HPEHU*DV5HVHUYRLULQ;LQFKDQJ6WUXF
WXUDO%HOW:HVWHUQ6LFKXDQ'HSUHVVLRQ1DWXUDO
*DV,QGXVWU\ 6 
>@0RKDQDNULVKQD * 5L\DGK , $O5DRXVK ,
$OMDPO .   5HPRYDO RI 3HWUROHXP +\
GURFDUERQVDQG6XOIDWHV)URP3URGXFHG:DWHU
8VLQJ 'LIIHUHQW %LRHOHFWURFKHPLFDO 5HDFWRU
&RQILJXUDWLRQV7KH6FLHQFHRIWKH7RWDO(QYL
URQPHQW
>@:X -  (QULFKPHQW 5HJXODULW\ RI =KX,
'HSUHVVLRQ 3HDO 5LYHU 0RXWK %DVLQ %HLMLQJ
&KLQD8QLYHUVLW\RI*HRVFLHQFHV 'LVVHUWDWLRQ 
>@+XDQJ < =KX / =RX ' &KHQ =  
6WXG\ RQ (URVLRQ :HDU &KDUDFWHULVWLFV DQG
1RQVPRRWK $EUDVLRQ 5HVLVWDQFH RI (QYLURQ
PHQW IULHQGO\ -HWW\SH +\GUDXOLF +DPPHU -HW
(OHPHQWV8VLQJLQ8QFRQYHQWLRQDO2LODQG*DV
5HVRXUFHV'HYHORSPHQW)UHVHQ(QYLURQ%XOO
  
>@=KDR = :X . )DQ < *XR - =HQJ %
<XH:  $QRSWLPL]DWLRQPRGHOIRUFRQ
GXFWLYLW\ RI K\GUDXOLF IUDFWXUH QHWZRUNV LQ WKH
/RQJPD[L VKDOH 6LFKXDQ EDVLQ 6RXWKZHVW
&KLQD(QHUJ\*HRVFLHQFH  
>@<H-:X-6KX<:X-:DQJ=  
&KDUDFWHULVWLFV RI +\GURFDUERQ $FFXPXODWLRQ
LQWKH+\GURFDUERQ5LFK'HSUHVVLRQV2IIVKRUH
&KLQD*HRORJLFDO6FLHQFHDQG7HFKQRORJ\,Q
IRUPDWLRQ  
>@5DR'=KDQJ34LX<  'LVFXVVLRQRQ
/RZHU/LPLWRI&RQWHQWRI2UJDQLF0DWWHUVIRU
(IIHFWLYH 6RXUFH 5RFNV 3HWUROHXP *HRORJ\
DQG([SHULPHQW  
>@&DR / 6KHQ = $Q )   3DODHRWUDS
7\SHVRI;XMLDKH)RUPDWLRQLQWKH:HVWHUQ6L
FKXDQ 'HSUHVVLRQ DQG ,GHQWLILFDWLRQ 7HFKQRO
RJ\$FWD3HWUROHL6LQLFD  
>@1LH+/L'/LX*/X=+X::DQJ
5=KDQJ*  $QRYHUYLHZRIWKHJHRO
RJ\DQGSURGXFWLRQRIWKH)XOLQJVKDOHJDVILHOG
6LFKXDQ%DVLQ&KLQD(QHUJ\*HRVFLHQFH 
 
>@+XDQJ;/L7*DR+=KDR-:DQJ&
  &RPSDULVRQ RI 62 ZLWK &2 IRU (Q
KDQFLQJ 6KDOHK\GURFDUERQ 5HFRYHU\ XVLQJ
/RZILHOG 1XFOHDU 0DJQHWLF 5HVRQDQFH )XHO

>@:DQJ 5 /LX 6 =KDQJ * 6XQ :  
-XGJHPHQWRI1DWXUDO*DV5HVRXUFHDQG$FFX
PXODWLRQ $QDO\VLV RI WKH 6HFRQG 0HPEHU RI
;XMLDKH )RUPDWLRQ LQ ;LDRTXDQ;LQFKDQJ
+H[LQJFKDQJ$UHDRI:HVW6LFKXDQGHSUHVVLRQ
1RUWKZHVW2LODQG*DV([SORUDWLRQ  






LQWHQVLW\ +RZHYHU WKH RWKHU WKUHH VWUXFWXUDO EHOWV
=LWRQJ6DJ=KL[LQFKDQJ/RQJEDROLDQJ6WUXFWXUDO
%HOWDQG<D]LKH'D\L)DXOW)ROG%HOW KDYHVLPLODU
K\GURFDUERQ JHQHUDWLRQ DQG H[SXOVLRQ FDSDELOLWLHV
,QVKRUWWKHLQVRXUFHRLODQGJDVV\VWHPZLWKWKH;X
0HPEHUDVWKHVRXUFHRIRLODQGJDVFKDUJLQJLVWKH
PDLQSURVSHFWLQJWDUJHWRIWKLVDUHDLQWKHIXWXUH


$&.12:/('*(0(176

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH
1DWLRQDO6FLHQFHDQG7HFKQRORJ\0DMRU3URMHFWRI
&KLQD =; 


5()(5(1&(6

>@ <DQJ .   *DV 5HVHUYRLULQJ 0RGH LQ
;XMLDKH)RUPDWLRQRI:HVWHUQ6LFKXDQ'HSUHV
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such as environmental waste and fecal contaminations. They could be transferred to humans through
ingesting or making contact with the contaminated
fish [2].
Antibiotic-resistant bacteria have become a
major problem in the world and mounting evidence
indicates antibiotic resistance as an inevitable ecological complication. Antibiotic occurrences in the
environment coming from various sources such as
animal husbandry and fish farming lead to an increasing concern of growing resistance among bacteria. On the other hand, some ecological roles such
as nitrogen fixation and denitrification which are
controlled by the microorganisms may be affected
by antibiotics [3].
In 2013, CDC (Centers for Disease Control and
Prevention) announced that human beings are now
entering the “post-antibiotic era” and in 2014 the
World Health Organization (WHO) warned that the
antibiotic resistance crisis is becoming a great danger [4]. Antimicrobial resistance (AMR) is acquired
by chromosomal mutations and mobile genetic elements such as plasmids which can transfer antibiotic-resistant genes among different microbial communities. In many countries overuse and inappropriate prescription are the main reasons for spreading
resistant bacteria. On the other hand the extensive
use of antibiotics in treating livestock and in agricultural applications transfers the resistant bacteria to
the environment and subsequently to humans
through the food supply which can cause health
problems [5].
Pagrus pagrus (red porgy) is a member of the
Sparidae family. The habitat of the red porgy is the
coastal waters of the Atlantic Ocean and it can also
be found in the Mediterranean Sea. In recent years
the population of the red porgy has decreased due to
overfishing [6]. The red porgy is one of the fish species which is preferred and produced for its high
market value in Turkey [7]. In this study we aimed
to isolate and identify the multi-drug resistant strains
from gastrointestinal tracts of red porgy found in the
bay of Izmir.

ABSTRACT
The number of infections related to antibioticresistant bacteria is increasing worldwide. Fish from
different polluted sources can harbor multi-drug-resistant bacteria that can be transferred to humans either through ingesting or contacting the contaminated fish. Accessibility and affordability make it a
valuable food source for local people in Turkey. Isolation of bacteria from Pagrus pagrus fish intestinal
tracts was done by the spreading plate method using
Luria Bertani (LB) medium. The disk diffusion
method was used to evaluate antibiotic resistance.
Three isolates which were resistant to all tested antibiotics designated as BLK1, BLK2 and BLK3 were
selected. DNA sequence analysis was performed by
16s rDNA amplification to identify the isolates. According to the partial 16s rDNA sequence analysis
BLK1, BLK2 and BLK3 were revealed to be
Klebsiella aerogenes (98.45%), Vibrio alginolyticus
(99.56%) and Enterobacter asburiae (98.27%) respectively. Klebsiella sp. BLK1, Vibrio sp. BLK2
and Enterobacter sp. BLK3 were resistant to all antibiotics used in this study. These findings and other
studies emphasize the importance of drug resistance
research in aquatic systems which could help develop guidelines for the cautious use of antimicrobials.
KEYWORDS:
Pagrus pagrus, bacteria, antibiotic resistance, 16s rDNA

INTRODUCTION
Fish is an important source of food worldwide
that provide the main source of dietary protein in
many countries [1]. Some bacterial pathogens such
as Aeromonas, Clostridium and Vibrio are widely
distributed among fish in diverse ecosystems. Fish
and other seafood can also harbor human pathogens
such as Escherichia, Listeria, Pseudomonas,
Klebsiella and Salmonella from different sources
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TABLE 1
Antibiotic resistance and some characteristics of isolates. +, positive result/; –,
negative result/; R, resistant.
Characteristic
Vibrio sp. BLK1
Klebsiella sp. BLK2
Enterobacter sp. BLK3
Gram staining
Motility
+
+
Oxidase
+
Catalase
+
+
+
Citrate utilization
+
+
+
Nitrate reduction
+
+
+
Gelatinase
+
+
Suceptibility of:
R
R
R
Tetracycline (1μg)
Gentamicin (10μg)
R
R
R
Ampicillin (2μg)
R
R
R
Ciprofloxacin (5μg)
R
R
R
Erythromycin (15μg)
R
R
R
Chloramphenicol (30μg)
R
R
R
BLAST (Basic Local Alignment Search Tool) to be
compared with the reference 16S rRNA gene sequences available in the NCBI GenBank database.
The phylogenetic tree was constructed using the
Neighbor-Joining method with Mega-X software.

MATERIALS AND METHODS
Bacterial isolation. Fish samples were collected from Izmir bay and aseptically dissected to remove the digestive tracts and 1g was homogenized
in sterile distilled water. Serially diluted samples
were plated on Luria Bertani Agar (Merck, Germany) and incubated at room temperature for 48
hours. Colonies were selected based on different colony morphology and pigmentation. Gram staining,
motility, oxidase, catalase, citrate utilization, nitrate
reduction and gelatinase tests were performed on
pure cultures.

RESULTS AND DISCUSSION
In this study we aimed to isolate antibiotic-resistant bacteria from Pagrus pagrus gastrointestinal
tracts. A total of 40 isolates were subjected to the antibiotic susceptibility test. The antibiotic susceptibility test of the obtained isolates was performed using
tetracycline (1μg), ampicillin (2μg), ciprofloxacin
(5μg), erythromycin (15μg), chloramphenicol
(30μg) and gentamicin (10μg) according to CLSI
(Clinical & Laboratory Standards Institute) standards using the disk diffusion method [10, 11, 12].
Three isolates designated BLK1, BLK2 and BLK3
which showed resistance to all used antibiotics were
selected for further identification. Antibiotic resistance and some characteristics of the isolates are
presented in Table 1.

Determination of antibiotic resistance of isolates. The disk diffusion method was employed for
the antibiotic resistance test using Mueller-Hinton
agar (Sigma, Germany). In this experiment tetracycline (1μg), ampicillin (2μg), ciprofloxacin (5μg),
erythromycin (15μg), chloramphenicol (30μg) and
gentamicin (10μg) antibiotic disks (Oxoid, Germany) were used [8].
16s rDNA amplification and bacterial identification. After DNA extraction (Invitrogen) the
FD1 5ғ-AGAGTTTGATCCTGGCTCAG-3ғ and
rD1 5ғ-AAGGAGGT GATCCAGCC-3ғuniversal
primers were used for 16s rDNA amplification. The
PCR conditions were as follows: initial denaturation
at 95 °C for 2 minutes followed by 35 cycles: 94 °C
for 30 seconds, annealing at 42 °C for 30 seconds,
extension at 72 °C for 4 minutes and final extension
at 72 °C for 10 minutes [9]. The PCR products were
YLVXDOÕ]HG by gel electrophoresis and sequencing
was done at the Izmir Institute of Technology IZTECH BIOMER center. For 16s rDNA nucleotide
sequence similarity, the sequences were subjected to

16s rDNA amplification and bacterial identification. The homology results of the 16s rDNA
sequences on the basis of the BLAST public database of homologous genes available in NCBI
(http://www.ncbi.nlm.nih.gov/blast/) revealed that
BLK1 showed 98.45% homology to Klebsiella aerogenes (Enterobacter aerogenes), BLK2 99.56 % to
Vibrio alginolyticus and BLK3 98.27% to Enterobacter asburiae. The phylogenetic tree was constructed using the Neighbor-Joining method in
Mega-X software (Figure 1).

3842

© by PSP

Volume 30– No. 04/2021 pages 3841-3845

Fresenius Environmental Bulletin

FIGURE 1
Phylogenetic tree constructed with sequences of the 16S rRNA regions of BLK1, BLK2 and BLK3 isolates
from Pagrus pagrus gastrointestinal tracts and sequences from GenBank, using the Neighbor-Joining
method in Mega-X software.
Serratia and Yersinia) family are part of normal fish
microbiota. However some of them, for instance E.
coli, Klebsiella penumoniae and Pseudomonas spp,
are pathogens and could lead to infectious diseases
in humans [20]. Antibiotic resistance which is common among Enterobacteriaceae could be acquired
through efficient plasmid transmission [21]. Isolation of multi-drug resistant species from seafood related to Enterobacteriaceae including Enterobacter
and Klebsiella genera were reported by Pongsilp and
Nimnoi [22]. Other studies also reported incidences
of multi-drug resistant Enterobacteria in seafood
such as Enterobacter aerogenes also known as
Klebsiella aerogenes [23, 24, 25]. Klebsiella aerogenes isolated from Labeo rohita intestines was
found to be resistant to amoxicillin and tetracycline
[26]. In this study Enterobacter asburiae was resistant to all tested antibiotics. Enterobacter asburiae is an opportunistic pathogen which has been isolated from variety of sources including environmental and clinical samples. Some studies reported the
identification of Enterobacter asburiae strains from
fish gastrointestinal tracts [27] and also antibiotic-resistant strains from freshwater wetlands [28, 29].

Many studies have reported the isolation of antibiotic-resistant bacteria from fish and aquatic environments [13, 14, 15]. Feed additives containing antimicrobials and other chemotherapeutic agents are
used in fish farms to treat bacterial diseases such as
pathogens related to Vibrio species. However, excessive use of antimicrobials has led to the emergence
of single and multi-drug resistant bacterial strains. In
this study Vibrio sp. BLK1 showed resistance to tetracycline, ampicillin, ciprofloxacin, erythromycin,
chloramphenicol and gentamicin. In Korea high resistance to ampicillin, tetracycline and streptomycin
was detected in Vibrio parahaemolyticus and Vibrio
alginolyticus which were isolated from Paralichthys
olivaceus, Sebastes schlegeli and Pagrus major [16].
Vibrio alginolyticus which was isolated from horse
mackerel fish showed resistance to ampicillin, cephalothin and streptomycin [17]. Mohamad et al. [18]
reported that the majority of the Vibrio spp. isolated
from cultured marine fishes in Malaysia showed
multiple resistance to tested antibiotics such as ampicillin, penicillin and streptomycin. The study of
Raissy et al. [19] revealed that the Vibrio species (V.
vulnificus, V. alginolyticus and V. harveyi) isolated
from seafood were resistant to gentamicin, ampicillin and penicillin.
The members of the Enterobacteriaceae
(Citrobacter, Enterobacter, Klebsiella, Providencia,
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[4] Michael, C.A., Dominey-Howes, D., Labbate,
M. (2014) The Antimicrobial Resistance Crisis:
Causes, Consequences, and Management. Frontiers in Public Health. 2(145), 1-8.
[5] Ventola, C.L. (2015) the antibiotic resistance
crisis: part 1: causes and threats. P & 7ௗ A PeerReviewed Journal for Formulary Management.
40(4),
277–283.
Retrieved
from
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4378521/
[6] Russell, B., Pollard, D., Carpenter, K.E., VegaCendejas, M. (2014) Pagrus pagrus. The IUCN
Red List of Threatened Species. IUCN Red List
Categories and Criteria, 2nd Edn. International
organization. 2(3.1), 1-17.
[7] $ND\OÕ T., <DUGÕPFÕ R.E. (2018) Bacterial
Pathogens in Cultured Red Progy (Pagrus
pagrus) and Common Seabream (Pagrus major).
Erciyes University Journal of Institue Of Science and Technology. 34(1), 14-21.
[8] Hudzicki, J. (2009) Kirby-Bauer disk diffusion
susceptibility test protocol. American Society
for Microbiology, Washington, 1-23.
[9] Weisburg, W.G., Barns, S.M., Pelletier, D.A.,
Lane, D.J. (1991) 16S ribosomal DNA amplification for phylogenetic study. Journal of Bacteriology. 173(2), 697–703.
[10] CLSI (2010) Methods for Antimicrobial Dilution and Disk Susceptibility Testing of Infrequently Isolated or Fastidious Bacteria; Approved Guideline, 3rd Edn. Austin TX. 30(18),
1-97.
[11] CLSI (2010) Performance Standards for Antimicrobial Susceptibility Testing; Twentieth Informational Supplement. CLSI document
M100-S20. Wayne, PA: CLSI. 30(1), 1-153.
[12] CLSI (2016) Performance Standards for Antimicrobial Suceptibility Testing, 26th Edn.
CLSI supplement M100S. Wayne, PA: Clinical
and Laboratory Standards Institute. 36(1), 1251.
[13] Grema, H.A., Geidam, Y.A., Suleiman, A., Gulani, I.A., Birma, R.B. (2015) Multi-Drug Resistant Bacteria Isolated from Fish and Fish
Handlers in Maiduguri, Nigeria. International
Journal of Animal and Veterinary Advances.
7(3), 49–54.
[14] Akinbowale, O.L., Peng, H., Barton, M.D.
(2006) Antimicrobial resistance in bacteria isolated from aquaculture sources in Australia.
Journal of Applied Microbiology. 100(5), 1103–
1113.
[15] Karki, H. (2013) Survey of antibiotic resistant
bacteria in fish gut collected from selected sites.
Doctoral dissertation, M. Sc., thesis. Purdue
University, Indiana, USA.

CONCLUSION
This study identified multi-drug resistant Vibro
sp. BLK1, Klebsiella sp. BLK2 and Enterobacter
sp. BLK3 which were isolated from the gastrointestinal tracts of the Pagrus pagrus fish. Because of the
ecological importance of the fish and their role in
spreading AMR, many studies should be performed
to characterize the antibiotic-resistant bacteria isolated from fish and to monitor their implication on
fish and human health. On the other hand multi-drug
resistance research in aquatic systems will help develop guidelines for the cautious use of antimicrobials.
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FOUR-PROPERTY RELATIONSHIP AND DETERMINATION
OF EFFECTIVE RESERVOIR STANDARD FOR THE CHANG
6 MEMBER OF HUANJIANG OILFIELD IN
ORDOS BASIN, CHINA
Zhengquan Wang*, Quyang Liu, Xin He, Chao Zhang
No.7 Oil Recovery Plant of PetroChina Changqing Oilfield Company, Xi’an 710000, China

main source and storage rock series after the formation of the inland lake basin in the whole basin. It
has the characteristics of extensive development, numerous oil-gas-bearing strata, and complete sourcereservoir-caprock combination [1-2]. The reservoirs
of the Yanchang Formation are mostly low-permeability and ultra-low-permeability reservoirs (an average permeability of only 0.1~1×10-3ȝm2), with fine
lithology, poor physical properties, large seepage resistance, large diagenetic differences, and heterogeneity. It has the characteristics of strong stress sensitivity, microfracture development, and stable reservoir distribution.
Huanjiang Oilfield is located in Huanjiang
Town, Yan'an City, Shaanxi Province. It is connected
to Qinghuabian Oilfield in the east and south, Ansai
Oilfield in the west, Zichang Oilfield in the north,
with an area of about 425km2 (Figure 1). In 2000,
wells Feng 4, Feng 14 and Feng 6 in the northern part
of the Huanjiang exploration area showed industrial
oil flow in the Chang 2 oil layer in the upper section
of the Yanchang Formation, which was discovered in
the Huanjiang Oilfield [3-5]. At present, the main development layers are Triassic Yanchang Formation
Chang 2, Chang 4+5 and Chang 6 Members. The
Chang 6 Member subgroup is delta deposits, and
mainly develops delta front facies. The microfacies
mainly include underwater distributary channels and
their lateral margins. The reservoirs are mainly delta
front distributary channel sand bodies. Affected by
factors such as sedimentary environment and diagenesis, the Chang 6 Member reservoir has various micro-pore types, complex structures, large differences
in reservoir performance, and strong heterogeneity
[2, 6]. Therefore, the study of the four properties of
low-porosity and low-permeability reservoirs in this
area can fully obtain first-hand effective data to
guide the exploration and development and related
work of reservoir transformation.
Tight oil and gas was an important type in unconventional oil and gas systems. Its reservoir characteristics show some differences compared with
conventional oil and gas reservoirs and other types
of unconventional oil and gas. The research focus of
low-permeability reservoirs is on their microscopic

ABSTRACT
In order to improve the prediction accuracy of
the favorable area of the Chang 6 Member in the
Huanjiang Oilfield in the Ordos Basin, in view of the
poor quality of the seismic data and the abundant
logging data in the study area, the correlation analysis was carried out on the relationship between lithology, physical properties, electrical properties and oilbearing properties of the Chang 6 Member reservoir.
The results show that the Chang 6 Member reservoir
is an ultra-low porosity and ultra-low permeability
reservoir. The enrichment of oil and gas is affected
by the lithology and physical properties of the reservoir. Under the premise of clear preset amount,
acoustic time difference, core analysis, etc., we collect the measured physical quantities to facilitate the
subsequent qualitative analysis of core, carry out log
model interpretation under real simulation based on
the on-site geological conditions, and explain the porosity, permeability and core of the log through analysis and comparison. The interpretation results are in
good agreement, that is, the established model can be
applied to Chang 6 Member analysis. According to
relevant standards, under the guidance of field experience in the mining of the adjacent block of Chang
6 Member, the lower limit standard of economic exploitation of the effective thickness is carefully set.
According to the relevant mathematical calculation,
the minimum physical property limit is that the minimum porosity is 8%, the permeability is 0.2mD, the
electrical lower limit resistivity is ȍ•m, and the
acoustic time difference is ȝs/m.
KEYWORDS:
Ordos Basin, Yanchang Formation, Lower limit of effective thickness, Reservoir characteristics

INTRODUCTION
The Ordos Basin is a large multi-cycle craton
rectangular superimposed basin with a simple internal structure and a gentle formation slope. The Mesozoic Upper Triassic Yanchang Formation is the
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pore structure characteristics and diagenetic evolution. The size, shape, distribution characteristics and
connectivity of pore throats can better reflect the
storage capacity of sandstone reservoirs. The diagenetic evolution and physical characteristics play a
key role, both of which have a direct impact on the
production capacity of oil and gas reservoirs. Nowadays, some mature technologies such as: nuclear
magnetic resonance, CT scan, X-ray diffraction, real
sandstone micro-displacement model, constant velocity mercury intrusion, etc., could describe the
pore microstructure from different angles [7-10].
Based on the analysis of core data, cast slices, image
granularity, scanning electron microscope, mercury
intrusion, etc. of Chang 6 Member in Huanjiang Oilfield, the petrology, pore structure, pore throat type,
diagenesis, diagenesis stage division, storage capacity was carried out to understand the characteristics
of changes in physical properties from the vertical
and horizontal planes, and analyze and summarize
the influencing factors of physical properties. Therefore, the Chang 6 Member reservoir classification
evaluation standard in this area is established, the
reservoir is comprehensively evaluated, and the
high-quality reservoir screening standard is established.

represented by medium and high natural gamma and
the lack of relevant differential data. One-sided can
show low negative anomaly amplitude natural potential anomalies [13]. The data need to be verified, but
the related microelectrode difference is small and the
subsequent differential analysis is not obvious. Further calculation shows that the acoustic wave time
difference is about ȝs/m, and the apparent resistivity changes greatly aȍ·m). The factors determined to be poor are not significant to the oil and
gas content.
The calcareous interlayers of the reservoir are
shown as follows: the study area obtained from the
relevant data shows the low value of acoustic time
difference, the low value of natural gamma, and the
high value of resistivity, while the muddy and silty
interlayers show the increase of natural gamma.
However, since most wells in this area use clear cement slurry, the well diameter curve is not obvious
in the permeability layer [14].
Reservoir physical and electrical properties.
The Chang 6 Member has an average porosity of 8%
and an average permeability of 0.54×10-3μm2,
which belongs to ultra-low porosity and ultra-low
permeability reservoirs. The physical properties of
the reservoir in the study area are the key factors that
determine the final mining effect. Therefore, the use
of acoustic time difference curves and other comprehensive methods to conduct relevant research in the
early stage can perform multiple data fitting positive
correlation analysis to provide substantive data for
subsequent problems [15-16]. The research area has
carried out an in-depth preliminary study. During the
data acquisition, the measurement of the reservoir
acoustic wave time difference curve was carried out
and the corresponding data was finally obtained as
aȝs/m. According to the previous research
experience, the role of potash feldspar will affect the
accuracy of the corresponding natural gamma curve
and mislead the measurement of mud content. In
summary, the acoustic time difference curve data on
the spot can characterize the corresponding conclusions of qualitative analysis and compare the natural
potential and natural gamma curve, and can comprehensively reflect the reservoir permeability value to
jointly strengthen the mud content correction work
[17].
The measurable physical quantity of the porosity and permeability lamp of the storage performance
can be derived on the electrical measurement curve,
microelectrode and acoustic wave time curve,
among which, the corresponding natural potential
curve of high amplitude and negative anomaly are in
contrast to the micro potential with large difference
in micro gradient [8, 18]. If further calculation is performed, the time difference parameters of the acoustic wave in the studied area can be obtained from 220
to 260 ȝs/m.

MATERIALS AND METHODS
Reservoir lithology and electrical properties.
There are certain regularities in the lithology and
electrical properties of the Chang 6 Member in the
Huanjiang Oilfield in the studied area. Among them,
the sand and mudstone content is high. Because of
the difference in impurity content and mineral composition, it will exhibit certain regular geophysical
characteristics. The electrical characteristics of sandstones in oil layer formations are as follows: at
60~120API, generally 80~100 API, the low natural
gamma will show high potential negative anomalies.
In terms of the relationship between the acoustic
wave time differences, the stable and gentle category
will gradually highlight the oil-bearing characteristics of the resistance. Due to the high resistivity
!ȍ·m), it is judged that the fine sandstone oilbearing generally has a high resistivity [3, 11-12].
Mudstone and sandy mudstone: Based on the
integration of all the existing logging curves, the corresponding common characteristic is that the data
fluctuates less. Further iterative fitting of the data
can obtain the characteristics of the temporarily low
resistivity data and the relative high acoustic wave
time difference data. If there is an enlarged diameter
feature, it means that the mudstone layer is relatively
pure. Siltstone and argillaceous sandstone: The relevant parameters are clearly characterized, mainly
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Porosity in the formation, %

value usually indicates pure sandstone and coarsegrained grade in the measurement area, otherwise,
the related natural gamma value is higher.
(4) Good porosity can be obtained through the
acoustic wave time difference curve reaction related
oily details parameters. When the acoustic wave time
difference of permeable sandstone is aȝs/m,
the corresponding curve will appear smooth and
change rapidly. If the corresponding parameter is
less than ȝs/m, it indicates that the dry layer or
interlayer in this area has relevant inductive effects.

FIGURE 1
Location map of Huanjiang Oilfield in the
middle of Ordos Basin.
Relationship between reservoir oil bearing
and electricity. Resistivity is the most important parameter for identifying oil-water layers, especially
the logging curve that can detect the true resistivity
of the formation. It is confirmed by the oil test and
production data that the sensitive curve that can reflect the oil bearing in the study area is deep induction, followed by the eight lateral direction [19]. According to related research, it can be known that the
use of deep-induced resistivity data can effectively
show the specific situation of oil and gas horizons.
Using this technology, it can be seen that the 4m oil
layer has a moderate resistivity, and the average
value of the studied area can reach aȍ·m. The
further verification shows that the deep sensing resistivity can reach aȍ·m.
We sort out the difference between the oil, water and dry layers on the logging curve of the research area and make full use of the four-sex relationship demonstration method to carry out the next
step [12, 20-23]:
(1) Through the natural potential curve (SP),
fluctuations of different amplitudes can be used for
specific calculation and qualitative determination of
permeability. We timely record and analyze the relevant data when it reaches the threshold.
(2) The difference in fitting and contrast according to different data can reflect the corresponding permeability very well. For example, it is more
effective to identify the interlayer and filler by using
the different potentials of micro-electrode curve
(ML), micro-potential, and micro-gradient curve.
(3) It is better to use the natural gamma curve
(GR) to carry out related work on the detailed sandstone particle condition and mud content. According
to experience, the display with lower natural gamma

Porosity on the ground, %



Permeability in formation, 10-3ȝm2

FIGURE 2
Relationship between ground porosity and formation porosity.

Permeability on the ground, 10-3ȝm2
FIGURE 3
Relationship between surface permeability and
formation permeability.

RESULTS
Porosity interpretation chart. A large number of
core analysis data have been obtained from the
Chang 6 Member in the Huanjiang Oilfield. A total
of 948 samples have been analyzed for porosity.
Based on the relevant previous research data in the
study area, multiple data on absolute porosity under
comprehensive reservoir conditions were obtained
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and compared with formation conditions. The predicted permeability is compared with each other
(Figure 2 and Figure 3). It is found that the simulation and the real value are extremely consistent.
Further analysis shows that the formation porosity is
lower than the ground porosity by 0.12% to 0.23%,
with an average of 0.15 %. The formation permeability is lower than the ground permeability 0.0055 ~
0.0695mD, with average 0.032mD. The ground porosity and permeability can be used as the formation
porosity and permeability.
According to the relevant specifications, it can
be seen that the existing core logging sequence data
in the study area is good. The comprehensive calibration shows that the corresponding porosity data
of the acoustic wave time difference and the core
analysis result are highly iterative. The rock electric
homing technology is further used to prepare the final comparison relationship between the group
acoustic wave time difference curve and the core
analysis porosity data in the corresponding process
of Chang 6 Member in the studied area (Figure 4) by
using the relevant formula [24]:
ĭ DT-26.698
(1)
The above relationship is used to calculate the
fitting of the porosity data of the Chang 6 Member
in the study area, and the final results are calibrated
and compared with the corresponding core data. The
log interpretation of the Chang 6 Member in the
study area and the conclusion of related acoustic
time difference comprehensively demonstrate that
the average error of porosity is 0.36%, the average
relative error is 4.2%, and the average relative error
is 2.8%, which meets the requirements of the specification of 8% and can be used for Interpretation of
the porosity of effective reservoirs without cores.

Calculation of original oil saturation. The
mercury intrusion method and the phase infiltration
method are compared with each other to comprehensively determine the original oil saturation [25-26].
(1) Mercury Intrusion Method. The mercury
intrusion (J function) method is based on the mercury intrusion data to convert the mercury saturation
into the J function value under reservoir conditions,
and calculates the oil saturation according to the reservoir physical properties, fluid properties, reservoir
height, etc. The formula 2 is for the calculation of J
function [7, 27].

K
I

(G Hg u cos T Hg )
(2)

Porosity in the formation,%

J ( s w ) 31.62 u Pc u

Acoustic time difference, ȝm/s
FIGURE 4
Relationship between acoustic wave time
difference and porosity of Chang 6 Member in
Huanjiang Oilfield.

Capillary pressure ,MPa0

Average J (Sw) function curve
Average capillary pressure curve

FIGURE 5
Average J function and average capillary pressure curve of Chang 6 Member.
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Median r adius, ȝm

(b)

FIGURE 6
Correlation results of related parameters of Chang 6 Member.

Notes: (a) Relationship between permeability and median pressure, (b) Relationship between median radius and median pressure.

Relative permeability


.UZ
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Water saturation, %





FIGURE 7
Oil-water phase infiltration curve of Chang 6 Member.
In the formula: mercury-air system interfacial
tension įHg) is 480mN/m, mercury-air system contact angle șHg) is 140°, capillary pressure (Pc) unit
is MPa, permeability (k) unit is mD.
According to the high-pressure mercury intrusion data of 6 wells and 6 rock samples in the Chang
6 Member in the study area, the average J function
curve is obtained after J function conversion. According to the relationship between J function and
capillary pressure Pc.

a
If

J

k

I

learned that the average capillary pressure curve can
be matched with the data on 44% and the original oil
saturation in the study area is 39%.
(2) Phase infiltration method. The curve diagram analysis of the Chang 6 Member shows that the
water saturation of the Chang 6 Member is 38.0%
when the bound water exists, and the water phase is
the main wetting. The intersection of the phase permeability curve corresponds to the average water
VDWXUDWLRQRI 6R   )LJXUH 

G Hg u cos T Hg
, then:

Effective reservoir determination standards.
(1) Lower limit of physical properties. The lower
limit of physical properties of Chang 6 Member in
the study area was determined by mercury intrusion
parameter method, empirical statistical method, and
oil-bearing method.
(a) Mercury intrusion parameter method. According to the relationship between the permeability
of 10 samples from 3 wells in Chang 6 Member and
the displacement pressure and median pressure (Figure 8(a) and Figure 8(b)), when the permeability is
less than 0.15 × 10-ȝm2, the displacement pressure

Pc u a

(3)
The average a is 0.47, and the average capillary
pressure curve can be obtained according to relation
(3) (Figure 5).According to the relationship diagram
between permeability and median radius (Figure
6(a)), the lower limit of permeability of Chang 6
Member in the study area is 1×10-3μm2, the median
radius of the corresponding process data is ȝm,
and the Pc is further calculated as 3.0MPa (Figure
6(b)). After the comprehensive judgment, it is
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(b)

Permeability, 10 ȝm

Permeability, 10-3ȝm2

(a)

Displacement pressure, MPa

Median pressure, MPa

FIGURE 8
Relationship between permeability and other parameters of Chang 6 Member.
Notes: (a) Relationship between permeability and displacement pressure, (b) Relationship between permeability and median
pressure.

Permeability, 10-3ȝm2

FIGURE 9
Frequency distribution of porosity and permeability of Chang 6 sandstone reservoir.

Porosity, %

FIGURE 10
Chang 6 permeability and porosity curve.
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TABLE 1
Lower limit of effective thickness of reservoir
Physical proper- Oil bearElectrical properties
Lithology
ties
ing
AcousReserClay
tic time Oil satMember voir
Permecon- Porosity
Resistivity
Core oil
differ- uration
type Lithology
ability
tent
level
ence
%
%
mD
ȍm
us/m
%
Oil-wa- Fine
Above oil
Chang 6
<20


AC
AC 

ter layer sandstone
level
and median pressure rapid increase, and the reservoir
physical properties deteriorate rapidly, indicating
that 0.15×10-3ȝm2 can be used as the lower limit of
permeability of Chang 6 Member.
(b) Empirical statistics. The core analysis samples of all core wells were used to make porosity and
permeability histograms, respectively, and the sensitivity analysis of the lower limit of the physical properties of Chang 6 Member was carried out. In the
Chang 6 Member (Figure 9), when the lower limit of
permeability is 0.15×10-3ȝm2, the cumulative loss
of permeability samples is 20%, and the cumulative
production capacity is lost by 4.0%. From the permeability diagram of the Chang 6 Member, the corresponding porosity is 8.0%, the cumulative loss of
porosity samples is 16%, and the cumulative storage
capacity is lost by 9%, which is basically reasonable
(Figure 10).
Through the above methods, the lower limit of
the physical properties of the Chang 6 Member in the
study area can be determined. The lower limits are:
ĳ N P'

CONCLUSIONS
(1) Through thin-film identification, core physical property testing, mercury intrusion analysis, cathodoluminescence, scanning electron microscopy
and other methods, the petrological characteristics,
pore structure, diagenesis and influencing factors of
reservoir physical properties of Chang 6 Member are
studied. It is believed that the Chang 6 Member is
dominated by feldspar, sandstone, with high structural maturity and good sortability. The pore type is
dominated by intergranular pores, feldspar dissolved
pores, and micro-fissures.
(2) Based on core and log interpretation data,
and the analysis of the characteristics of the reservoir,
the Chang 6 Member of the Huanjiang Oilfield is
identified as an ultra-low porosity and ultra-low permeability reservoir. The oil bearing of the reservoir
is controlled by the physical properties of the reservoir. Relevant models were established and verified.
The results show that the established models meet
the practical application in the study area.
(3) Using the mercury intrusion parameter
method and core data empirical statistical method,
the lower physical limit of the Chang 6 Member reservoir is that the porosity is 8%, and the permeability
is 0.2mD. An evaluation standard for the lower limit
of effective thickness of the Chang 6 Member reservoir has been established to provide a basis for block
exploration and development and prediction of favorable areas.

(2) Lower limit of lithology and oil bearing.
Chang 6 Member develops delta front subfacies. According to the calculation results of the Chang 6
Member in the neighboring area, the test oil layer of
the Chang 6 Member is mainly composed of fine
sandstone. According to the relevant industrial oil
flow observations, the oil trace level calibration is
obviously a confined section. According to the characteristics of the core, the oil test demonstrates that
most of the water layers are shown by fluorescence
[28-29]. Therefore, the comprehensive relevant data
confirms that the Chang 6 Member in the study area
mainly shows the poor grade oil trace grades.
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(3) Effective thickness electrical standard.
Electrical standard of Chang 6 Member (Table 1):
water saturation (So  acoustic wave
time difference ȝs/m. If the acoustic time difference is between ȝs/m and ȝs/m, the apparent resistivity  ~0.4632AC. If the acoustic
wave time difference is larger than ȝs/m, the apparent resistivity is larger than ȍ•m.
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RESEARCH ON PLANNING METHOD OF URBAN
THREE-DIMENSIONAL GREENING LANDSCAPE
DEVELOPMENT PATTERN BASED ON
EXTENSION ANALYSIS
Yi Mei*
School of Design and Architecture, Zhejiang University of Technology, Hangzhou 310023, China

expansion of three-dimensional green landscape pattern has become the focus of current urban landscape
planning [1]. With the expansion of the city, many
problems such as the continuous spread of construction land space and a large number of destructions of
natural landscape have gradually become obvious.
The construction of urban three-dimensional green
landscape expansion pattern has become the key
landscape pattern mode of the current urban landscape pattern construction, and also the key content
and key way to achieve the goal of urban sustainable
development [2-4]. Therefore, the construction and
planning of urban three-dimensional green landscape expansion pattern has become the research focus of many scholars.
The regional landscape planning method of
mapping method is to analyze the relevant hierarchical information, clustering relationship and overlapping association of the studied area through the
"layer, group and group" method of mapping, showing the landscape characteristics and factors of visibility and networking. Although this method can
achieve regional landscape planning, its planning effect is not ideal, and residents' satisfaction is slightly
low [5]. The landscape pattern planning method of
Gaofen-5 hyperspectral remote sensing image combines deep learning with hyperspectral image classification algorithm to realize landscape planning. The
planning effect of this method is relatively ideal, but
there is a problem that the corridor pattern index in
the landscape has not been significantly improved
after planning [6].
Extension analysis is an analytical study that
uses formal models to study the expansion possibility and innovation methods and laws of things, and
effectively solves the contradiction problems. It can
effectively solve the more abstract, perceptual and
many contradictions that cannot be described by logical language [7].
Based on the above analysis, this paper studies
a planning method of urban three-dimensional green
landscape expansion pattern based on extension
analysis. Combined with the extension analysis and
the analysis of the patch pattern and corridor pattern
of the urban three-dimensional green landscape, the
planning method of the urban three-dimensional

ABSTRACT
In order to effectively improve the patch pattern
and corridor pattern of urban three-dimensional
greening landscape, a planning method of urban
three-dimensional greening landscape expansion
pattern based on extension analysis was studied.
Analysis pattern of urban vertical greening landscape patch and corridor pattern, selection of the index of two kinds of structure and implementation of
operation, after operation analysis of patch pattern
and corridor landscape as two primitives for urban
vertical greening landscape development in landscape planning, combining with the extension analysis create a demand for urban residents primitives,
conflict resolution and primitive pattern of landscape
patch and corridor landscape analysis method of development pattern of urban vertical greening landscape planning, implementation planning of urban
vertical greening landscape development pattern.
The experimental results show that this method can
realize the expansion pattern planning of urban
three-dimensional greening landscape. After the
planning, the index of landscape patch pattern and
the index of corridor pattern both have a greater degree of improvement than before the planning, and
are highly praised by experts and urban residents in
the satisfaction survey. The satisfaction generally
reaches more than 90 points, which is about 15
points higher than the traditional method on average,
indicating that the planning effect of this method is
very satisfactory.
KEYWORDS:
Three-dimensional green landscape, extension analysis,
expansion pattern, patch pattern, corridor pattern, conflict
resolution

INTRODUCTION
In the process of urbanization, the density and
number of high-rise buildings also continue to increase. On the contrary, the green landscape area of
urban ground is gradually reduced. In this case, the
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green landscape expansion pattern is constructed, so
as to realize the effective planning of the urban threedimensional green landscape expansion pattern, and
lay the foundation for improving the urban ecological environment and promoting the sustainable development of the city.

shape. The range of FD was 0.9 ~ 2.1. When the FD
value is 1.0, it means that the patch is a simple square;
when the FD value is 2.0, it means that the plaque
has the highest peripheral complexity under the same
area. The closer the FD value to 1.0, the higher the
self similarity of the plaque, the better the shape regularity of the plaque. The lower the complexity of the
plaque geometry, the higher the degree of human interference. The formula of FD value is˖

MATERIALS AND METHODS

°log L / 4
®
°̄ FD 2 K

Three dimensional landscape pattern analysis of urban landscape. (1) Selection and calculation of landscape patch pattern index. Landscape
patch pattern index mainly includes landscape unit
characteristic index and landscape heterogeneity index. Among them, the landscape unit characteristic
index mainly includes patch perimeter, patch number,
patch porosity (patch density), patch area, patch fractal dimension and patch shape index; landscape heterogeneity index mainly includes landscape diversity index, dominance index, landscape fragmentation index and evenness index [8-9].
1) The characteristic index of each selected
landscape unit is analyzed and calculated as follows:
ᬅ The calculation of patch area is :

(3)
In formula (3), the slope of the curve and the
intercept of the curve are expressed in K and C respectively, and the area of the plaque is expressed in
Ac .
ᬉ Patch density (PD) is patch density, which
is used to represent the degree of landscape fragmentation. The formula of PD value is:
(4)
ܲܲܰ( = ܦ / × ) ் ܣ10
In formula (4), the number of patches of type i
in the landscape is expressed as NPi, and the total
area of landscape is represented by AT.
2) The calculation and analysis of each landscape heterogeneity index are:
ᬅ Landscape diversity index (diversity). The
number of landscape categories and the proportion
of different landscape categories can be expressed by
this indicator. When there is only one category of
landscape, it belongs to homogeneous landscape,
and the diversity index of landscape is 0; when the
landscape contains two or more categories, and the
proportion of different categories is equal, the value
of landscape diversity index is the highest; when the
proportion of different landscape categories has a
large gap, the diversity index of landscape decreases.
When the operation is carried out by Shannon
Weaver formula, there are:

n
§ 1 ·
CA= ¦ Aij ¨
¸
© 10000 ¹
j 1

(1)
In formula (1), the area of patch ij is expressed
by Aij; CA measures the components of landscape,
which is the basis of calculating other indicators. CA
value limits the food chain, abundance, reproduction
and quantity of secondary species. For example, the
difference of information flow of energy, species and
nutrients can be fed back by different areas. Generally, the energy in a patch is proportional to the total
amount and area of mineral nutrients. In order to understand and manage the landscape, it is necessary to
understand the patch area.
ᬆ The number of patches refers to the total
number of patches in a certain patch category. In
general, the higher the number of patches, the greater
the fragmentation, otherwise the smaller the fragmentation.
ᬇ Patch shape index is the ratio of the perimeter of a patch to the circumference of an equal area
circle. If the ratio is 1, the plaque is round; the higher
the ratio, the larger the circumference, the more complex the shape and the smaller the area. The formula
of plaque shape index SC is:

Sc

K  log Ac  C

m

H

¦

Qi ln Qi

i 1

(5)
In formula (5), the index of landscape diversity
and the number of landscape elements are expressed
by H and m respectively; the area proportion of type
i landscape elements is represented by Qi.
ᬆ Evenness index (evenness). This index is
used to describe the distribution uniformity of different components in the landscape. The higher the
value is, the higher the distribution uniformity of different components in the landscape is; otherwise, the
distribution uniformity is lower. The formula is:

L/2 SA

(2)
In formula (2), the mean patch area and mean
perimeter are expressed as a and L respectively.
ᬈ Fractal dimension (FD) is the key characteristic number of fractal dimension variable, which
is usually used to measure the complexity of patch

E

H / H max

(6)
In formula (6), the maximum diversity of landscape under the set richness condition is expressed
as Hmax.
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pattern index selection. The corridor system is usually divided into blue corridor, green corridor and
gray corridor, so as to enhance the clarity of different
types of corridor pattern. The details are shown in
Figure 1.
Among them, the blue corridor represents the
river channel part of the river; the green corridor
mainly includes the green river corridor, green belt,
green railway corridor and green road corridor. The
naming of the green belt is determined by the organism studied, indicating a green corridor with sufficient width; the gray corridor includes railway and
roads of different grades [11-12]. Corridor pattern index includes the number of corridors, corridor width,
corridor length, corridor density, corridor connectivity, reading perimeter area ratio and corridor ring
connectivity.
2) Analysis and calculation of corridor pattern
index. In the identification of landscape corridors,
the sectional statistical analysis can be implemented
according to the ratio of patch perimeter area [13].
The patch area is inversely proportional to the perimeter area ratio. For patches with the same area, when
the perimeter area ratio is high enough, it is identified as a corridor. The more complicated or narrow
the corridor shape is, the higher the perimeter area
ratio is [14-15]. Excel and AutoCAD software can be
used to carry out statistics on the pattern index of
each corridor in the landscape. The analysis and calculation of each index are as follows:
ᬅ The number of corridors is the total number
of corridors in the landscape, which is used to describe the number of landscape corridors; ᬆ The
corridor length is used to describe the contact degree
between the corridor and the substrate in the landscape; ᬇ Corridor density is used to describe the
density of corridors in the landscape, the formula is:

FIGURE 1
Classification of corridors.
ᬇ Dominance index. When the dominance index is 0, i.e. H = Hmax, it means that the proportion
of different landscape categories is equal, and there
is no dominant landscape category; when the dominance index is high, it means that the proportion difference of different landscape categories is large, and
one or several landscape categories have a higher
dominance; When the dominance index is 0, it means
that the proportion of different landscape categories
is relatively high; When the dominance index is
higher, the proportion of different landscape categories is higher; When the index is low, the proportion
of different types of landscape is similar [10]. The
formula is:
m

Do

H max  ¦ Qi ln Qi

i 1
(7)
In formula (7), ܪ௫ = ݈݊(݉).
ᬈ Landscape fragmentation index. This index
is used to describe the fragmentation degree of a single landscape category in a given time and given nature. The fragmentation index of landscape patches
includes the fragmentation index of a certain landscape category in the region and the fragmentation
index of landscape patches in the whole region, and
the value range is [0,1]. The formula is:


° FN1
®
°̄ FN 2

De

Le / Ae

Pk

Lk / Ak

(9)
In formula (9), the length of corridor and the
area of corridor landscape are expressed by Le and
Ae respectively. Corridor density index De can reflect the length of corridor landscape per unit area in
the study area.
ᬈ The width of the corridor can reflect the
contact degree between the corridor and the substrate,
as well as the barrier to animals and plants and the
interference degree to the substrate [16].
ᬉ The ratio of corridor perimeter to area can
be used to distinguish between corridor and patch,
and to distinguish complex corridor from simple corridor, the formula is:

N P  1 / NC
NPS N f  1 / N C

(8)
In formula (8), the overall landscape area of the
study area and the average patch area of different elements in the landscape expressed by the number of
squares are represented by Nc and NPS respectively;
the fragmentation index of the total number of landscape patches is represented by FN1; the fragmentation index of a certain landscape category is represented by FN2; the total number of patches of different elements in the landscape is represented by Np;
the total number of patches in a landscape category
is expressed as Nf.

(10)
In formula (10), the length and area of type k
corridor are represented by LK and AK respectively;
the ratio of corridor perimeter to area is expressed by
PK, which is used to distinguish the shape of corridor.
ᬊ Corridor connectivity is used to measure the
corridor connectivity, which has an impact on the energy flow and activities of animals and plants [17],

(2) Landscape corridor pattern index selection and calculation. 1) Corridor classification and
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FIGURE 2
Planning process of urban three-dimensional green landscape expansion pattern based
on extension analysis.
and its numerical range is (0,1). ߰ is the corridor
connectivity index. When ߰ = 1, it means that each
node in the corridor has a line connecting all the
other nodes; when ߰ = 0, it means that there is no
connection in the corridor. The formula is:

\

Based on the extension analysis of urban
three-dimensional green landscape development
pattern planning process. In the extension analysis,
the planning of urban three-dimensional green landscape development pattern has changed from simple
function realization to landscape expansion pattern,
which needs to keep dynamic balance and compatibility with various planning elements that reach contradictory state [18-19]. On the basis of extension
analysis, using the landscape patch pattern and corridor pattern after analysis and calculation, the process of urban three-dimensional green landscape expansion pattern planning method is created, which is
mainly composed of three parts: the urban residents'
demand acquisition element, conflict resolution and
the urban three-dimensional green landscape patch
pattern and corridor pattern analysis element [20-21].
The qualitative relationship between the different
structures of urban three-dimensional green landscape and the needs of urban residents is established

m /3 n2p

(11)
ᬋ The corridor loop connectivity is used to express the degree of the existing node loop in the connecting corridor, The formula is:

E

m  n  p / 2n  5 p

(12)
In formula (12), the number of connecting lines
and nodes is expressed by m and n respectively; the
number of unconnected lines is expressed by p; the
number of loops in the corridor is m-n+p; the circularity is expressed by ȕand its numerical range is
(0,1). When ȕ there is no loop in the corridor;
when ȕ   the number of circuits in the corridor
reaches the maximum.
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through the demand primitives of urban residents.
The conflict between structural characteristics and
demand is eliminated by using extension transformation, and the solution space of subsequent planning is expanded. The urban three-dimensional
green landscape development pattern planning based
on extension analysis is based on the above-mentioned variable knowledge, which makes the dynamic allocation needs of urban residents get feedback from the basic elements of landscape patch pattern and corridor pattern. The planning process of urban three-dimensional green landscape development
pattern based on extension analysis is shown in Figure 2.

(3) Configure thresholds. The configuration
threshold is represented by Ȝbecause there will be
some contingency in the transformation, if there is
improper transformation results, the planning results
will be affected. Whether there are redundant configuration elements in the extension transformation results can be measured by the configuration threshold
Ȝ The coding form of {structure 1, threshold 1;
structure 2, threshold 2} is implemented by improved genetic algorithm. When ȝ!Ȝit means that
redundant configuration elements appear in extension transformation results, and extension transformation should be implemented again; when ȝȜit
means extension transformation results are in allowable range.
Based on the analysis of landscape pattern, the
number, area and combination mode of different
patches and corridors are adjusted by using the principles of landscape ecology and extension analysis,
combined with the current situation of social and
economic development, regional natural conditions
and regional landscape spatial pattern distribution,
and based on the patch corridor matrix model of
landscape ecology. Optimize the overall landscape
structure of the region, reasonably arrange the natural environment, water environment and artificial environment, etc. [24-25], optimize the ecological
functions of corridors such as river channel, greenway and road, try to retain some large natural corridors and patches, improve landscape heterogeneity,
and effectively guide the appropriate allocation of
urban land and space resources, so as to realize the
coordination between the city and nature Development, promote the benign cycle of urban and rural
ecology, give full play to the ecological service function and ecological regulation function of urban ecosystem, and achieve the ultimate goal of regional
sustainable development.

(1) Consistency calculation. As the compatibility index ȝwhich is used to test the compatibility
between the transformation result and the target
value, the acquisition method is as follows:
1) Qualitative description: it can be obtained by
qualitative description according to AHP and fuzzy
relation definition; 2) Correlation function method:
if there is an inclusion relationship between the two
structures, the ȝvalue can be calculated by the following formula [7, 22]:

P kX

 U X ,X0 , X 0
° U X, X  U X, X , U X, X  U X, X 0 z 0
0
®
°  U X ,X , X  1, U X , X  U X , X 0
0
0
0
¯

(13)
In formula (13), the optimal value is represented by V0; the interval of demand value is represented by X, and X0 = X; the correlation coefficient
is expressed by ȡWhen K(v) > 0, it means that the
primitive Ji after the transformation is true. The compatibility matrix is constructed as follows:

M mc um

ª P11 P12 ... P1m º
«
»
P22 ... P2 m »
«
«
  »
«
»
«
»
P
mm ¼
¬

RESULTS
Taking the three-dimensional green landscape
in a certain region of a first-line city as an example,
the regional landscape planning method of mapping
method [5], the landscape pattern planning method
of gf-5 hyperspectral remote sensing image [6] and
the method of this paper were used to carry out the
expansion pattern planning of the three-dimensional
green landscape of the city. The practical application
effect of each method was tested by comparing and
analyzing the planning results.

(14)

(2) The general formula of extension transformation. The basic transformation operator r is
defined. If the basic transformation operator is rewritten to the matrix form, then there are [23]:

ª¬ rij º¼
m um

T

(15)
In formula (15), the basic transformation operator generated randomly by computer and updated in
real time is represented by rij. :KHQȝ!WKH extension transformation is created:

Sk

> J1 , J 2 ,..., J k @  T , k

Comparative analysis of planning effect. The
three-dimensional green landscape area of the experimental city was randomly divided into two spaces,
represented by a and b respectively. After the expansion pattern planning of the two spaces is carried out
by three methods, the patch pattern index and corridor pattern index of each space after planning are

1, 2,..., m
(16)

3859

© by PSP

Volume 30– No. 04/2021 pages 3855-3862

Fresenius Environmental Bulletin


compared with the index of the first two spaces to
test the planning effect of each method. The comparison results of each spatial pattern index after each
method planning are shown in Table 1 and Table 2.
Table 1 shows that that in space a, the improvement degree of patch pattern index after planning by
this method is much higher than that of the other two
methods, the improvement degree of corridor pattern
index is similar to that of method [5], and the improvement degree of two pattern indexes of method
[6] in this space is relatively low.
Table 2 shows that in space b, the improvement
degree of the two pattern indexes after planning by
the method of reference [5] is not ideal, and the improvement degree of patch pattern index planned by
reference [6] is similar to that of this method, while
the improvement degree of the two pattern indexes
planned by this method in this space is higher, and
the improvement degree of corridor pattern index is
much higher than that of the other two methods.
To sum up, the patch pattern index and corridor
pattern index of the two spaces of the three-dimensional green landscape in the experimental city have
been improved to varying degrees after the implementation of the three methods. Among them, the
planning effect of this method is more significant,
which can improve the patch pattern index and corridor pattern index of the planned landscape to a
greater extent, and enhance the overall effect of urban three-dimensional green landscape expansion
pattern more effectively.

61-75 as general, 60 as dissatisfaction. The average
scores of experts and urban residents are calculated
respectively as the final results of satisfaction survey
after planning of each method are shown in Figure 3

Average
expert rating

100

Average rating of
urban residents

Rating/Min

80
60
40
20

0
Method of
this article

Literature
[5] method

Literature
[6] method

FIGURE 3
Comparison of the results of the survey of satisfaction with planning effects..
Figure 3 shows that the average score of experts' and urban residents' satisfaction obtained by
the method in this paper is more than 90 points, and
the planning effect of the method in this paper is finally evaluated as very satisfactory according to the
rating grade; while the average score of experts' and
urban residents' satisfaction of the method in reference [5] is between 61 and 75 points, which is finally
assessed as average; The average satisfaction scores
of experts and urban residents in literature [6] are between 76 and 88, and are finally rated as satisfactory.
It shows that the planning effect of this method is
better, and the satisfaction of experts and urban residents is higher.

Satisfaction survey results analysis. 15 experts in the field of urban three-dimensional greening landscape planning and 100 urban residents were
selected to evaluate the three-dimensional greening
landscape development pattern of experimental cities after three methods of planning. Taking 100 as
the full score, the score is divided into four grades,
which are 89-100 as very satisfied, 76-88 as satisfied,

TABLE 1
Comparison results of a spatial pattern index after each method planning.
Before
planning
0.54

Method of this
article
0.13

Number of patches/piece

29

Plaque shape
Patch fractal dimension
Patch porosity/piece/km2
Landscape diversity
Landscape dominance
Fragmentation degree

Index

[5] method

[6] method

0.21

0.28

5

8

12

0.86
1.56
2.15
0.52
1.05
0.75

1.03
1.12
0.45
2.31
2.47
0.13

0.75
1.31
0.87
1.57
1.48
0.36

0.68
1.45
1.55
1.32
1.21
0.47

Corridor density/piece/km2

1.17

1.68

1.66

1.22

Corridor perimeter area ratio
Corridor connectivity
Corridor circulation

0.52
0.32
0.43

1.23
0.74
0.81

1.21
0.68
0.76

0.73
0.47
0.51

Average patch area

Patch pattern
index

Corridor Pattern Index

/km2
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TABLE 2
Comparison results of b-space pattern index after planning by various methods.
Before
Method of
Index
[5] method [6] method
planning
this article
Average patch area /km2
0.46
0.11
0.32
0.13
Number of patches/piece
33
7
16
9
Plaque shape
0.74
1.23
0.56
1.18
Patch fractal dimension
1.47
1.05
1.36
1.08
Patch pattern
index
Patch porosity/piece/km2
2.36
0.51
0.97
0.55
Landscape diversity
0.75
2.62
0.83
2.56
Landscape dominance
1.36
2.35
1.39
2.33
Fragmentation degree
0.62
0.11
0.53
0.15
Corridor density/piece/km2
1.23
1.75
1.26
1.45
Corridor perimeter area ratio
0.57
1.33
0.62
1.05
Corridor Pattern Index
Corridor connectivity
0.38
0.85
0.41
0.47
Corridor circulation
0.39
0.88
0.43
0.51
Research on Microclimate Adaptability of Outdoor
Space in Campus, Grant No.Y201941786), and the
Class-teaching Reform Project of Zhejiang University of Technology (Title: Teaching Reform of Virtual Simulation Experiment in Environmental Design Major).

CONCLUSIONS
(1) This paper studies the planning method of
urban three-dimensional green landscape expansion
pattern, and puts forward a planning method based
on extension analysis. The landscape patch pattern
and landscape corridor pattern after analysis and calculation are applied to the planning method. The
qualitative relationship between the different structures of urban three-dimensional green landscape
and the needs of urban residents is created by the demand primitives of urban residents. And the conflict
between structural characteristics and demands are
eliminated by using extension transformation, and
the solution space of subsequent planning is expanded. Thus, the dynamic allocation needs of urban
residents can be fed back in the analyzed landscape
patch pattern and corridor pattern primitives, so as to
realize the expansion of urban three-dimensional
green landscape exhibition pattern planning.
(2) The practical application results show that
the patch and corridor index of the urban three-dimensional green landscape expansion pattern after
planning have been improved to a higher degree, and
the satisfaction score after planning is higher, and the
average satisfaction score is more than 90 points,
which is about 15 points higher than the traditional
method. Therefore, the optimization effect of this
method is better.
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PHQWRIUHVRXUFHVDQGWKHJUDGXDOH[SDQVLRQRIWKH
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KHDY\PHWDOOHDGLVGLVFKDUJHGLQWRWKHHQYLURQPHQW
FDXVLQJLWVQDWXUDOEDFNJURXQGFRQFHQWUDWLRQWRFRQ
WLQXH WR ULVH >@ +XPDQV DUH XVXDOO\ H[SRVHG WR
OHDGWKURXJKIRRGZDWHULQKDODWLRQRIOHDGFRQWDP
LQDWHG GXVW SDUWLFOHV RU DHURVROV LQ WKH ZRUNSODFH
(YHQORZOHYHOOHDG  H[SRVXUHZLOODIIHFWDO
PRVW DOO RUJDQ V\VWHPV FDXVLQJ DFXWH DQG FKURQLF
WR[LFLW\HIIHFWV>@VXFKDVDJJUDYDWLQJWKHERG\ V
LQIODPPDWRU\ UHVSRQVH UHQDO IDLOXUH DQG VWLPXOD
WLRQLQGXFHGWXPRUV>@2Q2FWREHUWKH
,QWHUQDWLRQDO$JHQF\IRU5HVHDUFKRQ&DQFHU ,$5& 
RIWKH:RUOG+HDOWK2UJDQL]DWLRQDQQRXQFHGDOLVW
RIFDUFLQRJHQVDQGOHDGZDVFODVVLILHGDVDEFDU
FLQRJHQ
0LFURELRORJLFDO FRQWURO DQG WUHDWPHQW ZLWK
OHDG DGVRUSWLRQ DQG WROHUDQFH LV D PHWKRG WKDW KDV
EHHQ ZLGHO\ XVHG LQ UHFHQW \HDUV 7KHUH DUH PDQ\
W\SHVRIELRVRUEHQWVZLGHVRXUFHVDQGHDV\DYDLOD
ELOLW\RIUDZPDWHULDOV7KHVHDGYDQWDJHVSURYLGHD
JUHDWSRVVLELOLW\IRUWKHGHYHORSPHQWDQGXWLOL]DWLRQ
RI ELRVRUSWLRQ PHWKRGV >@ 7KH UHDFWLRQ PHFKD
QLVPRIPLFURELDODGVRUSWLRQRIOHDGFDQEHVXEGL
YLGHGLQWRVXUIDFHFRPSOH[DWLRQPHFKDQLVPLRQH[
FKDQJHPHFKDQLVPR[LGDWLRQUHGXFWLRQPHFKDQLVP
DQGHOHFWURVWDWLFDGVRUSWLRQPHFKDQLVPDFFRUGLQJWR
WKHGLIIHUHQWFHOOVLWHVRIOHDGDGVRUSWLRQE\PLFURRU
JDQLVPV >@ $W SUHVHQW WKHUH DUH PRUH DQG
PRUHUHSRUWVRQWKHSURELRWLFVRI\HDVW6LQFH6ERX
ODUGLLZDVUHFRJQL]HGDVDSURELRWLF&DQGLGDXWLOLV
6DFFKDURP\FHV FHUHYLVLDH &DQGLGD WURSLFDOLV HWF
DUHUHFRJQL]HGE\WKH&DWDORJXHRI)HHG$GGLWLYHV



E\363

9ROXPH±1RSDJHV

RIWKH0LQLVWU\RI$JULFXOWXUHDVDVDIH\HDVWDOORZHG
WREHXVHG6RPHVFKRODUVKDYHIRXQGWKDW6DFFKDUR
P\FHV FHUHYLVLDH KDV KLJK DGVRUSWLRQ SHUIRUPDQFH
IRU3EDQGWKH&22+1+DQG+32JURXSV
LQ\HDVWDUHWKHPDLQELRVRUSWLRQVLWHVIRUPHWDOLRQV
>@7KHSKRVSKDWHPRGLILHGEDNHU¶V\HDVW 30%< 
SUHSDUHGE\/LX6HWDODGVRUEHG3ELQWKHDTXHRXV
VROXWLRQ7KHUHVXOWVVKRZHGWKDWWKHPHFKDQLVPRI
30%<¶VDGVRUSWLRQRI3ELVLRQH[FKDQJHHOHFWUR
VWDWLF LQWHUDFWLRQ DQG WKH FKHODWLRQ RI SKRVSKDWH
JURXSVZLWK3E>@
7KH PHFKDQLVP RI \HDVW DGVRUSWLRQ RI KHDY\
PHWDOVLVPRUHFRPSOLFDWHGDQGWKHDGVRUSWLRQFD
SDFLW\DQGDGVRUSWLRQPHFKDQLVPRIGLIIHUHQW\HDVWV
DUHQRWWKHVDPH$IWHUWKHH[WUDFHOOXODUDGVRUSWLRQ
RIKHDY\PHWDOLRQVE\\HDVWKHDY\PHWDOLRQVZLOO
SHQHWUDWHLQWRWKHFHOOFDXVLQJJOXWDWKLRQHWRDOOHYL
DWHR[LGDWLYHVWUHVVUHODWHGJHQHDQGSURWHLQH[SUHV
VLRQWKHWUDQVSRUWDWLRQRIWKHSURWHLQDQGWKHELQG
LQJRIPHWDOORWKLRQHLQWKDWUHGXFHVLWVWR[LFLW\HWF
>@5DGLFHWDOFRQGXFWHGVWXGLHVRQ&DQGLGD
WURSLFDOLV 7'6 WUHDWHGZLWKFRSSHULRQVDQG
WKHUHVXOWVVKRZHGWKDW&DQGLGDWURSLFDOLVKDVDFHU
WDLQHIIHFWRQPHWDOORWKLRQHLQLQWKHSURFHVVRIFRS
SHUUHVLVWDQFH>@
2QH VWUDLQ RI :LFNHUKDPRP\FHV DQRPDOXV
4) ZLWK KLJK UHVLVWDQFH PJ/ 3E  RQH
VWUDLQRI0HWVFKQLNRZLDFKU\VRSHUODH4.ZLWK
ORZ UHVLVWDQFH PJ/ 3E  DQG RQH VWUDLQ RI
5KRGRWRUXOD PXFLODJLQRVD 4' ZLWK KLJK UH
VLVWDQFH PJ/ 3E  DUH XVHG DV WKH UHVHDUFK
REMHFWDQGWKHLU3EDGVRUSWLRQFDSDFLW\DQGPHFK
DQLVPDUHVWXGLHG7KHUHVXOWVSURYLGHDEDVLVIRUHOX
FLGDWLQJWKHPHFKDQLVPRI\HDVW3EDGVRUSWLRQDQG
DOVRSURYLGHDFHUWDLQUHIHUHQFHEDVLVRQWKHUHPRYDO
RI3ELQWKHHQYLURQPHQWIRRGDQGKXPDQERG\


0$7(5,$/6$1'0(7+2'6

0DWHULDOVDQGUHDJHQWV7KUHHVWUDLQVRI\HDVW
:DQRPDOXV4)0FKU\VRSHUODH4.DQG
5 PXFLODJLQRVD 4' ZLWK 3E UHVLVWDQFH SUR
YLGHGE\WKH)RRG%LRWHFKQRORJ\7HDPRIWKH)RRG
&ROOHJHRI$JULFXOWXUDO8QLYHUVLW\DUHLVRODWHGIURP
KHDY\PHWDOFRQWDPLQDWHGVRLOLQ,QQHU0RQJROLD

,QVWUXPHQWVDQGHTXLSPHQW$$6)ODPH
$WRPLF $EVRUSWLRQ 6SHFWURPHWHU %HLMLQJ *HQHUDO
&RPSDQ\ 6(0 66FDQQLQJ(OHFWURQ0LFUR
VFRSH-DSDQ+LWDFKL&RPSDQ\ )7,5 1LFROHWL6
$PHULFDQ7KHUPRILVKHU 7(0 -(0(;-D
SDQ-(2/&RPSDQ\;0D[(QHUJ\6SHFWURPH
WHU2[IRUG8.,QVWUXPHQWFRPSDQ\

0HWKRGV  $FWLYDWLRQ RI WHVW VWUDLQV 7KH
WHVWVWUDLQVVWRUHGLQJO\FHURODUHSXWLQWRP/RI
<(3'PHGLXPZLWKDQLQRFXOXPRIȝ/FXOWXUHG
ZLWK VKDNLQJ DW & IRU  K DQG WKHQ SXW LQWR
<(3' PHGLXP ZLWK DQ LQRFXOXP RI  ȝ/ 7KH



)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

VDPH LQRFXOXP DQG FXOWXUH WLPH DUH DFWLYDWHG WR
WKUHHJHQHUDWLRQVDQGFHQWULIXJHG UPLQPLQ
DQG  ႏ  WR GLVFDUG WKH VXSHUQDWDQW WR FROOHFW WKH
EDFWHULD

 6WXG\RQWKHDGVRUSWLRQFDSDFLW\RIWHVW
VWUDLQVIRU3E:HDGGP/RI3EVWRFNVROX
WLRQV S+ RIGLIIHUHQWFRQFHQWUDWLRQVLQD
ZHOOVTXDUHGHHSZHOOSODWHDQGWKHQDGGDEDFWHULDO
VXVSHQVLRQZLWKDPDVVFRQFHQWUDWLRQRIJ/ ZHW
ZHLJKW $IWHUVKDNLQJIRUPLQXWHVWKHDGVRUS
WLRQVROXWLRQZDVFHQWULIXJHG UPLQPLQ WR
WDNH WKH VXSHUQDWDQW DQG WKH 3E FRQWHQW ZDV GH
WHFWHGE\IODPHDWRPLFDEVRUSWLRQVSHFWURPHWU\>@
$VHULHVRI3EVWDQGDUGVROXWLRQVDUHSUHSDUHG
DQG WKH FRUUHVSRQGLQJ DEVRUEDQFH 2'QP 
YDOXHLVPHDVXUHGE\IODPHDWRPLFDEVRUSWLRQVSHF
WURPHWU\$FFRUGLQJWRWKHDEVRUEDQFHYDOXHPHDV
XUHGE\WKHVDPSOHWXEHWKH3EFRQWHQWLVFDOFX
ODWHGE\WKHOLQHDUUHJUHVVLRQHTXDWLRQDQGWKHQWKH
DPRXQWRIKHDY\PHWDO3EDGVRUEHGE\WKHZHWEDF
WHULDDQGWKHDGVRUSWLRQUDWHDUHFDOFXODWHGDFFRUGLQJ
WRWKHIROORZLQJIRUPXODV  DQG  >@
$GVRUSWLRQFDSDFLW\* $% &  
$GVRUSWLRQUDWH*  $% $  
$3EFRQWHQWLQWKHXQLQRFXODWHG\HDVWWUHDW
PHQWVROXWLRQ PJ %3EFRQWHQWLQWKHVROXWLRQ
DIWHU \HDVW WUHDWPHQW PJ  &7KH DPRXQW RI \HDVW
DGGHG J 

  6WXG\ RQ WKH DGVRUSWLRQ PHFKDQLVP RI
WHVWVWUDLQVD 7KHLQIOXHQFHRIJURXSPDVNLQJRQ
WKHDELOLW\RIWHVWVWUDLQVWRDEVRUE3E,QWKLVH[
SHULPHQWUHIHUULQJWRWKHOLWHUDWXUHPHWKRGRI=KDR
HWDO>@WKHZHWEDFWHULDREWDLQHGIURPWKHDFWLYD
WLRQRIWKHWKLUGJHQHUDWLRQFHQWULIXJDWLRQLVPDVNHG
ZLWKWKHFDUER[\ODPLQRDQGSKRVSKRULFDFLGJURXSV
DQGWKHQLVXVHGIRUWKH3EDGVRUSWLRQWHVW7KHEDF
WHULD ZLWKRXW JURXS PDVNLQJ WUHDWPHQW GR D FRQ
WUROOHGH[SHULPHQW
E  6FDQQLQJ HOHFWURQ PLFURVFRSH REVHUYDWLRQ
RIWHVWVWUDLQVDIWHUDGVRUSWLRQRI3E:HFDUU\RXW
WKHOHDGDGVRUSWLRQH[SHULPHQWRIVWUDLQVFROOHFW
WKH EDFWHULDE\ FHQWULIXJDWLRQ DW UPLQ IRU 
PLQDIWHUWKHDGVRUSWLRQIL[WKHPLQJOXWDUDO
GHK\GH DW ႏ RYHUQLJKW DQG FHQWULIXJH DW 
UPLQIRUPLQWRFROOHFWWKHEDFWHULD
$IWHU WKDW ZH GHK\GUDWH WKHP ZLWK GLIIHUHQW
FRQFHQWUDWLRQVRIHWKDQROJUDGLHQWIRUPLQ$IWHU
VSUD\LQJJROGRQWKHGULHGVDPSOHVZHREVHUYHDQG
WDNHSLFWXUHVXQGHUDVFDQQLQJHOHFWURQPLFURVFRSH
7KH EODQN FRQWURO XVHV XOWUDSXUH ZDWHU LQVWHDG RI
OHDGVROXWLRQ>@
F 7UDQVPLVVLRQHOHFWURQPLFURVFRSHREVHUYD
WLRQ DQG HQHUJ\ VSHFWUXP VFDQQLQJ DIWHU WKH WHVW
VWUDLQDGVRUEHG3E,QWKLVH[SHULPHQWUHIHUULQJWR
WKHOLWHUDWXUHPHWKRGRI-LDR'>@WKHSRO\PHUL]HG
EDFWHULDOFHOOVDUHXOWUDWKLQO\VHFWLRQHGVWDLQHGZLWK
XUDQ\O DFHWDWHOHDG FLWUDWH REVHUYHG XQGHU D WUDQV
PLVVLRQHOHFWURQPLFURVFRSH
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),*85(
7KHHIIHFWRIGLIIHUHQW3EFRQFHQWUDWLRQVRQWKH
DELOLW\RIVWUDLQVWRDGVRUE3E
1RWHV'LIIHUHQWORZHUFDVHOHWWHUVLQGLFDWHWKDW\HDVW4)
4.DQG4'KDYHVLJQLILFDQWGLIIHUHQFHVLQ
WKHDPRXQWRI3EDGVRUEHGDWGLIIHUHQW3EFRQFHQWUD
WLRQV S 7KHFDSLWDOOHWWHUV$%DQG&LQGLFDWHWKH
HIIHFWVRIGLIIHUHQW3EFRQFHQWUDWLRQVRQWKHDGVRUSWLRQ
RI3EE\WKHVWUDLQV4)4.DQG4'


G )RXULHULQIUDUHGVSHFWURVFRS\REVHUYDWLRQRI
WHVW VWUDLQV DIWHU DGVRUSWLRQ RI 3E ,Q WKLV H[SHUL
PHQWUHIHUULQJWRWKHOLWHUDWXUHPHWKRGRI2K>@
WKH IUHH]HGULHG VDPSOHV DUH WKRURXJKO\ PL[HG
JURXQGDQGSUHVVHGLQWRWDEOHWVDQGWKHQSODFHGRQ





)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

D)RXULHU,QIUDUHG$EVRUSWLRQ6SHFWURPHWHUIRUWHVW
LQJ

 6WDWLVWLFDO$QDO\VHV(DFKH[SHULPHQWLVUH
SHDWHGWLPHVLQSDUDOOHODQGWLPHVLQSDUDOOHOXV
LQJ VSVV IRU RQHZD\ DQDO\VLV RI YDULDQFH DQG
VLJQLILFDQWGLIIHUHQFHDQDO\VLV7KHGDWDUHVXOWVDUH
H[SUHVVHGDV;ࡄ67KHFKDUWLVGUDZQWRJHWKHUZLWK
([FHODQG2ULJLQVRIWZDUH'LIIHUHQWORZHUFDVHOHW
WHUVLQWKHFKDUWLQGLFDWHWKHGLIIHUHQFHVDUHVLJQLIL
FDQW S 


5(68/76

7KH DGVRUSWLRQ UHVXOWV RI GLIIHUHQW FRQFHQ
WUDWLRQVRI3EE\\HDVW7KHDGVRUSWLRQFDSDFLW\
DQGDGVRUSWLRQUDWHWHVWUHVXOWVRIVWUDLQVRI\HDVW
4) 4. DQG 4' IRU GLIIHUHQW KHDY\
PHWDO3EFRQFHQWUDWLRQVDUHVKRZQLQ)LJXUH$
%DQG&
)URP)LJXUH$%DQG&LWFDQEHVHHQWKDW
WKH DGVRUSWLRQ FDSDFLW\ RI \HDVW 4) 4.
DQG4'RQKHDY\PHWDO3ELVaPJ/
VKRZLQJ WKH LQFUHDVLQJ WUHQG )LJXUH  VKRZV WKDW
ZKHQWKH3EFRQFHQWUDWLRQLVPJ/WKHDGVRUS
WLRQFDSDFLW\RIWKHVHWKUHHGLIIHUHQW\HDVWVUHDFKHV
WKH PD[LPXP YDOXH RI PJJ
PJJ PJJ UHVSHFWLYHO\ 7KH
DGVRUSWLRQUDWHRI\HDVW4)DQG4.VKRZVD
GRZQZDUGWUHQGDVDZKROH7KH3EFRQFHQWUDWLRQ
GHFOLQHVIDVWHUEHWZHHQaPJ/DQGWHQGVWR
EH JHQWOH EHWZHHQ aPJ/ :KHQ WKH DG
VRUSWLRQUDWHLVPJ/7KHPD[LPXP3EFRQ
FHQWUDWLRQ UHDFKHV   DQG WKH \HDVW
4'DGVRUSWLRQUHDFKHGWKHPD[LPXPDW
WKH UDWH RI PJ/ 7KH DGVRUSWLRQ DPRXQW LQ
FUHDVHVILUVWDQGWKHQGHFUHDVHVZLWKWKHLQFUHDVHRI
3EFRQFHQWUDWLRQ7KHUHDVRQPD\EHWKDWZKHQWKH
3EFRQFHQWUDWLRQLVKLJKWKHHOHFWURVWDWLFHIIHFWLQ
FUHDVHV WKH FROOLVLRQ SUREDELOLW\ EHWZHHQ 3E DQG
WKHDGVRUSWLRQELQGLQJVLWHRQWKHEDFWHULDOVXUIDFH
>@ WKH DGVRUSWLRQ DPRXQW DW WKLV WLPH LV KLJKHU
ZKLFKLVFRQVLVWHQWZLWKWKHUHVXOWVRI=KDR;>@
:KHQWKHELQGLQJVLWHVRQWKHVXUIDFHRIWKHEDFWHULD
DUHVDWXUDWHGWKHLQWHUQDOWUDQVSRUWDQGHIIOX[V\VWHP
EHJLQVWRWDNHHIIHFWSURPRWLQJWKHHIIOX[RI3E
DQGWKHDGVRUSWLRQFDSDFLW\GHFUHDVHV7KHDGVRUS
WLRQ WHVW UHVXOWV IRU GLIIHUHQW 3E FRQFHQWUDWLRQV
VKRZWKDWWKH3EDGVRUSWLRQFDSDFLW\RIVWUDLQV:
DQRPDOXV 4) DQG 0 FKU\VRSHUODH 4. LV
VWURQJHUWKDQWKDWRI5PXFLODJLQRVD4'

7KHLQIOXHQFHRI\HDVWRQ3EDGVRUSWLRQFD
SDFLW\DIWHUFKHPLFDOPRGLILFDWLRQ,WFDQEHVHHQ
IURP )LJXUH  WKDW LQ WKH SURFHVV RI DGVRUSWLRQ RI
3EE\WKHWKUHHVWUDLQVWKHHIIHFWVRIWKHPDVNLQJ
RI YDULRXV JURXSV RQ LW DUH FRPSOHWHO\ FRQVLVWHQW
&RPSDUHGZLWKWKHXQWUHDWHGEDFWHULDWKHDGVRUSWLRQ
UDWHDQGDGVRUSWLRQDPRXQWRIWKHWKUHHVWUDLQVDIWHU
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WKHJURXSPDVNLQJDOOGHFUHDVHV$PRQJWKHPWKH
DGVRUSWLRQ UDWH RI WKH VWUDLQ : DQRPDOXV 4)
PDVNHGE\FDUER[\OJURXSDPLQHJURXSDQGSKRV
SKDWH JURXS GHFUHDVHV IURP  WR 
DQGUHVSHFWLYHO\7KHDGVRUSWLRQ






),*85(
7KHHIIHFWRIGLIIHUHQWFKHPLFDOPRGLILFDWLRQVRQ
WKHDELOLW\RIVWUDLQVWRDGVRUE3E



1RWHV'LIIHUHQWORZHUFDVHOHWWHUVLQGLFDWHWKDW\HDVW4)
 4. 4' KDYH VLJQLILFDQW GLIIHUHQFHV LQ WKH
DPRXQWRI3EDGVRUEHGXQGHUGLIIHUHQWFKHPLFDOPRGLIL
FDWLRQV S &DSLWDOOHWWHUV$%&UHVSHFWLYHO\LQGL
FDWHWKHHIIHFWVRIGLIIHUHQWFKHPLFDOPRGLILFDWLRQVRQWKH
DGVRUSWLRQRI3EE\VWUDLQV4)4.DQG4'






)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

UDWH RI 0 FKU\VRSHUODH 4. GHFUHDVHV IURP
 WR   DQG  UHVSHF
WLYHO\7KHDGVRUSWLRQUDWHRI5PXFLODJLQRVD4'
 GHFUHDVHV IURP  WR  
 UHVSHFWLYHO\ LQGLFDWLQJ WKDW WKH WKUHH
JURXSV LQ WKH VWUDLQV 4) 4. 4' DOO
SOD\ DQ LPSRUWDQW UROH LQ WKH SURFHVV RI DGVRUELQJ
3E:KHQVRPHPHWKRGVDUHXVHGWRPDVNLWWKH
VWUDLQ¶VDELOLW\WRDGVRUE3EZLOOEHUHGXFHG7KH
FRQWULEXWLRQUDWHLVLQWKHRUGHURIDPLQRJURXS!FDU
ER[\OJURXS!SKRVSKDWHJURXSDQGWKHFRQWULEXWLRQ
UDWHRIFDUER[\ODQGDPLQRVKRZVQRVLJQLILFDQWGLI
IHUHQFH S! $OWKRXJKWKHSKRVSKDWHJURXSKDV
DGRZQZDUGWUHQGLWLVQRWVLJQLILFDQW
6LPLODUWRWKHDERYHFRQFOXVLRQV+DQ5HWDO
DOVRIRXQG WKDW DIWHU FKHPLFDOO\ PRGLILHGFDUER[\O
HVWHULILFDWLRQ RI EHHU \HDVW LWV 3E DGVRUSWLRQ FD
SDFLW\ GHFUHDVHV IURP  ȝPROāJ WR 
ȝPROāJ >@ 6DODK 1 HW DO DOVR FRQILUPHG WKDW
\HDVWZLWKFDUER[\OJURXSVDPLQRJURXSVDQGSKRV
SKRULF DFLG JURXSV DIIHFW WKH DGVRUSWLRQ RI PHWDO
LRQV>@*D]HP0$+HWDOVWXGLHGWKHDGVRUSWLRQ
RIDVSHUJLOOXVVSHFLHV>@;LQJ6HWDOREWDLQHG
VLPLODUFRQFOXVLRQVLQWKHVWXG\RIWKHHIIHFWRIIXQF
WLRQDOJURXSPRGLILFDWLRQWKURXJK%FRDJXODQV5
RQ3EDGVRUSWLRQ>@

6FDQQLQJHOHFWURQPLFURVFRS\UHVXOWVRIWHVW
VWUDLQVDIWHUDGVRUSWLRQRI3E,QRUGHUWRIXUWKHU
VWXG\ WKH DGVRUSWLRQ PHFKDQLVP RI : DQRPDOXV
4) 0 FKU\VRSHUODH 4. DQG 5 PXFLODJL
QRVD4'WKLVH[SHULPHQWXVHVVFDQQLQJHOHFWURQ
PLFURVFRS\WRYLVXDOL]HWKHPLFURVFRSLFPRUSKRORJ
LFDOFKDQJHVRQWKHVXUIDFHRIWKHEDFWHULDWRGHWHU
PLQHWKHLQIOXHQFHRIEDFWHULDOFHOOVWUXFWXUHEHIRUH
DQGDIWHU3EDGVRUSWLRQ
)LJXUH $ & DQG ( DUH VWUDLQV : DQRPDOXV
4) 0 FKU\VRSHUODH 4. 5 PXFLODJLQRVD
4'EODQNFRQWUROEDFWHULD7KHILJXUHVKRZVWKDW
WKHVWUDLQV4)FHOOVKDYHPRUHZULQNOHVRQWKH
VXUIDFHZKLFKJUHDWO\LQFUHDVHVWKHVSHFLILFVXUIDFH
DUHD RI WKH EDFWHULD DQG SURYLGHV D ODUJHU FRQWDFW
VXUIDFHIRUWKHDGVRUSWLRQRI3E)LJXUH%'DQG
)DUHWKH3EDGVRUSWLRQJURXSRIEDFWHULD$IWHUDG
VRUSWLRQRI3EWKHFHOOPRUSKRORJ\FKDQJHVRIWKH
WKUHHVWUDLQVDUHREYLRXV7KHERG\VXUIDFHDQGFHOO
VWUXFWXUH RI 4) 4. DQG 4' EDFWHULD
KDYHEHHQGDPDJHGWRYDU\LQJGHJUHHV$PRQJWKHP
4)DQG4.FHOOVKDYHDJJUHJDWHGDQGPXO
WLSOHFOXPSVDUHVWXFNWRJHWKHULUUHJXODUO\>@7KLV
PD\EHGXHWRWKDW3ERQWKHVXUIDFHRIWKHFHOOV
FRXOGFDXVHFRQGHQVDWLRQDQGDJJUHJDWLRQGXHWRWKH
LQFUHDVHRIVLPLODUVXEVWDQFHVRUWKHGHQDWXUDWLRQRI
SURWHLQ 7KH VKDSH RI WKH EDFWHULD 4)FKDQJHV
PRUHVHYHUHO\DIWHUDGVRUELQJ3EVKRZLQJIODWRU
GULHG SHUVLPPRQ VKDSH ZKLFK PD\ EH GXH WR WKDW
4)DGVRUELQJPRUH3E7KHGDPDJHWRWKHVXU
IDFHVWUXFWXUHLVPRUHVHULRXVDQGWKHUHDUHGHSRVLWV
RQWKHVXUIDFHRIWKHEDFWHULDLQGLFDWLQJWKDWH[WUD
FHOOXODUSUHFLSLWDWLRQLVOLNHO\WREHDQLPSRUWDQW
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),*85(
6FDQQLQJHOHFWURQPLFURJUDSKVRIH[SHULPHQWDOVWUDLQVEHIRUHDQGDIWHU3EDGVRUSWLRQ
1RWHV $ & ( LV4)4.DQG4'EHIRUHDGVRUSWLRQRI3E % ' ) LV4)4.DQG4'DIWHU
DGVRUELQJ3E PJ/ 


PHFKDQLVP IRU WKH EDFWHULD WR DGVRUE OHDG > @
4'KDVRQO\DVPDOODPRXQWRIXQHYHQJUDQXODU
OHDGRQWKHVXUIDFH7KHUHVXOWVVKRZWKDWWKHUHDUH
PRUHJUDQXODUOHDGSUHFLSLWDWHVDWWDFKHGWRWKHVXU
IDFH RI 4) EDFWHULD WKDQ 4. DQG 4'
IXUWKHU YHULI\LQJ LWV KLJK OHDG DGVRUSWLRQ FDSDFLW\
FRPSDUHGWRWKHRWKHUWZR\HDVWVWUDLQV

)7,5DQDO\VLVEHIRUHDQGDIWHUWKHWHVWVWUDLQ
DGVRUEHG3E,QRUGHUWRGHWHUPLQHWKHFKDQJHVRI
VRPHFKHPLFDOJURXSVRQWKHFHOOZDOOVRIWKHWKUHH
VWUDLQV EHIRUH DQG DIWHU WKH DGVRUSWLRQ RI 3E DQG
ZKHWKHU WKH FKHPLFDO VWUXFWXUH DQG FRPSRVLWLRQRI
WKHWKUHHVWUDLQVFKDQJHGEHIRUHDQGDIWHUWKHDGVRUS
WLRQ)RXULHULQIUDUHGVSHFWURVFRS\LVXVHGWRGHWHFW
WKHWKUHHVWUDLQV>@
,WFDQEHVHHQIURP)LJXUHWKDWDIWHUWKHVWUDLQ
4) DGVRUEHG 3E WKH PDLQ FKDUDFWHULVWLF DG
VRUSWLRQ SHDNV GR QRW FKDQJH VLJQLILFDQWO\ RQO\
VRPH YLEUDWLRQ SHDNV DUH GLVSODFHG ,W FDQ EH VHHQ
WKDWWKHDGVRUSWLRQRI3EGRQRWFDXVHVHULRXVGDP
DJHWRWKHVWUXFWXUHRIWKHEDFWHULDLWVHOI)RUH[DPSOH
WKHVWUHWFKLQJYLEUDWLRQSHDNRIPXOWLPROHFXODUDV
VRFLDWLRQ 2+  FP  WKH FKDUDFWHULVWLF
SHDN RI SURWHLQ & & DQG WKH VWUHWFKLQJ YLEUDWLRQ

SHDNRI& 2LQWKHDPLGH,EDQG FP WKH
VWUHWFKLQJYLEUDWLRQSHDNRIWKH&1VWUHWFKLQJYLEUD
WLRQDQG1+EHQGLQJYLEUDWLRQLQWKHDPLGH,,EDQG
FP WKH&22+DQWLV\PPHWULFDQGV\P
PHWULFVWUHWFKLQJSHDN FP WKH1+EHQG
LQJYLEUDWLRQRISKWKDODPLGH,,,WKH&1VWUHWFKLQJ
YLEUDWLRQSHDNDQG
WKHSKRVSKDWHERQGLQWHLFKRLFDFLG3 2VWUHWFKLQJ
YLEUDWLRQ  DUHVKLIWHGE\FP
FPFPFPFP7KHLQGLYLGXDO
SHDNFP WKHVWUHWFKLQJYLEUDWLRQSHDNRI
VXJDU&2DQG&2& GLVDSSHDUHG1DQG2DWRPVDUH
YHU\ OLNHO\ WR EH WKH PDLQ DGVRUSWLRQ VLWHV IRU WKH
VWUDLQ4)WRDGVRUE3E7KHDGVRUSWLRQRI3E
E\WKHEDFWHULDLVPDLQO\WKURXJKHOHFWURVWDWLFDWWUDF
WLRQ DQG FRPSOH[DWLRQ EHWZHHQ WKH DFWLYH JURXSV
VXFK DV K\GUR[\O DPLQR FDUERQ\O DQG SKRVSKDWH
JURXSVLQWKHFHOOFRPSRQHQWVDQG3E;LQJ6HWDO
DOVRSURYHGWKDWWKHHOHFWURVWDWLFDWWUDFWLRQDQGFRP
SOH[LQJDFWLYLW\RIIXQFWLRQDOJURXSVLVWKHPDLQZD\
IRU YHJHWDWLYH FHOOV DQG VSRUHV WR DFFXPXODWH 3E
RXWVLGHWKHFHOO>@
,WFDQEHVHHQIURP)LJXUHWKDWEHIRUHDQGDI
WHUWKHDGVRUSWLRQRI3EE\5PXFLODJLQRVD4'
WKHVKDSHRIWKHVSHFWUXPEDVLFDOO\GRQRWFKDQJH
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7KHUHGVKLIWRIWKHYLEUDWLRQSHDNE\FPLQ
GLFDWHV WKDW WKH 2+ ERQG OHQJWK LQFUHDVHV ZKLFK
PD\EHLQYROYHGLQWKHLQWHUDFWLRQSURFHVVZLWK3E
7KHFDUERQFKDLQRIWKHK\GURSKLOLFVXEVWDQFH &+
WKHVWUHWFKLQJYLEUDWLRQDEVRUSWLRQEDQGRI&+DQG
SURWHLQDPLGH,EDQG& 2VWUHWFKLQJYLEUDWLRQSHDN
VKLIWVDIWHUWKHDGVRUSWLRQGRQRWVKRZREYLRXVSHDN
VKLIWDQGWKHUHLVQRGLVDSSHDUDQFHRIWKHSHDNLQGL
FDWLQJ WKDW WKH DELOLW\ RI 4' WR DGVRUE 3E LV
ZHDNHUWKDQWKDWRI4)

DQGQRSHDNGLVDSSHDUVLQGLFDWLQJWKDWDIWHU4'
DGVRUEHG3ELWVPDLQFRPSRQHQWVDQGVWUXFWXUHUH
PDLQHGLQWDFW7KHDEVRUSWLRQSHDNVRI4'EH
IRUH DQG DIWHU WKH DGVRUSWLRQ RI 3E DW HDFK ZDYH
QXPEHU DUHEDVLFDOO\ WKH VDPH DV WKRVHRI 4)
LQGLFDWLQJWKDWVRPHRIWKHJURXSVLQWKHEDFWHULDDUH
WKHVDPH7KHZDYHOHQJWKUDQJHRIFP
FPLV PDLQO\ WKH VWUHWFKLQJ YLEUDWLRQ DEVRUSWLRQ
EDQGRI2+LQSURWHLQVSRO\VDFFKDULGHVDQGIDWW\
DFLGVHWF4'DGVRUEV3EDIWHUWKHPXOWLPR
OHFXODU DVVRFLDWLRQ 2+ VWUHWFKHV DW  FP




),*85(
,QIUDUHGVSHFWUDRI4)EHIRUHDQGDIWHU3EDGVRUSWLRQ


),*85(
,QIUDUHGVSHFWUDRI4'EHIRUHDQGDIWHU3EDGVRUSWLRQ
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),*85(
,QIUDUHGVSHFWUDRI4.EHIRUHDQGDIWHU3EDGVRUSWLRQ

,WFDQEHVHHQIURP)LJXUHWKDWDIWHU0FKU\V
RSHUODH4.DGVRUSWLRQWKHVWUHWFKLQJYLEUDWLRQ
DEVRUSWLRQSHDNRI2+VKLIWHGIURPFPWR
 FP ZLWK D EOXH VKLIW )DW FDUERQ FKDLQ 
&+ DQG &+ VWUHWFKLQJ YLEUDWLRQ DEVRUSWLRQ EDQG
DPLGH,EDQGDPLGH,,EDQGDPLGH,,,EDQGDQG
+32VXJDU&2&2&VWUHWFKLQJYLEUDWLRQSHDNV
VWUHWFKLQJYLEUDWLRQSHDNVRIFP
FPFPFPFPDQG
 FP UHVSHFWLYHO\ KDYH DOPRVW QR FKDQJH
LQ GLVSODFHPHQW DIWHU DGVRUSWLRQ RI 3E $PRQJ
WKHP WKH &22+ VWUHWFKLQJ YLEUDWLRQ DEVRUSWLRQ
SHDNLVRQO\UHGVKLIWHGE\FPIURPFP

 7KLV DOVR VKRZV WKDW WKH DGVRUSWLRQ FDSDFLW\ RI
4' IRU 3E LV VLJQLILFDQWO\ ORZHU WKDQ WKDW RI
4.DQG4)YHUI\LQJWKDWWKHDGVRUSWLRQFD
SDFLW\ RI \HDVW IRU 3E IURP KLJK WR ORZ LV 4)
!4.!4'$WWKHVDPHWLPHLWLVDOVRYHU
LILHG WKDW GLIIHUHQW FKHPLFDO PRGLILFDWLRQV UHGXFH
WKHDGVRUSWLRQFDSDFLW\RIWKHVWUDLQDIWHUDGVRUELQJ
3E DQG WKH FRQWULEXWLRQ UDWH LV LQ WKH RUGHU RI
DPLQR JURXS! FDUER[\O JURXS! SKRVSKDWH JURXS
:DQJ;FRQGXFWHGUHVHDUFKDQGDQDO\VLVRIXUDQLXP
LRQDGVRUSWLRQE\DFWLYH\HDVWE\LQIUDUHGVSHFWURV
FRS\ )7,5 'XULQJWKHDGVRUSWLRQRIXUDQLXPLRQ
E\DFWLYH\HDVWLWLVDOVRSURYHGWKDW2+& 21+
&1HWFDUHWKHPDLQDGVRUSWLRQIXQFWLRQDOJURXSV
>@
6XPPDUL]LQJ WKH DERYH UHVXOWV WKH PDLQ SDUW
RIWKHWKUHHVWUDLQVWRDGVRUEKHDY\PHWDOVLVRQWKH
FHOOZDOODQGWKHDFWLYLW\RIYDULRXVJURXSVRQWKH
FHOOZDOOGLUHFWO\DIIHFWVWKHDGVRUSWLRQRI3EE\WKH
WKUHHVWUDLQV7KHJURXSVLQYROYHGLQWKHDGVRUSWLRQ
RI3ELQFOXGHWKHSURWHLQDPLGH,EDQGRQWKHFHOO



ZDOODQGWKH&1DQG1+2+SKRVSKDWHJURXSV
3 2+32 DQG&22+RIWKHDPLGH,,RQWKH
FHOOZDOO

7UDQVPLVVLRQ HOHFWURQ PLFURVFRSH REVHUYD
WLRQDQGHQHUJ\VSHFWUXPVFDQQLQJDIWHUWKHWHVW
VWUDLQ DGVRUEHG 3E 7KH WUDQVPLVVLRQ HOHFWURQ
PLFURJUDSKVRIWKHWKUHHVWUDLQVEHIRUHDQGDIWHU3E
DGVRUSWLRQDUHVKRZQLQ)LJXUHDEFGHI7KH
FHOOVXUIDFHVRIWKHWKUHHVWUDLQVEHIRUHDQGDIWHUWKH
DGVRUSWLRQRI3EDUHDOOVPRRWK )LJXUHDEDQG
F  WKH FHOO VWUXFWXUH LV EDVLFDOO\ FRPSOHWH DQG WKH
FHOO PRUSKRORJ\ KDV QRW FKDQJHG PXFK $IWHU DG
VRUSWLRQRI3E )LJXUHGHDQGI REYLRXVEODFN
VHGLPHQWV DSSHDUHG RQ WKH VXUIDFH RI WKH WKUHH
VWUDLQV
&RPSDULQJ WKH WUDQVPLVVLRQ HOHFWURQ PLFUR
JUDSKVRI:DQRPDOXV4)0FKU\VRSHUODH4.
DQG5PXFLODJLQRVD4'DIWHU3EDGVRUS
WLRQLWLVIRXQGWKDWWKHVXUIDFHRI:DQRPDOXV4)
LVEODFN7KHDPRXQWRIVHGLPHQWLVPXFKKLJKHU
WKDQWKDWRI0FKU\VRSHUODH4.DQG5PXFL
ODJLQRVD 4' 7KH UHVXOWV RI VFDQQLQJ HOHFWURQ
PLFURVFRS\DUHFRQVLVWHQWZLWKWKHSKHQRPHQRQRI
FHOO DJJUHJDWLRQ 7KLV PD\ EH EHFDXVH DW WKH VDPH
3EPDVVFRQFHQWUDWLRQWKHDGVRUSWLRQFDSDFLW\RI
: DQRPDOXV 4) RQ 3E LV JUHDWHU WKDQ WKDW
FDXVHGE\0FKU\VRSHUODH4.DQG5PXFLODJL
QRVD4'7KH EODFNVHGLPHQWV RI WKH  VWUDLQV
DUHLUUHJXODUO\GLVWULEXWHGRQWKHVXUIDFHRIWKHEDF
WHULD,WLVVSHFXODWHGWKDWWKHVXUIDFHRIWKHVWUDLQV
PD\LQYROYHVSHFLILFSURWHLQVRUSRO\VDFFKDULGHVWR
DGVRUE3E,QDGGLWLRQWKHEODFNVHGLPHQWVRIWKH
VWUDLQVKDYHHQWHUHGWKHFHOODQGWKHFRQWHQWRI
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),*85(
7UDQVPLVVLRQHOHFWURQPLFURVFRSHLPDJHVRI4)4'DQG4.EHIRUHDQGDIWHU3EDGVRUS
WLRQ
1RWHVDEFDUHEHIRUH3EDGVRUSWLRQGHIDUHDIWHU3EDGVRUSWLRQ


3E LQ:DQRPDOXV4)LVVLJQLILFDQWO\KLJKHU
WKDQ WKDW LQ 0 FKU\VRSHUODH4. DQG 5 PXFL
ODJLQRVD4' 7KH UHDVRQ PD\ EH WKDW DIWHU WKH
EDFWHULDO FHOOV WUDQVIHU LW LQWR WKH FHOO WKURXJK WKH
WUDQVSRUW PHFKDQLVP LW FDXVHV WKH LQWUDFHOOXODU
VWUHVV UHVSRQVH WR SURGXFH D ODUJH QXPEHU RI HQ
]\PHV DQG SRO\SHSWLGHV WKDW ELQG WR LW 7KHQ WKH
KHDY\PHWDOFRQMXJDWHVDUHVHSDUDWHGDQGH[WHUQDO
L]HGE\WKHWUDQVSRUWV\VWHPVXFKDV$%&WUDQVSRUWHU
7KLVDOVRH[SODLQVWKHUHDVRQZK\WKHDGVRUSWLRQFD
SDFLW\ ZLOO GHFUHDVH ZKHQ 3E LV DGVRUEHG IURP
aPJ/DQGUHDFKHVDFHUWDLQFRQFHQWUDWLRQ
DQGDGVRUSWLRQFDSDFLW\
7KHVXUIDFHRIWKHWKUHHVWUDLQVRIEDFWHULDEH
IRUHDQGDIWHUWKHDGVRUSWLRQRI3EZDVVFDQQHGE\
HQHUJ\VSHFWUXPGLVSHUVLRQVSHFWUXP7KHUHVXOWLV
VKRZQLQ)LJXUH)URPWKH)LJXUHDEDQGHLW
FDQEHVHHQWKDWWKHVXUIDFHRIWKHWKUHHVWUDLQVEHIRUH
WKHDGVRUSWLRQGRQRWVKRZWKHFKDUDFWHULVWLFSHDNRI
3E $IWHU WKH  VWUDLQV DGVRUEHG 3E WKH HQHUJ\
VSHFWUXPFOHDUO\VKRZHGWKHREYLRXVFKDUDFWHULVWLF
SHDNRIOHDG )LJXUHFGDQGI ZKLFKSURYHVWKDW
WKHWKUHHVWUDLQVGRKDYH3EDGVRUSWLRQDQGWKHVH
VHGLPHQWVDUHLQGHHGOHDG


7KH PRVW REYLRXV WKLQJ LV WKDW E\ FRPSDULQJ
)LJXUHFDQG)LJXUHILWLVIRXQGWKDW:DQRPDOXV
4)DQG5PXFLODJLQRVD4'GRQRWKDYH0J
HOHPHQWRQWKHEDFWHULDEHIRUHDGVRUSWLRQ0JHOH
PHQWDSSHDUVLQWKHHQHUJ\VSHFWUXP,WLVLQIHUUHG
WKDW0JPD\DFWDVDQLRQH[FKDQJHGXULQJWKHDG
VRUSWLRQRI3EE\:DQRPDOXV4)DQG5PX
FLODJLQRVD4'LQGLFDWLQJWKHDGVRUSWLRQPHFK
DQLVP EHWZHHQ GLIIHUHQW VWUDLQV ZLOO EH GLIIHUHQW
7KHUHIRUHLWFDQEHFRQFOXGHGWKDWWKHPHFKDQLVPV
LQYROYHG LQ WKH DFFXPXODWLRQ RI 3E E\ WKH WKUHH
VWUDLQVDUHYHU\FRPSOLFDWHGDQGWKH\KDYHFRPPRQ
IXQFWLRQVVXFKDVVXUIDFHFRPSOH[SUHFLSLWDWLRQLQ
WUDFHOOXODUDFFXPXODWLRQDQGLRQH[FKDQJH


&21&/86,216

  7KH DGVRUSWLRQ FDSDFLW\ RI : DQRPDOXV
4) UHDFKHV WKH PD[LPXP YDOXH RI
PJJZKHQWKH3EFRQFHQWUDWLRQLVPJ/7KH
DGVRUSWLRQUDWHRI:DQRPDOXV4)UHDFKHVWKH
PD[LPXPYDOXHRIZKHQWKH3EFRQFHQ
WUDWLRQLVPJ/:DQRPDOXV4)KDV
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),*85(
&RPSDULVRQRIHQHUJ\VSHFWUDRI4)4.DQG4'EHIRUHDQGDIWHU3EDGVRUSWLRQ



1RWHVDEHDUH4)4.DQG4'EHIRUHDGVRUSWLRQRI3EFGIDUH4)4.DQG4'UHVSHFWLYHO\
DIWHUDGVRUELQJ3E


PRUH VXUIDFH ZULQNOHV ZKLFK LV WKH UHDVRQ IRU WKH
VWURQJDGVRUSWLRQFDSDFLW\
 7KHPDLQSDUWRIWKHWKUHHVWUDLQVIRUWKHDG
VRUSWLRQ RI KHDY\ PHWDOV LV RQ WKH FHOO ZDOO 7KH
JURXSVLQYROYHGLQWKHDGVRUSWLRQRI3ELQFOXGHWKH
SURWHLQDPLGH,EDQGRQWKHFHOOZDOODQGWKHDPLGH
,,&1DQG1+2+SKRVSKRULFDFLGJURXSV 3 2
+32 &22+DQGRWKHUIXQFWLRQDOJURXSV7KH
FRQWULEXWLRQ UDWH RI FDUER[\O JURXS DPLQR JURXS
DQG SKRVSKDWH JURXS LQ WKH SURFHVV RI  VWUDLQV RI
3E DGVRUSWLRQ LV DPLQR JURXS! FDUER[\O JURXS!
SKRVSKDWHJURXS
  $IWHU WKH DGVRUSWLRQ RI 3E WKH EDFWHULDO
VXUIDFHDQGFHOOVWUXFWXUHDUHGHVWUR\HGWKHOHDGGH
SRVLWVRQWKHEDFWHULDOVXUIDFHWKHEODFNGHSRVLWVLQ
VLGH WKH EDFWHULDO FHOOV DSSHDU 7KH DSSHDUDQFH RI
0JRI:DQRPDOXV4)DQG5PXFLODJLQRVD
4'EHIRUHDQGDIWHUWKHDGVRUSWLRQRI3ELQGL

FDWHVWKDWH[WUDFHOOXODUSUHFLSLWDWLRQLQWUDFHOOXODUDF
FXPXODWLRQDQGLRQH[FKDQJHDUHLPSRUWDQWPHFKD
QLVPVIRUWKHDGVRUSWLRQRIOHDGE\EDFWHULDDQGWKH
DGVRUSWLRQPHFKDQLVPZLOOEHGLIIHUHQWEHWZHHQGLI
IHUHQWEDFWHULDOVSHFLHV


$&.12:/('*(0(176

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH
1DWXUDO 6FLHQFH )RXQGDWLRQ RI ,QQHU 0RQJROLD RI
&KLQD 06 WKH5HVHDUFKDQG,QQRYDWLRQ
3URMHFWV IRU 3RVWJUDGXDWHV RI ,QQHU 0RQJROLD
6= DQGWKH6FLHQWLILFDQG7HFKQRORJLFDO
$FKLHYHPHQWV LQWR WKH 3URMHFW RI ,QQHU 0RQJROLD
&*=+ 
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>@0DQDO 7   7KH XVH RI 6DFFKDURP\FHV
FHUHYLVLDH IRU UHPRYLQJ FDGPLXP ,,  IURP
DTXHRXV ZDVWH VROXWLRQV $IULFDQ -RXUQDO RI
0LFURELRORJ\5HVHDUFK  
>@/LX6'XDQ=+H&  5DSLGUHPRYDO
RI 3E IURP DTXHRXV VROXWLRQ E\ SKRVSKDWH
PRGLILHG EDNHU V \HDVW 56& $GYDQFHV   

>@,O\DV 6 5HKPDQ $ ,O\DV 4   +HDY\
PHWDOV LQGXFHG R[LGDWLYH VWUHVV LQ PXOWLPHWDO
WROHUDQW \HDVW &DQGLGD VS 36 DQG LWV
FDSDELOLW\ WR XSWDNH KHDY\ PHWDOV IURP
ZDVWHZDWHU3DNLVWDQ-RXUQDORI=RRORJ\  

>@0D;&XL:<DQJ/<DQJ<&KHQ+
:DQJ .   (IILFLHQW ELRVRUSWLRQ RI
OHDG ,,  DQG FDGPLXP ,,  LRQV IURP DTXHRXV
VROXWLRQV E\ IXQFWLRQDOL]HG FHOO ZLWK
LQWUDFHOOXODU &D&2 PLQHUDO VFDIIROGV
%LRUHVRXUFH7HFKQRORJ\
>@/L/+H0+H<  5HFHQW$GYDQFHV
LQ8QGHUVWDQGLQJWKH$GVRUSWLRQDQG5HVLVWDQFH
RI <HDVW WR +HDY\ 0HWDOV DQG 0ROHFXODU
0HFKDQLVPIRU,QWUDFHOOXODU'HWR[LILILFDWLRQRI
+HDY\0HWDOV)RRG6FLHQFH  
>@5DGLF ' 3DYORYLF 9 /D]RYLF 0 -RYLFLF
3HWURYLF-.DUOLFLF9/DOHYLF%5DLFHYLF
9   &RSSHUWROHUDQW \HDVWV 5DPDQ
VSHFWURVFRS\
LQ
GHWHUPLQDWLRQ
RI
ELRDFFXPXODWLRQ PHFKDQLVP (QYLURQPHQWDO
6FLHQFH  3ROOXWLRQ 5HVHDUFK    

>@6XQ <   6WXG\ RQ 3URELRWLF
&KDUDFWHULVWLFV$GVRUSWLRQ&KDUDFWHULVWLFVDQG
$GVRUSWLRQ 0HFKDQLVP RI +LJK $GVRUSWLRQ
3E <HDVW +RKKRW ,QQHU 0RQJROLD
$JULFXOWXUDO8QLYHUVLW\
>@/LX<  6WXG\RQWKHSURWHQWLDOSURELRWLF
\HDVWV EDVHG RQ +LJKWKURXJKSXW 6FUHHQLQJ RI
DEVRUSWLRQ DQG WROHUDQFH WR 3E DQG LWV
&KDUDFWHULVWLFV +RKKRW ,QQHU 0RQJROLD
$JULFXOWXUDO8QLYHUVLW\
>@=KDR ;   6WXG\ RQ ,VRODWLRQ
,GHQWLILFDWLRQ $GVRUSWLRQ &KDUDFWHULVWLFV DQG
0HFKDQLVP RI /HDGUHVLVWDQW /DFWLF $FLG
%DFWHULD+RKKRW,QQHU0RQJROLD$JULFXOWXUDO
8QLYHUVLW\
>@%DOVLJHU+7RUUH5/HH:&R[0  
$ IRXUKRXU \HDVW ELRDVVD\ IRU WKH GLUHFW
PHDVXUH RI HVWURJHQLF DFWLYLW\ LQ ZDVWHZDWHU
ZLWKRXW VDPSOH H[WUDFWLRQ FRQFHQWUDWLRQ RU
VWHULOL]DWLRQ6FLHQFHRIWKH7RWDO(QYLURQPHQW
  
>@;LQJ6&KHQ-/Y1  %LRVRUSWLRQRI
OHDG 3E  E\ WKH YHJHWDWLYH DQG GHFD\ FHOOV
DQGVSRUHVRI%DFLOOXV&RDJXODQV5LVRODWHG
IURP OHDG PLQH VRLO &KHPRVSKHUH  


5()(5(1&(6

>@ 'H5RVD &   $JHQF\ IRU 7R[LF
6XEVWDQFHVDQG'LVHDVH5HJLVWU\¶VWR[LFRORJLFDO
SURILOHVFRQWULEXWLRQWRSXEOLFKHDOWK7R[LFRO
,QG+HDOWK  
>@ .DUDWDV 0   5HPRYDO RI 3E ,,  IURP
ZDWHU E\ QDWXUDO ]HROLWLF WXII NLQHWLFV DQG
WKHUPRG\QDPLFV -RXUQDO RI +D]DUGRXV
0DWHULDOV  
>@ :DQJ ) 3DQ < &DL 3 *XR 7 ;LDR +
  6LQJOH DQG ELQDU\ DGVRUSWLRQ RI KHDY\
PHWDO LRQV IURP DTXHRXV VROXWLRQV XVLQJ
VXJDUFDQH
FHOOXORVHEDVHG
DGVRUEHQW
%LRUHVRXUFH7HFKQRORJ\
>@ /DOKPXQVLDPD*XSWD3-XQJ+7LZDUL'
.RQJ 6 /HH 6   ,QVLJKW LQWR WKH
PHFKDQLVP RI &G ,,  DQG 3E ,,  UHPRYDO E\
VXVWDLQDEOH PDJQHWLF ELRVRUEHQW SUHFXUVRU WR
&KORUHOOD YXOJDULV -RXUQDO RI WKH 7DLZDQ
,QVWLWXWHRI&KHPLFDO(QJLQHHUV
>@ 1DGHHP 5 0DQ]RRU 4 ,TEDO 0 1LVDU -
 %LRVRUSWLRQRI3E ,, RQWRLPPRELOL]HG
DQG QDWLYH 0DQJLIHUD LQGLFD ZDVWH ELRPDVV
-RXUQDORI,QGXVWULDO (QJLQHHULQJ&KHPLVWU\

>@ +DJHGRRUQ , *DQW & +XL]HQ 6  
/LIHVW\OH5HODWHG ([SRVXUH WR &DGPLXP DQG
/HDG LV $VVRFLDWHG ZLWK 'LDEHWLF .LGQH\
'LVHDVH-RXUQDORI&OLQLFDO0HGLFDO0HGLFLQH
  
>@ 6XUHVK.'DKPV+:RQ(/HH-6KLQ
.   0LFURDOJDH$ SURPLVLQJ WRRO IRU
KHDY\ PHWDO UHPHGLDWLRQ (FRWR[LFRORJ\ 
(QYLURQPHQWDO6DIHW\
>@ $U\DO0/LDNRSRXORX.\ULDNLGHV0  
%LRUHPRYDO RI KHDY\ PHWDOV E\ EDFWHULDO
ELRPDVV (QYLURQPHQWDO 0RQLWRULQJ

$VVHVVPHQW  
>@ +H-&KHQ-  $FRPSUHKHQVLYHUHYLHZ
RQ ELRVRUSWLRQ RI KHDY\ PHWDOV E\ DOJDO
ELRPDVV 0DWHULDOV SHUIRUPDQFHV FKHPLVWU\
DQG PRGHOLQJ VLPXODWLRQ WRROV %LRUHVRXUFH
7HFKQRORJ\  
>@&KHQ*=KRX<=HQJ*/LX+<DQ0
&KHQ $ *XDQ 6 6KDQJ & /L + +H -
  $OWHUDWLRQ RI FXOWXUH IOXLG SURWHLQV E\
FDGPLXP LQGXFWLRQ LQ 3KDQHURFKDHWH
FKU\VRVSRULXP-RXUQDORI%DVLF0LFURELRORJ\
  
>@0HVTXLWD 9 6LOYD & 6RDUHV (  
7R[LFLW\ ,QGXFHG E\ D 0HWDO 0L[WXUH &G 3E
DQG =Q  LQ WKH <HDVW 3LFKLD NXGULDY]HYLL 7KH
5ROHRI2[LGDWLYH6WUHVV&XUUHQW0LFURELRORJ\
  
>@-\K&KHUQJ:H\06X-  7ZRVWDJH
VLPXODWLRQ RI WKH PDMRU KHDY\PHWDO VSHFLHV
XQGHUYDULRXVLQFLQHUDWLRQFRQGLWLRQV(QYLURQ
PHQW,QWHUQDWLRQDO  



E\363

9ROXPH±1RSDJHV

>@-LDR'  7KHREVHUYDWLRQDQGUHVHDUFKRI
3VHXGRNHURM[RSVLV DSRUXEUD E\ HOHFWURQ
PLFURVFRS\+DUELQ+DUELQ1RUPDO8QLYHUVLW\
>@2K6.ZDN06KLQ:  &RPSHWLWLYH
VRUSWLRQ RI OHDG DQG FDGPLXP RQWR VHGLPHQWV
(QJLQHHULQJ-RXUQDO  
>@+DQ 5 /L - <DQJ * =KDQJ =  
&KHPLFDO 0RGLILFDWLRQ DQG <HDVW IRU
$GVRUELQJ/HDG&DWLRQ  
>@-LDQJ<=KDQJ;<LQ;6XQ+:DQJ1
  *UDSKHQH R[LGHIDFLOLWDWHG WUDQVSRUW RI
3E DQG &G LQ VDWXUDWHG SRURXV PHGLD
6FLHQFH RI WKH 7RWDO (QYLURQPHQW 

>@6DODK 1 $QHHV $   %LRVRUSWLRQ RI
KHDY\ PHWDOV IURP DTXHRXV VROXWLRQV E\
6DFFKDURP\FHVFHUHYLVLDH,QWHUQDWLRQDO-RXUQDO
RI,QGXVWULDO&KHPLVWU\  
>@*D]HP0$]DUHWK6  6RUSWLRQRIOHDG
DQG FRSSHU IURP DQ DTXHRXV SKDVH V\VWHP E\
PDULQHGHULYHG $VSHUJLOOXV VSHFLHV $QQDOV RI
0LFURELRORJ\  
>@:DQJ;=KHQ;6KHQ<:DQJ7  
%LRVRUSWLRQ NLQHWLFV DQG PHFKDQLVPV RI ORZ
FRQFHQWUDWLRQ XUDQLXP E\ OLYH DQG KHDWNLOOHG
6DFFKDURP\FHV FHUHYLVLDH $FWD 6FLHQWLDH
&LUFXPVWDQWLDH  

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
<LQIHQJ+H
&ROOHJHRI)RRG6FLHQFHDQG(QJLQHHULQJ
,QQHU0RQJROLD$JULFXOWXUDO8QLYHUVLW\
+RKKRW±&KLQD
HPDLO KH\LQI#FRP
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important pollutants. When heavy metals are discharged with wastewater, even if the concentration
is small, they can cause harm [9]. Its wastewater
pollution has the following characteristics [10-13]:
(1) Toxicity has long-term persistence. (2) Biomass
can be enriched in large quantities, which seriously
endangers human health. (3) Heavy metals can't be
degraded no matter what kind of treatment method
or microorganisms are used, but their valence and
compound types are changed. (4) As long as there
are traces of heavy metals in natural water bodies,
toxic reactions can occur.
At present, affected and restricted by various
factors, it is difficult to treat heavy metal pollutants
in an effective way. When heavy metals accumulate
to a certain limit in water bodies, they will directly
endanger the water ecosystem and ultimately affect
human health through the food chain [14-16]. In the
global environmental pollution, water pollution
composed of heavy metals has gradually become
the most serious environmental problem. In terms
of heavy metal wastewater, chemical precipitation,
ion exchange, evaporation and concentration
methods are conventional treatment methods. When
heavy metal wastewater is treated by these methods,
on the one hand, the treatment is incomplete and
expensive, and on the other hand, toxic sludge or
toxic sludge is generated. Other waste, etc. In order
to avoid secondary pollution, people have increased
their research and development efforts on efficient
and environmentally friendly heavy metal
wastewater treatment technologies and treatment
processes [17-19].
Biosorption is an emerging method for treating wastewater containing heavy metal ions, which
first started in 1949. Since then, foreign countries
have conducted extensive research on this, and
gradually developed to study the use of various
microorganisms such as fungi, yeast, algae, etc. to
treat polluted wastewater containing toxic metal
ions [20]. Biosorption, as a new technology to deal
with heavy metal pollution, has the following advantages compared with other similar technologies.
At low concentrations, metals can be selectively
removed, specific metals can be selectively removed, and the treatment efficiency is high, and

ABSTRACT
In order to investigate the feasibility of treatment of heavy metal wastewater by biosorption, the
effects of factors such as pH, adsorption time, Zn2+
initial concentration and CaCl2 concentration on the
adsorption rate of Zn2+ were studied. The
Box-Behnken central combination method is used
to conduct a four-factor three-level test, establish a
second-order polynomial mathematical model, and
verify the effectiveness of the model. The results
show that: When the pH is 6.5 and the adsorption
time is 0.6 h, the Zn2+ initial concentration is 100
mg/L, the CaCl2 concentration is 5%, and the Zn2+
adsorption rate reaches the maximum 77.49%. After
checking the optimal conditions verification, the
predicted value is close to the average value of the
verification experiment. The Zn2+ in the wastewater
after adsorption is lower than the national pollutant
discharge standard limit.

KEYWORDS:
Biosorption, Heavy metal wastewater, Adsorption rate,
Box-Behnken

INTRODUCTION
Heavy metals refer to metals with a specific
gravity greater than or, about one species, such as
copper, lead, zinc, iron, diamond, nickel, vanadium,
nickel, tungsten, qin, manganese, tin, mercury,
tungsten, aluminum, gold, silver, etc [1-4].
Wastewater containing heavy metal ions mainly
comes from heavy metal wastewater from mine
tunnel drainage, waste rock leaching water, beneficiation tailings drainage, non-ferrous metal smelting plant dust drainage, non-ferrous metal processing plant pickling wastewater, electroplating
plant plating washing water [5-7]. The wastewater
discharged from pickling drainage and electrolysis,
pesticides, medicine, paint, dyes and other industries, among which electroplating industry
wastewater is the main source of heavy metals [8].
Heavy metals are the most potentially harmful and
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some valuables can be effectively recovered The
metal investment is small and the operating cost is
low. There are a wide range of sources of bacteria.
Almost any bacteria-carrying material, especially
the places contaminated by heavy metals, can be
used and screened. Therefore, biosorption technology has broad prospects in dealing with heavy metal pollution and recovering precious metals. Research in this area has good economic value and
social benefits [21].
The action mode of microbes adsorbing metal
can be divided into active action mode and passive
action mode according to whether energy is needed.
The former is that metabolically active cells complete metal transfer or the reaction between cells
and metals. This process is often accompanied by
energy consumption, which is characterized by
slow adsorption speed, long duration of action,
generally irreversible process, and may be inhibited
by energy metabolism inhibitors [22]. The latter
mainly refers to the way of adsorbing metals
through physical and chemical action. The adsorbent can be resting cells, dead cells, cell metabolites
or cell preparations. Its function is characterized by
fast adsorption speed, short time, reversibility, and
does not depend on cell energy metabolism. Many
scholars believe that the role of biosorption of metals is mainly the latter, that is, the passive mode.

metal ions with an inductively coupled plasma
emission spectrometer, and calculate the adsorption
rate.

RESULTS AND DISCUSSION
Adsorption of Zn2+ Ions by Immobilized
Beer Yeast. Effect of pH on Zn2+ adsorption rate.
The pH value of the adsorption solution is a very
important factor affecting adsorption. The pH value
of the solution affects the number of adsorption
sites for heavy metal ions on the surface of the organism, and determines the chemical state of heavy
metal ions. Only in the appropriate pH range can
the required adsorption effect be achieved. It can be
seen from Figure 1a that the adsorption rate of Zn2+
is higher between pH 5.5 and 6.5. When the pH
value is 6.0, the adsorption rate is the highest.
Therefore, the pH value of Zn2+ adsorption is 6.0.
It can be seen from Figure 1b that the interaction between adsorption time and pH has a significant impact on the removal rate of Zn2+, because
the slope of the response surface of Zn2+ is steep,
indicating that its response value is more sensitive
to changes in adsorption time and pH.
Effect of adsorption time on Zn2+ adsorption rate. If you want to achieve the best adsorption
effect, it usually takes 2-3 h to adsorb. The adsorption time of yeast is usually controlled within 1 h,
because the adsorption capacity of most strains has
reached more than 90% of the total adsorption at
0.5 h. The adsorption of Zn2+ by Saccharomyces
cerevisiae is divided into two stages, the first is the
accelerated reaction in the initial stage and the slow
reaction later. It can be clearly seen from the figure
that the adsorption rate increased rapidly in the first
0.5 h (Figure 2). Because the S. cerevisiae cells
have a surface adsorption effect, this effect is not
only reversible but also rapid, so when the adsorption time reaches 0.6 h, the adsorption of Zn2+ by
the S. cerevisiae has basically completed and
reached equilibrium (Figure 3).

MATERIALS AND METHODS
Immobilization of Beer Drunk Mother. The
SRO\YLQ\ODOFRKROQHHGVWREHKHDWHGWRDERYHႏ
to start the dissolving solution and 2% SA solution
according to the mass ratio. Add the brewer's yeast
at the ratio of 3g solution/100ml, and stir evenly
with a magnetic heating stirrer. Use a 20ml medical
syringe to suck the mixed solution and drop it into
the prepared CaCl2 saturated boric acid solution
with a mass concentration of 5%. There should be
no bubbles in this process. The dripping should be
performed at a uniform speed, so as to ensure the
formation of small balls. The shape and size are
basically uniform, and then placed for 3-4 h, then
rinsed with deionized water several times, and
stored in the refrigerator for later use.

Effect of CaCl2 concentration on Zn2+ adsorption rate. The results showed that with the
increase of CaCl2 concentration, the adsorption rate
of heavy metal ions by organisms decreased, and
the activity of microbial cells decreased. It may be
due to the high osmotic pressure of salt, which
caused cell dehydration, leading to partial loss of
microbial activity. In addition, during the experiment, it was found that the concentration of CaCl2
has a greater impact on the mechanical strength of
the immobilized cells. When the concentration of
CaCl2 is 3%-4%, the immobilized particles will
expand during use, and even crack or break, which

Adsorption of heavy metal ions by immobilized beer yeast. Add a certain quality of immobilized beer yeast pellets to a solution containing a
certain concentration of heavy metal ions, adjust the
required pH value, and put it in a shaking incubator
for shaking and adsorption at a certain temperature.
After a certain time, take it out, cool it, and move it.
Take a certain amount of the solution, put it into a
200 ml volumetric flask, make the volume constant,
shake it up, measure the concentration of heavy
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(a)

(b)
FIGURE 1
Effect of pH on Zn2+ adsorption rate

FIGURE 2
Effect of adsorption time on Zn2+ adsorption rate

3876

© by PSP

Volume 30– No. 04/2021 pages 3874-3880

Fresenius Environmental Bulletin

FIGURE 3
Trend Analysis Plot for Zn2+ adsorption rate (%)

FIGURE 4
Effect of CaCl2 concentration on Zn2+ adsorption rate
will affect cell activity. Therefore, in comprehensive consideration, in the following experiments,
we use a CaC12 solution with a mass concentration
of 5% as a fixative (Figure 4).

not continue to increase, but will decrease. In this
experiment, the initial concentration of Zn2+ was
selected as 100 mg/L in the process of immobilized
brewer's yeast adsorbing Zn2+.

Effect of Zn2+ initial concentration on Zn2+
adsorption rate. It can be seen from Figure 4 that
the adsorption rate of Zn2+ by yeast is not very high,
which shows that yeast is not the best adsorbent for
Zn2+. It can be seen that the adsorption effect is
related to the nature of heavy metal ions.
With the increase of the initial concentration of
Zn2+, the adsorption capacity of the biosorbent also
increases, and the saturation of the adsorption site
also increases, so the adsorption rate of Zn2+ will

Model validation. Through the optimization
of the response surface regression model, it is found
that when the pH is 6.5 and the adsorption time is
0.6 h, the Zn2+ initial concentration is 100 mg/L, the
CaCl2 concentration is 5%, and the Zn2+ adsorption
rate reaches the maximum 77.49% (Figure 6). In
order to test the accuracy of the results obtained by
the response surface method, 10 sets of verification
experiments were carried out under the optimal
experimental conditions, and the average values
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FIGURE 5
Effect of Zn2+ initial concentration on Zn2+ adsorption rate

FIGURE 6
Optimal conditions
were taken. The average values of the actual Zn2+
adsorption rates were measured to be 77.48%,
which are basically consistent with the theoretical
predictions of the model .

concentration is 100 mg/L, the CaCl2 concentration
is 5%, and the Zn2+ adsorption rate reaches the
maximum 77.49%. After checking the optimal conditions Verification, the predicted value is close to
the average value of the verification experiment.
The Zn2+ in the wastewater after adsorption is lower
than the national pollutant discharge standard limit.

CONCLUSION
Treatment of heavy metal wastewater by biosorption was studied, the effects of factors such as
pH, adsorption time, Zn2+ initial concentration and
CaCl2 concentration on the adsorption rate of Zn2+
were examined. The Box-Behnken central combination method is used to conduct a four-factor
three-level test, establish a second-order polynomial mathematical model, and verify the effectiveness
of the model. The results show that: When the pH is
6.5 and the adsorption time is 0.6 h, the Zn2+ initial
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STABILITY ANALYSIS OF EARTH-ROCK DAM UNDER THE
COUPLING ACTION OF EARTHQUAKE AND SEEPAGE
You Wu, Jiaxin Xue, Xiaoqian Liang*, Ruifeng Li, Wei Chen, Guangyi Zheng
School of Civil Engineering, Chang'an University, Xi'an 710064, China

the excess pore water pressure rises sharply, causing
the effective stress of the soil to drop sharply. In particular, the liquefaction of the soil causes great damage to the building [2-8]. Many experts and scholars
have conducted a lot of research on the seismic-seepage stability of earth-rock dams. In terms of theoretical research, Zou et al. [9] used Flac3D numerical
software to study the seepage-dynamic response
characteristics of earth-rock cofferdams and proposed reasonable seismic design methods and
measures. Lu et al. [10] proposed a new calculation
method for the defects of the traditional seepageseismic slope stability calculation method. Yang et al.
[11] compared the calculation results of dynamic stability of the dam slope based on the Monte Carlo stochastic finite element method and the conventional
deterministic method. He believes that only considering the spatial variability of dam materials can better reflect the dynamic stability of the dam. In terms
of experimental research, Guo et al. [12] used a selfmade "soil-dynamic hydraulic triaxial shear instrument" to study the effects of vibration frequency, vibration intensity and vibration duration on saturated
sand. Zou et al. [13] used a special resistivity tester
to test the soil resistivity of saturated clayey sand and
silty sand. The results show that this method can effectively evaluate the liquefaction potential of saturated sand. Zhou et al. [14] studied the effects of different particles and water content on the maximum
dynamic shear modulus and shear strain of saturated
sand through shaking table tests.
Some earth-rock dams that have been built for
a long time will often cause damages such as dam
body cracks, soil liquefaction, and dam slope instability under the action of dynamic loads such as
earthquakes. Seriously, it may cause serious disasters
such as dam break, and pose a huge threat to the flora
and fauna around the dam and the ecological environment. In this paper, we have systematically studied the stability of earth-rock dams under the action
of earthquake and seepage. This research can provide reference for similar project construction.

ABSTRACT
In this paper, we have systematically studied
the stability of earth-rock dams under the action of
earthquake and seepage. The seep/w, slope/w and
quake/w modules in the geo-slope software are used
to analyze the changing law of liquefiable soil layer,
excess pore water pressure, and typical node acceleration and displacement in the dam body under the
action of earthquake and seepage. The calculation research shows that under the coupling action of earthquake and seepage, the liquefaction level of the middle and lower parts of the liquefiable soil layer is relatively high. The increase in excess pore water pressure of the middle and lower soils is also relatively
large, while the probability of liquefaction of the upper soil is the smallest. The acceleration of the typical nodes of the dam has an amplification effect. The
higher the node elevation, the more obvious the acceleration amplification effect. The displacement of
the bottom of the dam is the smallest, and the displacement of the middle and upper part is relatively
large. The vertical displacement of the upper soil
body downstream is upward. The liquefaction of the
dam body often causes the dam foundation to collapse, and in severe cases, it can lead to the collapse
of the dam. This will also cause huge damage to the
lives of people downstream and the environment.
KEYWORDS:
Earth-rock dam, seismic seepage coupling, liquefaction,
excess pore water pressure, stability.

INTRODUCTION
Earth-rock dams have become the main dam
type of reservoir dams, accounting for 95% of reservoir dams due to their advantages such as local materials, strong ability to adapt to terrain, and simple
and convenient daily operation and management [1].
Among the existing earth-rock dam projects in China,
a considerable proportion were built in the last century. At that time, the level of dam construction was
relatively backward, and the selection of dam materials was improper, so some sands with high permeability coefficient and low cohesion were often used.
When these soils are subjected to severe vibrations,

MATERIALS AND METHODS
Saturated-unsaturated seepage theory. The
seepage control equation of unsaturated soil is as follows [15-16]:
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Where: xi, xj are the position coordinates in the
i and j directions; kijs is the saturated permeability
tensor; kr is the relative permeability; hc is the pressure head; ȕis the unsaturated constant; Ss is the water storage capacity; Q is the source-sink term; C is
the specific water capacity; șis the function related
to the pressure head; n is the porosity; t is the time.
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In the formula, Ȗis the shear strain of the soil,
İȞd is the cumulative volume strain, and C1, C2, C3
and C4 are the model constants.
Dynamic safety factor of slope. According to
the definition of anti-sliding stability, the dynamic
safety factor of a slope can be expressed as formula
4 above [19-21].
Where: li is the arc length of the sliding arc in
the i-th unit; ıs,i, ıd,i, ud,i, uw,i, Ȗzi, Ĳs,i, Ĳd,i are
the arc tangents of the i-th unit The static normal
stress, dynamic normal stress, dynamic pore water
pressure, static pore water pressure, external water
pressure, static shear stress and dynamic shear stress;
ĳd,i, cd,i are the shear strength indicators of the i-th
unit.

K

i

s ,i

(1)

Calculation model and boundary conditions.
In this paper, we take the earth-rock dam in area A as
an example. The dam is composed of three materials.
The outermost layer is rammed fill, the middle layer
is hydraulic fill and the dam foundation is alluvial
soil [7, 22]. According to the survey, the material of
the hydraulic flushing layer is sandy soil, with low
cohesion and large permeability coefficient, which is
judged to be a liquefiable soil layer. The height of the
model is 36 m, the length is 200 m, and the height of
the dam is 21 m. The upstream dam slope ratio is
1:2.5, and the downstream is divided into two grades
of slopes with a slope ratio of 1:2. The hydraulic fill
in the dam is the focus of this article. Therefore, we
have set up several monitoring points in different positions of this soil layer. At the same time, in order to
study the dynamic characteristics of the outermost
layer of the dam, monitoring points have been set up
at different elevations.
The mesh division of the earth-rock dam is
shown in Figure 1. In order to better calculate the law
of liquefaction development of the liquefiable soil
layer, the grid cell size of the hydraulic flush fill
layer is refined, and the cell size is 1 m; the cell size
of the compacted fill layer and alluvial soil is 2 m.
The boundary conditions are as follows: (1) ga
and ac are the total head boundaries, and the total
head value during the normal storage level and
steady seepage period is 20 m; df is the potential
seepage surface; fi is the outflow boundary, and the
pressure head is 0 m; (2) During dynamic calculation,
fix the vertical displacement of gh and ij and the horizontal and vertical bidirectional displacement of hj.

(2)
Among them, ǻu is the increase in pore water
pressure; Er is the modulus of resilience; ǻİȞd is the
increase in volumetric strain generated under drainage loading. The MFS pore pressure function expression in Geo-slope is [17-18]:

¦>V

whc
wt

RESULTS

MFS pore pressure model. Martin, Finn, and
Seed jointly studied a calculation model suitable for
non-linear constitutive relations to calculate pore
water pressure. The model assumes that water is incompressible, and the specific equation is as follows:

'u

>C˄(hc˅)  E Ss @

Soil parameters and seismic wave input. The
earth-rock dam is mainly composed of three materials. In the simulation of unsaturated seepage, the
Fredlund-Xing model is used to simulate the functional relationship between the soil permeability coefficient and the matrix suction [23-24]. The permeability coefficient curve and the soil-water characteristic curve are shown in Figure 2. The seepage parameters of each soil layer are shown in Table 1.
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FIGURE 1
Calculation model for numerical analysis of earth-rock dam.
TABLE 1
Physical mechanics and seepage parameters of each soil layer of earth-rock dam.
Saturated perSaturated
Gravity
Cohesion
Internal fricPoisson's rameability cowater conSoil layer
(kN/m³)
(kPa)
tion angle (°)
tio
efficient (m/s)
tent (m³/m³)
Rammed fill
1.5×10-7
0.30
19
6.0
35
0.35
Hydraulic filling
1.3×10-5
0.35
21
0.0
20
0.34
Alluvial soil
5.1×10-6
0.50
26
20
26
0.21

FIGURE 2
The characteristic curve and permeability coefficient function of the soil layer.
Notes: (a) Volumetric water content function; (b) Permeability function.
The seismic calculation simulation adopts the seismic wave curve with the peak acceleration of 0.6g. The quake/w module in
geo-slope can only input the horizontal acceleration time history curve. Moreover, according to most studies, horizontal seismic
waves are the main factor causing structural damage. Therefore, only the horizontal acceleration time history curve is used in
the calculation simulation, as shown in Figure 3.

FIGURE 3
The time-history curve of the input acceleration.
Pore water pressure analysis. Figure 4a
shows the distribution of excess pore water pressure
in the hydraulic fill layer after the earthquake. Figure
4b shows the distribution of the liquefaction area of
the hydraulic fill at the end of the earthquake (the
yellow area is the liquefaction area). It can be seen

from Figure 4a that the excess pore water pressure of
the hydraulic flushing layer gradually increases from
top to bottom. The excess pore water pressure of the
hydraulic flush fill on the water side is relatively
small. The maximum excess pore water pressure is
concentrated in the downstream area. It can be seen
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from Figure 4b that the liquefaction area of the hydraulic flushing layer is mainly concentrated at the
concentration of the maximum excess pore water
pressure. This is because when the excess pore water
pressure of the soil layer exceeds the effective stress
of the soil body, the supporting force between the
soil particles is lost, the soil body begins to liquefy,
and the ground collapses and the soil body erupts.
Figure 5 shows the changes in the excess pore
water pressure and effective stress at the monitoring
point at the top layer of the hydraulic fill during the
earthquake. Figure 5a shows that the monitoring
points 1#, 2#, and 3# at the same elevation located at
the top of the hydraulic fill layer are arranged in the
order of 2#>3#>1# during the earthquake. The excess pore water pressures at 1#, 2# and 3# reached

the maximum at 1.6s, 2.8s and 1.6s, respectively.
The excess pore water pressure remained constant
until the end of the earthquake. The increments of
excess pore water pressure of 1#, 2# and 3# are 2.09
kPa, 9.46 kPa and 4.96 kPa, respectively. It can be
seen that the maximum excess pore water pressure
of the uppermost soil layer of the hydraulic flushing
layer is relatively small.
It can also be seen from Figure 5b that the initial effective stress of each monitoring point is different. The initial effective stresses of the three monitoring points were 44.92 kPa, 57.18 kPa and 49.26
kPa, respectively. The initial effective stress of 2# located directly below the dam crest is the largest. The
effective stresses of the three monitoring points oscillated continuously during the earthquake, and the

FIGURE 4
Liquefaction characteristics of hydraulic fill.
Notes: (a) The change of pore water pressure in the hydraulic fill; (b) The distribution of the liquefaction area of the hydraulic
fill.

FIGURE 5
Seismic stress response of characteristic points in the upper layer.
Notes: (a) Excess pore pressure at characteristic points in the upper layer; (b) Effective stress at characteristic points in the
upper layer.

FIGURE 6
Seismic stress response of characteristic points in the middle layer.
Notes: (a) Excess pore pressure at characteristic points in the middle layer; (b) Effective stress at characteristic points in the
middle layer.
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effective stress reduction values of 1#, 2# and 3#
were 7.9 kPa, 19.46 kPa and 24.96 kPa, respectively.
The final effective stresses of the three monitoring
points are all greater than 0, indicating that the uppermost soil of the hydraulic flushing layer will not
liquefy during the earthquake.
Figure 6 shows the changes in excess pore water pressure and effective stress at different monitoring points on the same level at the middle elevation
of the hydraulic fill. The change law of excess pore
water pressure at each point is similar to the distribution law of the uppermost layer. The development
level of excess pore water pressure of 5# in the middle position and 6# in the downstream side is relatively high, and the maximum values are 30.66 kPa
and 26.11 kPa, respectively. The super pore water
pressure development speed of 4# on the upstream
side is still the slowest.
Figure 7 shows the changes in excess pore water pressure and effective stress at different monitoring points on the same horizontal surface at the lowermost part of the hydraulic fill. It can be seen from
Figure 7a that the super pore water pressure of 8# in
the middle position reaches its maximum value at
2.3s, which is about 63.68 kPa. At the end of the

earthquake, the excess pore water pressure values at
these three monitoring points were 2.64 kPa, 63.68
kPa and 34.87 kPa, respectively. Figure 7b shows
that the effective stress of the lower monitoring point
is relatively close at the end of the earthquake. The
effective stress reduction values of 7#, 8# and 9# are
2.64 kPa, 63.68 kPa and 34.87 kPa, respectively, and
the effective stress reduction is equal to the increase
in excess pore water pressure.
In summary, it can be seen that the level of excess pore water pressure in the soil near the water
surface is relatively low during the earthquake. The
increase in excess pore water pressure and the decrease in effective stress are both small, and the soil
in this area will not be liquefied [9, 25]. The super
pore water pressure of the soil in the middle of the
hydraulic fill has the highest level of development.
Although the initial effective stress is relatively large,
the effective stress decreases rapidly during the
earthquake, and the probability of it being liquefied
is relatively high. The lower soil mass is not easy to
dissipate due to the excess pore water pressure generated during the earthquake, which causes the effective stress of the soil mass to drop sharply and tends
to be liquefied.

FIGURE 7
Seismic stress response of characteristic points in the lower layer.

Notes: (a) Over-pore pressure of lower characteristic point; (b) Effective stress of lower characteristic point.

FIGURE 8
Horizontal acceleration of typical nodes of the dam.
Notes: (a) Vertical displacement on the water side, (b) Vertical displacement of back water side.
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FIGURE 9
Vertical acceleration of typical nodes of the dam.
Notes: (a) Vertical displacement on the water side; (b) Vertical displacement of back water side.

FIGURE 10
Horizontal displacement of typical nodes of the dam.
Notes: (a) Vertical displacement on the water side; (b) Vertical displacement of back water side.

FIGURE 11
Vertical displacement of typical nodes of the dam.
Notes: (a) Vertical displacement on the water side; (b) Vertical displacement of back water side.

Acceleration analysis. Figure 8 shows the horizontal acceleration changes at different elevations at
the outermost outermost positions of the upstream
and downstream of the rammed soil layer. The horizontal acceleration changes at monitoring points a, b
and c on the waterfront are basically the same and
similar to the input acceleration curve. The time
points when the maximum acceleration occurs are all
at 8.1s. Meanwhile, the maximum accelerations of
the three monitoring points are 1.13g, 1.33g and
1.38g respectively, which are 1.8 times, 2.2 times
and 2.3 times of the input acceleration peak value respectively. Therefore, the horizontal acceleration of
the monitoring points on the dam surface will have
an amplification effect under the dynamic action.
And the higher the elevation of the monitoring point,

the more obvious the amplification effect. The maximum horizontal accelerations at the monitoring
points d, e, and f on the back water side are 1.40g,
1.39g, and 1.10g, which are 2.3 times, 2.3 times, and
1.8 times the input acceleration peak value, respectively.
Figure 9 shows the vertical acceleration
changes at different elevations at the outermost
outermost of the upstream and downstream of the
rammed fill. The vertical acceleration of monitoring
points a, b, and c on the waterfront changes constantly during the earthquake. The maximum accelerations of the three monitoring points are 0.11g,
0.13g and 0.10g, which are 0.18 times, 0.22 times
and 0.16 times of the peak input acceleration respec-
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tively. Therefore, the vertical acceleration of monitoring points on the surface of the dam is relatively
small under dynamic action. The maximum vertical
accelerations of the monitoring points d, e, and f on
the backwater side are 0.09g, 0.08g, and 0.11g,
which are 0.15, 0.13, and 0.18 times of the peak input acceleration, respectively.

CONCLUSIONS
(1) In this paper, we have systematically studied the stability of earth-rock dams under the action
of earthquake and seepage. The seep/w, slope/w and
quake/w modules in the geo-slope software are used
to analyze the changing law of liquefiable soil layer,
excess pore water pressure, and typical node acceleration and displacement in the dam body under the
action of earthquake and seepage.
(2) The calculation research shows that under
the coupling action of earthquake and seepage, the
liquefaction level of the middle and lower parts of
the liquefiable soil layer is relatively high. The increase in excess pore water pressure of the middle
and lower soils is also relatively large, while the
probability of liquefaction of the upper soil is the
smallest. The acceleration of the typical nodes of the
dam has an amplification effect.
(3) The higher the node elevation, the more obvious the acceleration amplification effect. The displacement of the bottom of the dam is the smallest,
and the displacement of the middle and upper part is
relatively large. The vertical displacement of the upper soil body downstream is upward. The liquefaction of the dam body often causes the dam foundation to collapse, and in severe cases, it can lead to the
collapse of the dam. This will also cause huge damage to the lives of people downstream and the environment.

Displacement analysis. Figure 10 shows the
horizontal displacement changes at different elevations at the outermost sides of the upper and lower
reaches of the rammed soil layer. In the first 2s of the
earthquake, the horizontal displacements of monitoring points a, b and c on the waterside changed consistently. The horizontal displacements of monitoring points b and c located in the middle and upper
parts of the earthquake have basically the same
changes during the earthquake. During the seismic
vibration, the maximum dynamic horizontal displacements of monitoring points a, b, and c were
0.058 m, 0.077 m, and 0.084 m, respectively. This
shows that the higher the elevation, the greater the
vibration amplitude of the soil, and the greater the
damage to the dam by the earthquake. In the 4s before the end of the earthquake, the horizontal displacement of the upstream monitoring point stabilized. The final horizontal displacements of a, b, and
c are 0.041 m, 0.075 m, and 0.080 m, respectively.
The horizontal displacement changes of the downstream monitoring points d, e and f are similar to
those of the upstream, and the final horizontal displacements are 0.081 m, 0.075 m and 0.038 m, respectively. Therefore, the horizontal displacement of
the bottom monitoring point is the smallest, and the
horizontal displacement of the middle and upper
monitoring points is basically the same.
Figure 11 shows the vertical displacement
changes at different elevations at the outermost sides
of the upper and lower reaches of the rammed soil
layer. When the earthquake occurred 1s, the vertical
displacement changes of monitoring points a, b, and
c on the water side were the same. As the earthquake
progresses, the vertical displacement of the monitoring point continues to oscillate. Starting from 9.1s, it
oscillates in a small range, and the vertical displacement tends to a stable value. The final vertical displacements of a, b, and care 0.007 9 m, 0.005 3 m,
and 0.002 9 m, respectively. The horizontal displacement changes of the downstream monitoring points
d, e and f are similar to those of the upstream, and
their final vertical displacements are 0.002 1 m,
0.002 4 m and 0.004 6 m, respectively. It is worth
noting that the vertical displacement of the downstream bottom monitoring point f during the entire
seismic vibration period is almost always upward.
This shows that the ground uplift occurred in the soil.
The reason is that the liquefiable soil layer below the
soil body is liquefied, and the excess pore water pressure rises to produce an upward force.
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ultra-low porosity and low permeability gas reservoir, with low gas well production, adsorption, desorption and diffusion characteristics, and its production decline law is different from that of conventional gas reservoir [1-4]. Therefore, it is of great significance to study the production decline law of shale
gas wells.
Aiming at the problem of shale gas production
decline, Wang et al. [5] combined SEPD model,
Duong model and YM-SEPD model according to
two methods of decline rate equal point combination
and production equal point combination, and concluded that: Duong + Arps model with production
equivalent point as combination has higher prediction accuracy. Duan et al. [6] established the powerlaw exponential decline model by introducing the
power-law exponential decline analysis method.
Zhang et al. [7] analyzed the changes of parameters
and their influencing factors when the composite decline model and generalized hyperbolic curve were
applied to shale gas research according to the production performance of single wells in Haynesville
and Barnett shale gas fields. Bai et al. [8] describes
the principles, advantages and disadvantages of various decline models for shale gas wells, and compares and analyzes the results of different decline
models by taking the actual shale gas wells as an example. Wang et al. [9] points out that, SEPD method
is an extended form of Arps index decline, and Wk
method is an extension form of Duong method, only
when shale gas enters boundary flow, The Wk
method and Duong method can be used.
From the above research, it can be seen that
shale gas well production decline has many and complex factors [10-11]. Shale gas decline includes diffusion of free gas, desorption of adsorbed gas and
other seepage mechanisms. In this paper, the idea of
combination model is put forward to establish the
combination model of shale gas well production decline with the objective of minimizing the sum of
square error of combination function.

ABSTRACT
In the development of shale gas, it is of great
significance to accurately predict the change of shale
gas well production with time for evaluating the reserves and development performance of shale gas
wells. Because shale gas reservoir has micro nano
scale flow characteristics and multi-scale seepage
law, the decline of shale gas well production is different from that of conventional gas well. In order to
improve the accuracy of shale gas well production
prediction and overcome the shortcomings of a single prediction model, on the basis of Arps hyperbolic
decline model, SEPD model, Duong model and kerogen decline model for predicting shale gas well production decline, a combined model for predicting
shale gas reservoir production decline is established
with the goal of minimizing the sum of squares of
prediction errors, which achieves the optimal production prediction combination of shale gas wells.
The example calculation shows that the optimal
combination prediction model has higher accuracy
than the single decline model, and can be used to predict the change of single well production with time.
KEYWORDS:
Shale gas, Arps hyperbolic decline model, SEPD model,
Duong model, Kerogen decline model, Production decline,
Combination model

INTRODUCTION
With the intensification of global energy demand, shale gas development has entered a rapid development stage. Accurate prediction of shale gas
well production is one of the important contents of
gas reservoir performance analysis. Shale gas mainly
exists in mudstone, shale and siltstone in adsorbed,
free and dissolved states. Compared with conventional gas reservoir, shale gas reservoir belongs to
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According to the definition of reference [16], if
the weighted coefficient vector wn minimizes the
sum of the squares of the prediction errors of the
combined forecasting model, then wn is called the
optimal weight coefficient vector, and its combination forecasting model is the optimal combination
model, then the linear programming equation of the
weighted coefficient is:

(2)

Kerogen decline model. Chen et al. [15] deduced the relationship between daily gas production
and time of shale gas wells kerogen model in 2012.
The model assumes that kerogen is a homogeneous
organic medium with no permeability, and the permeability is only related to pressure.
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Suppose the Rr=(1ˈ1ˈ……ˈ1)TˈW=(w1ˈ
w2ˈ……ˈwnN)T, then the sum S of squared errors
predicted by the combined model is:

SEPD model. Jia et al. [14] first proposed the
expansion exponential decline model (SEPD). By
substituting time constant into the exponential decline model, a shale gas well production prediction
model with time variation was established.

q

F1 , F2 ,L , Fr
The error information matrix Er is:

Arps hyperbolic decline model. Zuo et al.
[12] put forward the decline curve analysis method,
including exponential decline, hyperbolic decline
and harmonic decline. The production decline model
of shale gas well is hyperbolic decline, and its mathematical expression is [4, 13]:
1
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Duong model. The model is based on the linear
seepage law of fractured reservoir. The ratio of cumulative production to production and production
time is linear. The mathematical expression of
Duong model is [15]:

The optimal weight coefficient vector can be
obtained by solving the linear programming equation, and then the optimal combination prediction
model for predicting the production decline of shale
gas wells can be obtained.

q qi t  n

RESULTS

(4)

Optimal combination forecasting model. Assuming that the production of shale gas well at t time
is qt (t=1,2,ؘM) and the shale gas well production
predicted by N methods is qit (i=1,2,ؘN) [15-16], then
the prediction error of each model is ei=qt-qit. If the
weight coefficient of each prediction method is sat-

Taking well W1 of Haynesville shale gas field
in Texas as an example [9, 18], the production data
of this well are shown in Table 1. Substituting the
data in Table 1 into Arps hyperbolic decline model,
SEPD model, Duong model and kerogen decline
model respectively, and the correlation coefficients
of the fitting models are relatively high (Table 2).
The expressions of Arps hyperbolic decline model,
SEPD model, Duong model and kerogen decline
model are as follows (Equation 11-14):

N

isfied

¦ Z =1 , the optimized production decline
i

i 1

model of shale gas well is [16-17]:
N

q

¦ Zi qit

(5)

q2t

i 1

The prediction error of the ith prediction model
at time t is eit=yt-yit ˈyit is the predicted value of
shale gas well production at time t. Then the prediction error vector of the i model is:

Fi

ei1 , ei 2 , L , ein

T

(6)

The error matrix e is:
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4.1985 u 1  0.004419t

273.0748

(11)

TABLE 1
Comparison of actual and predicted shale gas production of well W1 in Haynesville shale gas field
Arps hyperSEPD
Duong
Kerogen de- combinarelative
Actual probolic
deTime(d)
model
model
cline model
tion model error(%)
duction
cline model

q1t

1

4.1985

4.1832

4.1221

4.1985

4.1985

4.1224

1.8126

53

3.4069

3.5266

3.3496

2.2932

2.2932

3.3457

1.7964

158

2.5092

2.7070

2.6755

1.9417

1.9417

2.6728

-6.5200

214

2.3749

2.4184

2.4324

1.8540

1.8540

2.4303

-2.3327

285

2.1487

2.1366

2.1825

1.7748

1.7749

2.1811

-1.5079

338

2.0639

1.9689

2.0259

1.7293

1.7293

2.0248

1.8945

405

1.9225

1.7941

1.8548

1.6823

1.6823

1.8541

3.5579

489

1.8589

1.6176

1.6726

1.6347

1.6347

1.6724

10.0328

585

1.3854

1.4573

1.4977

1.5907

1.5907

1.4981

-8.1348

624

1.5974

1.4017

1.4348

1.5751

1.5751

1.4353

10.1477

699

1.3076

1.3069

1.3246

1.5481

1.5481

1.3255

-1.3689

743

1.1733

1.2575

1.2659

1.5338

1.5338

1.2668

-7.9690

844

1.1663

1.1583

1.1447

1.5043

1.5043

1.1460

1.7405

923

1.1309

1.0920

1.0613

1.4839

1.4840

1.0629

6.0129

994

0.9895

1.0390

0.9936

1.4673

1.4673

0.9953

-0.5862

1095

0.9118

0.9728

0.9072

1.4458

1.4458

0.9092

0.2852

1178

0.6856

0.9249

0.8438

1.4298

1.4298

0.8460

-23.3956

1.7521u 1  0.004874 u1.201676 u t

1/1.201676

Through MATLAB software programming, the
optimal weight coefficients of the combination
PRGHODUHREWDLQHGȦ1=1.3678×10-8ˈȦ2=0.9963ˈ
Ȧ3=18.285×10-4 ˈȦ4=18.2438×10-4, Then the production formula of W1 well predicted by the combination model is:
q=1.3678×10-8q1t+0.9963q2t+18.285×104
q3t+18.2438×10-4q4t

q3t

1.7521u t

1.154448 1
1.154448  2

q4t 1.7521t 0.18267

0.8322

(16)

=1.7521t 0.182659 (18)
(19)

TABLE 2
Model parameters and correlation coefficients of
4 models for W1 well
Prediction
Correlation
Model parameters
model
coefficient
Arps hyperDi=1.20665,
bolic decline
0.9908
n=0.003662
model
n=0.632173,
SEPD model
0.9942
Ĳ=557.603489
Duong
m=-1.132191
0.8693
model
Kerogen den=0.152324
0.8693
cline model

(15)

Taking well W2 of Haynesville shale gas field
in Texas as an example, the production data and the
correlation coefficients of the fitting models are
shown in Table 3 and Table 4. The expressions of
Arps hyperbolic decline model, SEPD model, Duong
model and kerogen decline model of well W2 are as
(Equation 16-19):

q2t

1.7521u 1  0.005857t

0.582394
ª §
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·
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TABLE 3
Comparison of actual and predicted shale gas production of well W2 in Haynesville shale gas field
Arps hyperKerogen decline combination relative
Actual
SEPD
Time(d)
bolic decline
Duong model
production
model
model
model
error(%)
model
1
1.7521
1.7436
1.7005
1.7521
1.7521
1.7282
1.3655
160
0.9918
1.0106
0.9868
0.6934
0.6933
0.9978
-0.6079
241
0.8336
0.8422
0.8454
0.6434
0.6433
0.8407
-0.8547
302
0.7526
0.7508
0.7631
0.6174
0.6174
0.7535
-0.1135
359
0.6947
0.6829
0.6988
0.5982
0.5982
0.6875
1.0337
427
0.6291
0.6176
0.6338
0.5795
0.5795
0.6229
0.9808
487
0.5827
0.5703
0.5845
0.5658
0.5658
0.5754
1.2541
544
0.5364
0.5322
0.5433
0.5545
0.5544
0.5365
-0.0225
571
0.5249
0.5161
0.5254
0.5496
0.5495
0.5199
0.9574
633
0.4901
0.4827
0.4877
0.5393
0.5393
0.4853
0.9892
690
0.4592
0.4560
0.4566
0.5309
0.5309
0.4572
0.4401
750
0.4361
0.4311
0.4270
0.5229
0.5228
0.4308
1.2047
817
0.4014
0.4066
0.3973
0.5148
0.5147
0.4047
-0.8211
884
0.3782
0.3850
0.3706
0.5074
0.5074
0.3814
-0.8511
942
0.3550
0.3682
0.3495
0.5016
0.5015
0.3632
-2.3198
1003
0.3319
0.3522
0.3291
0.4958
0.4958
0.3458
-4.1891
TABLE 4
Model parameters and correlation coefficients of
4 models for W2 well
Prediction
Model paramCorrelation
model
eters
coefficient
Arps hyperDi= 0.004874,
0.9995
bolic decline
n=1.201676
model
n= 0.582394,
SEPD model
0.9994
Ĳ=414.891711
Duong model
m=-1.154448
0.9321
Kerogen den= 0.18267
0.9321
cline model
FIGURE 1
The comparison between actual gas production
of well w1 and predicted gas production by different models.

Using the same method, the optimal weight coefficients of the combination model are obtained:
Ȧ2 
Ȧ3=66.2418×10-4,
Ȧ1 
-4
Ȧ4=66.4544×10 . Then the production formula of
W2 well predicted by the combination model is [19]:
q=0.6259q1t+0.3608q2t+66.2418×104
q3t+66.4544×10-4q4t

(20)

It can be seen from Table 1, Table 2, Figure 1
and Figure 2 that, the shale gas well production predicted by the combined model is close to the actual
value, and the prediction error is small, and it is
within a reasonable range, which shows that the new
combination model has high prediction accuracy and
certain practicability.

FIGURE 2
The comparison between actual gas production
of well w2 and predicted gas production by different models.
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TABLE 5
Precision comparison of 5 prediction models for W1 well
Prediction model
SSE
MAPE
Arps hyperbolic decline model
0.002550
0.066949
SEPD model
0.001603
0.0523483
Duong model
0.037300
0.280195
Kerogen decline model
0.037300
0.280201
Combination forecasting model
0.001602
0.052404

TABLE 6
Precision comparison of 5 prediction models for W2 well
Prediction model
SSE
Arps hyperbolic decline model
1.7769352175×10-5
SEPD model
3.2325057646×10-5
Duong model
249.5279310809×10-5
Kerogen decline model
249.5279510377×10-5
Combination forecasting model
1.1660729147×10-5

MAPE
0.017553
0.011163
0.188916
0.188885
0.011253

DISCUSSION

CONCLUSIONS

In order to test and compare the effects of Arps
hyperbolic decline model, SEPD model, Duong
model, kerogen decline model and combination prediction model, the sum of squares (SSE) and the
mean absolute percentage error (MAPE) of the five
models were calculated respectively.
Sum of squares of errors (SSE) [20]:

In order to predict shale gas well production
more accurately, based on the Arps hyperbolic decline model, SEPD model, Duong model and kerogen decline model, the weight coefficient in the optimal combination model is determined to minimize
the square sum of shale gas production error, and the
optimal combination model for predicting shale gas
well production is established.
The example calculation of W1 and W2 well
shows that compared with 4 single models, the sum
of squares of errors (SSE) and the mean absolute percentage error (MAPE) of the combined forecasting
model are all the smallest, indicating that the combined forecasting model has certain practicability
and reference value.

2

M

SSE

¦

qi  qit

(21)

t i

Mean absolute percentage error (MAPE)˖

MAPE

1
M

§ qi  qit ·
¨
¸
¦
qi ¹
t i ©
M

2

(22)

It can be seen from Table 5 and Table 6 that:
compared with Arps hyperbolic decline model,
SEPD model, Duong model and kerogen decline
model, the combined model predicts that the SSE
and MAPE of wells W1 and W2 are all the lowest.
The results wells W1 and W2 showed that both Arps
hyperbolic decline model and SEPD model had more
higher correlation coefficients, while Duong model
and kerogen decline model had lower correlation coefficient. To sum up, the optimal combination prediction model is better than each single prediction
model to fit the real shale gas well production. The
new shale gas well production combination prediction model has the highest accuracy, and the new
model has certain effectiveness and practicability.

NOMENCLATURE
qi - maximum or initial production, 104×m3/d;
q - production at a certain time, 104×m3/d;
Di- decline rate; t - production time, d;
n-exponential coefficient, constant;
Ĳ- time parameter, constant;
t0- kerogen model is the main starting time of
production, d;
m- heterogeneity coefficient, constant.
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PHYLOGENETIC ANALYSIS OF WILD GROWS
GANODERMA LUCIDUM IN TURKEY BASED ON THE ITS
REGION OF RDNA AND OBTAINING HYBRID STRAINS BY
PROTOPLAST FUSION METHOD
Bulent Kar*
Munzur University, Tunceli Vocational School, Department of Organic Agriculture, Aktuluk Street, University Campus, Postal 62000,
Tunceli Center, Tunceli, Turkey

traditional medicines for centuries in Asian countries.
Many Ganoderma species are known to produce
highly active bioactive compounds such DVSRO\VDF
charides, proteins, steroids, and triterpenoids [4, 5].
Ganoderma is a cosmopolitan genus. Some species
are pathogenic and cause white rot diseases in rotting
stumps, roots, and live stems [6, 7]. Ganoderma is
dispersed in both tropical and temperate regions, but
the vast majority of them are seen to thrive in tropical
regions and humid conditions [8]. While there are
451 taxon’s in the Fungorum index in the literature
[http://www.indexfungorum.org/; accessed date:
June 1st, 2020], 387 taxons in MycoBank
[http://www.mycobank.org/; accessed date: June 1st,
2020] has been recorded.
Ganoderma can sometimes be confusing to
ZRUNRQGXHWRKLJKO\YDULDEOHPRUSKRORJLFDOFKDU
acteristics of species in this group, including intra
species variations [9, 10]. DNAbased identification
methods seem to have solved this problem. This is
because the genetic composition is unique for each
species and is neither affected by age, physiological
conditions nor environmental factorV >@ ,Q DGGL
tion, DNA can be extracted from fresh or dried tissue,
powders, or mixed drug formulas [12, 13]. Thus,
DNA procedures are convenient, fast, and accurate
and they require only a small amount of sample.
There are several molecular marker technLTXHVFRP
monly used to classify Ganoderma strains. These
methods include hybridization [14], polymerase
FKDLQUHDFWLRQ 3&5 >@DQGQXFOHDUVHTXHQFLQJ
based methods [16]. Ranges used as sequencebased
methods involve, nucleotide ranges of 25S6QX
clear large subunit ribosomal DNA [rDNA] [17],
6 QXFOHDU VPDOO VXEXQLW >668@ U'1$ >@ QX
clear internal transcribed spacer [ITS] region rDNA
[19] and a specific gene [20]. Despite the fact that
phylogenetic studies of nuclear rDNA sequences
have provided sRPHLQVLJKWLQWRWKHUHODWLRQVKLSVEH
tween Ganoderma species, relationships between
WKLV JHQXV DQG RWKHU *DQRGHUPDWDFHDH JHQHUD UH
mained unclear. Thus, it is necessary to improve the
reliability and implementation of these methods to
distinguish medicinal Ganoderma from other

ABSTRACT
Ganoderma is a cosmopolitan genus of fungi in
many tree species. In this study, two wild
Ganoderma lucidum strains that show the natural
distribution in oak trees in the Mediterranean region
$ODWDDQG%DOFDOÕ ZHUHFROOHFWHGDQGWKHLUSK\OR
JHQHWLF UHODWLRQVKLSV EDVHG RQ WKH LQWHUQDO WUDQ
VFULEHGVSDFHUU'1$UHJLRQZHUHGHILQHGDQGLQYHV
tigated. 3 equal phylogeQHWLFWUHHVZHUHREWDLQHGXV
ing ITS sequences, the smallest of which was ~517
bp and the largest was ~836 bp, and the analysis of
0D[LPXP/LNHOLKRRG .LPXUDDQG7DPXUD DQG
0D[LPXP3DUVLPRQ\ %RRWVWUDS G. lucidum
strain in Turkey, unlike its EuURSHDQDQG&KLQHVHUHO
atives along with high bootstrap values (MLK2P:
99%, ML7DQG03 WKH\IRUPDFOXV
ter with G. resinaceum0RUHRYHUUHVXOWVRISK\OR
genetic analysis observing over 70% bootstrap (ML
K2P = 80%, ML7 DQG03  YDlues
of the G. lucidum samples in the study even among
themselves creates an impression that these two
strains are a substrain of a new G. lucidum. RAPD
PHWKRGZDVXVHGIRUPROHFXODULGHQWLILFDWLRQRIK\
brids acquired by protoplast regeneration. The diffeU
ence between hybrid individuals was best identified
as a result of RAPD analysis performed with primer
no RAPDGN X17.
KEYWORDS:
*DQRGHUPDWDFHDH PROHFXODU SK\ORJHQ\ ,QWHUQDO WUDQ
VFULEHGVSDFHU ,76 SURWRSODVWIXVLRQDQG5$3'

INTRODUCTION
Ganoderma, a species belonging to the
*DQRGHUPDWDFHDH IDPLO\ LQFOXGHG LQ %DVLGLRP\
cetes, was described by Karsten in 1881 [1].
*DQRGHUPDLVDWUHHIXQJXVWKDWKDVDYDUQLVKHGDS
pearance, known for the hard, shelllike surfaces on
its fruit parts. Members of this mushroom species are
considered to be economically valuable medical
mushrooms [2, 3]. Ganoderma spp. has been used in
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Ganoderma VSHFLHV ,Q RWKHU ZRUGV WKH SK\ORJH
netic characteristics of all Ganoderma VSHFLHVHVSH
cially those with medical significance spreading
around the world should be revealed.
Ganoderma lucidum FDOOHG /LQJ =KL 0XVK
room of IPPRUWDOLW\ LQ&KLQHVH5HLVKLDQG0DQ
netake in Japanese, and Yeongji in Korean is one of
the most important medical mushrooms [21]. It has
been used in Asian countries for nearly two thousand
\HDUVWRLPSURYHKHDOWKDQGHQHUJ\SURORQJOLIHID
cilitate dLJHVWLRQDQGVOHHSZHOO>@$FWLYHFRPSR
nents of Ganoderma lucidum H[WUDFWHGXVLQJKRWZD
ter or ethanol include polysaccharides [23], proteins
[22], and ganoderic acid [24]. These components
may be effective in treating cancer, hypertension,
and viral iQIHFWLRQV EHFDXVH PDQ\ UHSRUWV KDYH UH
ported that Ganoderma lucidum is antitumor [25],
antiaging [26], immune system booster [27] and
antihypertension [28], it has been determined to
KDYHDODUJHQXPEHURISKDUPDFRORJLFDOHIIHFWVLQ
cluding physical activities. For this reason, it is
widely used in human health products such as dietary
supplements. The worldwide commercial value of
Ganoderma lucidum DQGLWVGHULYDWLYHVLVDSSUR[L
mately US $ 2.5 billion per year [21]. Due to the high
demand for medical use and potential profits, it is
extremely important to identify Ganoderma lucidum
VSHFLHVLQGLIIHUHQWUHJLRQVDQGUHYHDOWKHLUPROHFX
lar properties.
The aim of this study is extremely important
from a medical point of Ganoderma VSHFLHVDQGQDW
urally growQLQ7XUNH\LVWRSURYLGHPROHFXODUHYL
GHQFHIRUWKHVHOHFWLRQDQGUHGHPSWLRQRIHOLWHYDUL
HWLHVDQGWRFUHDWHDEDVLVIRUDJHQHWLFGDWDEDVHFD
pable of determining the genetic relationship linked
to samples in the world. In this context in order to
designate phylogenetic location of Ganoderma lucidum VDPSOHVGHYHORSHGRQRDNWUHHVLQWKHLUQDWX
UDO HQYLURQPHQW LQ 7XUNH\ LQ$GDQD %DOFDOÕ  DQG
0HUVLQ $ODWD SURYLQFHV7KHWD[RQRPLFSRVLWLRQVRI
Ganoderma species and internal transcribed spacer
,76 U'1$UHgion were investigated, their hybrids
were obtained by protoplast fusion method, RAPD
profiles were extracted and the results are presented
here.

&<0 3RWDWR'H[WURVH$JDU 3'$ DQG0DOWH[
tract agar plate through tissue culture method, after
growing the mycelium FXOWXUHRQWKHSODWHLWLVSX
rified on PDA slants. The mycelial culture of
Ganoderma lucidum were prepared in solid culture
in our laboratory. Stock cultures were maintained in
slant tubes at 4°C on improved potato dextrose agar
medium (PDA, 1 L, 200 g/L potato, 20 g/L glucose,
J/DJDU 
DNA extraction. Genomic DNA extraction
stock cultures were grown on Petri dishes containing
potato dextrose agar and allowed to incubate for 7
GD\VDW&7KHQP\FHOLXPDJDUGLVFV aFP 
were obtained with a selfdesigned cutter and were
XVHGDVLQRFXOXPLQP/VKDNHIODVNVWKDWFRQ
tained 50 mL of PDA liquid medium and the fungal
biomass was harvested by centrifugation at 1250×g
for 10 min. Approximately 10 mg of biomass was
frozen using liquid nitrogen and immediately broken
GRZQE\0L[HU0LOO 5HWVFK00 '1$H[WUDF
tion was carried out using NcetylN,N,Ntrimethyl
ammonium bromide (CTAB: 0,1M Tris HCI,
pH=8.0, 1,4M NaCI, 0.02M EDTA, %2 CTAB,
  0HUFDSWRHWKDQRO  PHWKRG RI 'R\OH DQG
Doyle [29] with slight modifications as described
earlier [30]. The DNA samples were dissolved in 20
/7( 7ULV('7$S+ EXIIHUDQGVWRUHGLQ
íƕC for further analysis.
PCR amplification. To screen the internal
WUDQVFULEHGVSDFHU ,76 UHJLRQIURPWKHIXQJDOJH
nomic DNA, forward 5’$$*&77$7&*$*7777
GACTGGGT3’ and reverse 5’ **$7&&7*$
GACGGTTAGAAGCT3’ primers were designed
using the previously published Ganoderma lucidum
strain OE233 internal transcribed spacer sequence
$< &RPSRQHQWVIRU3&5UHDFWLRQwere
from Sigma$OGULFK 6W /RXLV 02 86$  XQOHVV
VWDWHGRWKHUZLVH7HPSODWH'1$ O  ZDVDPSOL
fied in a reaction mixture containing 5 μl 10X buffer
P00J&O ORIG173V P0 ORI
HDFKSULPHU P0 ERYLQHVHUXPDOEPLQ %6$ 
(10 mgmL– (Sigma$OGULFK6W/RXLV0286$ 
and 1 μl of Taq DNA polymerase. The reaction
mixture was then adjusted to a final volume of 40
μl with nucleaseIUHHZDWHU$PSOLILFDWLRQZDVSHU
IRUPHGRQDQ(SSHQGRUI 0DVWHU&\FOH86$ WKHU
mocycler and the PCR prRJUDPZDVDVIROORZV,QL
tial denaturation at 95 °C for 10 min; 35 cycles of
denaturation at 94 °C for 60 s; annealing at 50 °C for
VH[WHQVLRQDW&IRUVDQGDILQDOH[WHQ
sion at 72 °C C for 5 min. The PCR products (5 ȝ/  
were subjected to elHFWURSKRUHVLVRQ ZY DJD
rose gel, performed at 75 V for 30 min, stained with
ethidium bromide, and visualized under UV light
through a Molecular Imaging System (Bio5DG+HU
FXOHV&$86$ DQGDQDO\]HGIRUWKH\LHOGRIDP
plicons of expected sizes.

MATERIALS AND METHODS
Sample collection and culture of Ganoderma
lucidum. The samples were collected from different
areas of AdanaBalcali and MersinAlata region in
Turkey. All collected samples were identified on
morphological bases on fruiting body color, size,
VWHPFRORUDQGVL]HDQGVSRUHVDQGVSRUHSULQW$I
ter microscopic and morphological identification,
fungal mycelium have been isolated through fruiting
body of Ganoderma on Completely yeast medium
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TABLE 1
Gonaderma species, GenBank accession number and origin of sequences used in this study. The newly generated sequences are in bold
6SHF൴HV
*HQ%DQNDFFHVV൴RQ1R>,76@
2U൴J൴Q
References
*DQJXVW৻VSRUXP
MG279171
&K൴QD
[37]
*DU৻G৻FROD[holotype]
KU572491
'XUEDQ6RXWK$IU൴FD
[38]
*DXVWURDIU৻FDQXP
KM507324
6RXWK$IU൴FD
[38]
*ERQ৻QHQVH
KJ143905
Japan
[16]
*ERQ৻QHQVH
KJ143906
Japan
[16]
G. carnosum
KU572493
Czech R, Europe
[38]
G. carnosum
KU572494
Czech R, Europe
[38]
G. carocalcareus
EU089969
Germany
[39]
G. carocalcareus
EU089970
Germany
[39]
*FDVXDU৻Q৻FROD
MG279173
&K൴QD
[37]
*FDVXDU൴Q൴FROD
MK817650
&K൴QD
[1]
*FXUW৻V৻৻
JQ781848
&K൴QD
[38]
*FXUW৻V৻৻
JQ781849
&K൴QD
[38]
3UHWRU൴D6RXWK
G. destructans
KR183856
[38]
$IU൴FD
3UHWRU൴D6RXWK
G. destructans [type]
NR132919
[38]
$IU൴FD
*HFXDGRU৻HQVH
KU128524
Ecuador
[69]
*HFXDGRU৻HQVH
KU128525
Ecuador
[69]
*HQ৻JPDW৻FXP
KU572486
$IU൴FD
[38]
*HQ৻JPDW৻FXP
KU572487
$IU൴FD
[38]
3UHWRU൴D6RXWK
*HQ৻JPDW৻FXP[type]
NR132918
[38]
$IU൴FD
*KHRKQHO৻DQXP
KU219988
6RXWKHUQ&K൴QD
[40]
*KHRKQHO৻DQXP
MG279160
&K൴QD
[37]
*KHRKQHO৻DQXP
MG279178
&K൴QD
[37]
G. leucocontextum
KU572485
;൴]DQJ&K൴QD
[38]
G. leucocontextum
KM396271
;൴]DQJ&K൴QD
[38]
G. leucocontextum
KM396272
;൴]DQJ&K൴QD
[38]
G. leucocontextum
KJ027607
7൴EHWRI&K൴QD
[41]
G. leucocontextum
KF011548
7൴EHWRI&K൴QD
[41]
*O৻QJ]K৻
KJ143908
/൴DRQ൴QJ&K൴QD
[38]
*O৻QJ]K৻
JQ781864
$QKX൴&K൴QD
[38]
*O৻QJ]K৻
MG279179
&K൴QD
[37]
*O৻QJ]K৻[holotype]
JQ781858
+XEH൴&K൴QD
[22]
G. lobatum
KF605675
USA
[38]
G. lobatum
KF605676
USA
[38]
G. lobatum
KF605671
USA
[37]
G. lobatum
KF605670
USA
[37]
*OXF৻GXP
JQ520185
Canada
[42]
*OXF৻GXP
JN588574
France
[43]
*OXF৻GXP
JN588575
Italy
[43]
*OXF৻GXP
JQ781852
)൴QODQG
[22]
*OXF৻GXP
JQ781851
Sweden
[22]
*OXF৻GXP
AY884176
UK
[44]
*OXF৻GXP
KJ143910
<XQQDQ&K൴QD
[38]
*OXF৻GXP
KJ143911
UK, Europe
[16]
*OXF৻GXP
MG279181
&K൴QD
[37]
*OXF৻GXP
MG279182
&K൴QD
[37]
*OXF৻GXP>$ODWD@
MT708677
Turkey
7K൴VVWXG\
*OXF৻GXP>%DOFDO৻@
MT703901
Turkey
7K൴VVWXG\
*PDUW৻Q৻FHQVH
KF963257
0DUW൴Q൴FD)UDQFH
[38]
*PDUW৻Q৻FHQVH
KF963256
0DUW൴Q൴FD)UDQFH
[38]
G. mbrekobenum
KX000896
Ghana
[69]
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6SHF൴HV
G. mbrekobenum
*PHUHG৻WKDH
*PXOW৻S৻OHXP
*PXOW৻S৻OHXP
*PXOW৻S৻OHXP
*PXOW৻SO৻FDWXP
*PXWDE৻OH
*RUE৻IRUPH
*UHV৻QDFHXP
*UHV৻QDFHXP
*UHV৻QDFHXP
*UHV৻QDFHXP
*UHV৻QDFHXP
*U\YDUGHQ৻৻
*U\YDUGHQ৻৻
*U\YDUGHQ৻৻
*VHVV৻OH
G. VHVV৻OH
*VHVV৻OH
*V৻FKXDQHQVH
*V৻FKXDQHQVH
*V৻FKXDQHQVH
*V৻QHQVH
*WKD৻ODQG৻FXP
>KRORW\SH@
*WKD৻ODQG৻FXP
>SDUDW\SH@
*WURS৻FXP
*WURS৻FXP
*WURS৻FXP
*WURS৻FXP
*WURS৻FXP
G. tsugae
G. tsugae
G. tsugae
G. tsugae
*YDOHV৻DFXP
*ZHEHU৻DQXP
*ZHEHU৻DQXP
*ZHEHU৻DQXP
*Z৻OO৻DPV৻DQXP
*Z৻OO৻DPV৻DQXP
*]RQDWXP
*]RQDWXP
2XWJURXS
7RPRSKDJXVFRORVVXV
7RPRSKDJXVFRORVVXV
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TABLE 1 Continued
*HQ%DQNDFFHVV൴RQ1R>,76@
2U൴J൴Q
KX000898
Ghana
JQ520191
Unknown
JF915409
&K൴QD
KJ143913
7D൴ZDQ&K൴QD
KJ143914
+D൴QDQ&K൴QD
JX310823
%UD]൴O
JN383977
<XQQDQ&K൴QD
MG279186
&K൴QD
JQ520204
Czech
AY884177
UK
JQ520200
UK
KJ143915
France, Europe
KJ143916
Netherlands
Cameroon, South
HM138670
$IU൴FD
Cameroon, South
HM138671
$IU൴FD
Cameroon, South
HM138672
$IU൴FD
KF605629
USA
KF605630
USA
KJ143917
USA
JQ781877
&K൴QD
JQ781878
&K൴QD
KC662402
&K൴QD
KF494998
+D൴QDQ&K൴QD
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Sequencing and alignment procedures. The
3&5SURGXFWVZHUHVHQWWR,RQWHN/DERUDWRULHV ,V
WDQEXO7XUNH\ DFRPPHUFLDOFRPSDQ\IRU6DQJHU
VHTXHQFLQJXVLQJWKH%LJ'\H7HUPLQDWRUY&\
FOH6HTXHQFLQJ.LW $SSOLHG%LRV\VWHPV/LIH7HFK
QRORJLHV &RUSRUDWLRQ$XVWLQ 7; 86$  ZLWK IRU
ward and reverse primer. Bidirectional sequencing

ZDVXVHGDV6DQJHUVHTXHQFLQJPHWKRGLVDEOHWRDP
plify the entire ITS15.8SITS2 region with ITSF
and ITSR. Sequence alignment and data analysis
were performed using ChromasPro V1.34 and Clone
Manager 10, respectively, whilst similarity analysis
was conducted using Clustal Omega [70]. Besides

3898

© by PSP

Volume 30– No. 04/2021 pages 3895-3909

Fresenius Environmental Bulletin

be selected among them were transferred to CYM
medium, these selected hybrids were grown in CM
PHGLXPDWWHPSHUDWXUHVRIDQG&DQGVDP
SOHVZHUHH[DPLQHG7KHUHVXOWLQJK\EULGLQGLYLGX
als were grown and cultured as described above, and
molecular analyzes were performed.

WKHVHTXHQFHVJHQHUDWHGIURPWKLVVWXG\RWKHUUHIHU
ence taxa for our phylogenetic analysis were selected
from GenBank [71], and the original publications of
the phylogenetic analyses contributing the sequences
were referenced in Table 1.
Phylogenetic analyses. 7KH VHTXHQFHV RE
tained in this study are deposited in GenBank under
accession numbers MT708677MT703901 (Table
  $Ol ITS sequences of Ganoderma sp. were
DOLJQHGXVLQJWKH086&/(PHWKRG>@$OODOLJQ
PHQWV ZHUH YLVXDOO\ H[DPLQHG DQG DGMXVWHG PDQX
ally. Phylogenetic analysis was conducted using the
MEGA X program [32]. The Kimura 2parameter
.3  DQG 7DPXUD parameter PRGHOV ZHUH VH
lected for analysis of the ITS region. A maximum
OLNHOLKRRG 0/ WUHHZDVFRQVWUXFWHGXVLQJ0(*$
X with the following parameters: the bootstrap
PHWKRGZDVFRQGXFWHGZLWKUHSOLFDWHVWKHVXE
stitution model was Kimura 2SDUDPHWHU .3 WKe
rates among sites were uniform, and gaps were
WUHDWHG DV PLVVLQJ GDWD FRPSOHWH GHOHWLRQ  2WKHU
parameters followed the default settings. $PDXUR
derma rugosum Cui 901KJ531664 [16] was set as
outgroups for ITS phylogenetic analysis. Branches
that receiveGERRWVWUDSVXSSRUWIRUPD[LPXPSDUVL
mony and maximum likelihood greater than or equal
to 50 % were considered as significantly supported.
The trees of ITS sequences were visualized using the
,QWHUDFWLYH 7UHH 2I /LIH L72/  ZHEVHUYHU
KWWSLWROHPEOGH [33].

Molecular diagnostic. In addition Molecular
differentiation between isolated Ganoderma DQGK\
brid species that obtained by protoplast fusion
PHWKRGWKURXJK5DQGRP$PSOLILFDWLRQRI3RO\PRU
SKLF'1$ 5$3' PHWKRGGHVFULEHG,QDSUHOLPL
nary test, 20 random primers from Favorgen RAPD
GN X Kit were screened. The primers were ten bases
long with 50%  70% G+C content. Five primers,
which produced consistent patterns, were selected
for RAPD analysis. They were RAPDGN X01 (5’
FWJJJFDFJD   5$3'GN X   WWFFJFFDFF  
RAPDGN X08 [5' caggggtgga 3'], RAPDGN X
12 [5' tcgccagcca 3'] and RAPDGN X  JDFDF
JJDFF OSXULILHGZDWHUOSULPHUO'1$
and 3 μl PCR mix (2 μl PCR 10X buffer, 1 μl d NTP
DQGOIRUHDFKO7DT PL[WXUHZDVSUHSDUHG
according to the number of samples. Denaturation
temperature was determined as one minute at 94 ° C,
adhesion temperature of primers at 3032 C°, and
elongation temperature of primers as two minutes at
72 C° this procedure was applied as 40 cycles. PCR
results were run in 2% agarose gel prepared with 1X
7%( 7ULV%RULFDFLG('7$ IRU20 minutes at 100
watts and 50 amps and then photographed under U.
9 893 : WK 6WUHHW 8SODQG &$  
DIWHUVWDLQLQJ SRVWVWDLQLQJ ZLWK(W%U PJPO 

Protoplast fusion. 3URWRSODVW IXVLRQ ZDV SHU
formed using the Novozyme buffer. Ganoderma lucidum specimens CYM (L  0J62 +2 
KH2PO4,0.46; K2HPO4,1; peptone, 2; Dglucose,
20; and were shaken in liquid medium at 28 C° and
120 rpm and incubated in a dark environment. The
micelles grown in this way were separated by means
of a 1 mm nickel sieve and washed with osmatic
EXIIHU 0VXFURVH VROXWLRQ>@7KH\ZHUH
incubated for 13 hours at 10 rpm in Novozyme
buffer in 0.6 M mannitol to remove the fungal cell
wall [35]. When sufficient protoplasts are released,
WKHSURWRSODVWVLQWKHVXSHUQDWDQWVHSDUDWHGE\ILOWHU
ing the micelles through the filter and centrifuging at
2000 g for 10 minutes are separated from the cell
waste in the substrate [34, 35]. Concentrated pellet
protoplast was obtained by centrifuging at 6000 g for
15 more minutes. These two groups of protoplasts
ZHUHIOXVKHGLQRVPDWLFEXIIHUDQG ZY SRO\
ethylene glycol (MW 4000; PEG4000, Sigma$O
GULFK LQ0&D&O2 were also incubated
at 28 C° in a dark room for 10 minutes. In 0.6 M
mannitol (g L WRUHJHQHUDWHWKHFHOOZDOODIWHUSUR
toplasts are mixed: Dglucose, 4; yeast extract, 4;
PDOWH[WUDFWDQGDJDUZDVDGGHGZLWKDQGLQ
cubated at 28 C° for 35 days [34, 36]. Colonies to

RESULTS
%\XVLQJDOORI,76DQGVRPHGLIIHUHQW'1$VH
quences (such as EF1ĮRPB2 Ganoderma species
can be effectively differentiated however, in this
study, phylogenetic analyzes based on the ITS region,
which is widely used in phylogenetic classification
of fungi, were used to investigate the intimacy in
Ganoderma species. The datasHWFUHDWHGE\FRPELQ
LQJ,76VHTXHQFHV 07DQG07 DQG
NCBI Ganoderma ,76GDWDREWDLQHGLQWKLVVWXG\LQ
volves 94 different ranges obtained from outgroup
7RPRSKDJXV FRORVVXV -; DQG .- 
and 35 different Ganoderma species [Table 1]. 3
HTXDOSK\ORJHQHWLFWUHHVZHUHREWDLQHGXVLQJ,76VH
quences, the smallest of which was ~ 517 bp and the
largest being ~ 836 bp, and the analysis of Maximum
/LNHOLKRRG .LPXUDDQG7DPXUD DQG0D[LPXP
3DUVLPRQ\ %RRWVWUDS ,QRWKHUZRUGVWRSR
logically very identical trees were obtained and the
tree grown with MLK2P method is shown in Figure
1.
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FIGURE 1
Phylogram of all known Ganoderma species, obtained from maximum likelihood of ITS dataset.
Bootstrap values %6 IURP0D[LPXP/LNHOLKRRGKimura 2Parameter (ML.3OHIW 0D[LPXP/LNHOLKRRGTamura 33D
rameter (ML73PLGGOH DQG0D[LPXP3DUVLPRQ\ 03ULJKW JUHDWHUWKDQDUHLQGLFDWHGDERYHWKHQRGHVDV0/K2P/
MLT3P/MP. The tree is rooted with TomophagXVFRORVVXV -;DQG.- 6SHFLHVLQ7XUNH\DQGQHZUHFRUGV G.
lucidum $ODWD 07DQG %DOFDOL 07 DUHLQGLFDWHGLQEODFNEROG&OXVWHUVRI&ODGH,&ODGH,,DQGVXEclusters
of Clade III are highlighted in red, blue, light yellow and dark yellow, respectively. The tree was visualized using iTOL.
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FIGURE 1 continued
Phylogram of all known Ganoderma species, obtained from maximum likelihood of ITS dataset.
Bootstrap values %6 IURP0D[LPXP/LNHOLKRRGKimura 2Parameter (ML.3OHIW 0D[LPXP/LNHOLKRRGTamura 33D
rameter (ML73PLGGOH DQG0D[LPXP3DUVLPRQ\ 03ULJKW JUHDWHUWKDQDUHLQGLFDWHGDERYHWKHQRGHVDV0/K2P/
MLT3P/MP. The tree is rooted with TomophaJXVFRORVVXV -;DQG.- 6SHFLHVLQ7XUNH\DQGQHZUHFRUGV G.
lucidum $ODWD 07DQG %DOFDOL 07 DUHLQGLFDWHGLQEODFNEROG&OXVWHUVRI&ODGH,&ODGH,,DQGVXEclusters
of Clade III are highlighted in red, blue, light yellow and dark yellow, respectively. The tree was visualized using iTOL.

Phylogenetic results have shown that the tree
has three main distinct clades. While European and
Chinese G. lucidum samples are found in Clade I., in
Clade II. unlike the relatives of G. lucidum strains in
Europe and China it is observed that they coexist
with G. lucidum, G. resinaceum, G. carocalcareus,
G. sichuanense, G. weberianum, G. austroafricanum,
G. heohnelianum, G. valesiacum and G. sessile. II.
Clade is divided into two subFODGHV$ODWDDQG%DO
FDOÕ VWUDLQV FOXVWHU WRJHWKHU ZLWK G. resinaceum WR
gether with high bootstrap values (MLK2P: 99%,
ML7  DQG 03   0RUHRYHU UHVXOWV RI

SK\ORJHQHWLFDQDO\VHVFUHDWHGDQLPSUHVVLRQE\RE
serving G. lucidum samples give bootstrap values
above 70% (MLK2P = 80%, MLT3 = 79% and MP
 HYHQDPRQJWKHPVHOYHVFUHDWHGDQHZG. lucidum substrain. The tree obtained verifies this data.
&ODGH,,,  H[KLELWHGDEUDQFKLQJZLWKPRUHPHP
bers than any other clade. This clade is divided into
two large subclades.
In the above part, a total of 96 ITS sequences,
LQFOXGLQJGLIIHUHQWVHULHVIURPGLIIHUHQWVSH
cies downloaded from the NCBI database and the
,76 ]RQHV RI $ODWD 07  DQG %DOFDOÕ
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07 sequences obtained in this study were
tried to be explained by using Mega;SDFNDJHSUR
gram. Similarly, for the analysis of G. lucidum
strains among themselves, a total of 449 sequences
were used for the phylogenetic tree, 447 of which
were downloaded froPWKH1&%,GDWDEDVHDQGFRQ
ILJXUHGXVLQJWKHVDPSOHVLQWKLVVWXG\DQGWKHLUSK\
ORJHQHWLF UHODWLRQVKLSV KDYH EHHQ VXFFHVVIXOO\ H[
SODLQHG 7KHLUGDWDQRWLQFOXGHGKHUH   7KUHHGLI
ferent phylogenetic tree data obtained using 449 ITS
sequence samples were exDPLQHGDQGVDPSOHVUHS
resenting each clade were identified. Then, a new
tree was drawn using 58 different G. lucidum ,76VH

TXHQFHVUHSUHVHQWLQJDVXEVHWRIWKHVHGDWDDQGSUH
VHQWHGKHUH )LJXUH 
In this study, phylogenetic analysis performed
with all ITS sequences showed that Ganoderma lucidum can be divided into three groups. While Group
1 primarily consists of samples in Europe and North
$PHULFD>&DQDGD@  WKHFODGHZLWKWKHODUJHVWPHP
ber of the phylogenetic trees obtained from Group 3
consists of India, Taiwan, China, Brazil, Viet Nam,
Hang Kong, Philippines, and Mexico also being a
North American country. The samples of G. lucidum
$ODWD 07 DQG%DOFDOÕ 07 LQWKLV
study formed Group 2 with samples from Serbia (2
VDPSOHV $PHULFD VDPSOH DQG&KLQD VDPSOHV 

FIGURE 2
Molecular phylogeny of the Ganoderma lucidum species used in this study based on the ITS1 rRNA region.
7KHPDMRULW\UXOHFRQVHQVXVWUHH &ODGRJUDP IURPPD[LPXPOLNHOLKRRGDQDO\VHV based on 58 sequences of the ITS1
U51$UHJLRQ7RPRSKDJXVFRORVVXV -;DQG.- LVLQFOXGHGDVWKHRXWJURXS&OXVWHUVRI*URXS,*URXS,,DQG
Group III are highlighted in pink, blue and grey, respectively. The tree was visualized using iTOL.
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FIGURE 3
Hybrid individuals obtained as a result of protoplast fusion process and their development in petri dish
(A). Culture after incubation at 28 °C for 7–15 days on Potato Dextrose Agar (PDA) (B).

FIGURE 4
RAPD banding patterns obtained using primer RAPD-GN X-17 of G. lucidum isolates from two different
DUHDV $$ODWD%%DOFDOÕ DQGK\EULG +-H10). M-marker.
A total of 40 samples were analyzed using 5
RAPD primers (RAPDGN X DVD
result of protoplast fusion between the G. lucidum
$ODWDDQG%DOFDOÕVDPSOHVLQWKLVVWXG\7KHGLIIHU
HQFHEHWZHHQK\EULGLQGLYLGXDOV )LJXUH ZDVEHVW
determined as a result of RAPD analysis performed
with primer no RAPDGN X17. No difference was
found in the other 4 RAPD primers (RAPDGN X
01,02,08,1 XVHGLQWKHVWXG\$VDUHVXOWRI5$3'

DQDO\VLV EHWZHHQ$ODWD DQG %DOFDOÕ )LJXUH   K\
brid individuals were identified according to the
number of bands and band sizes obtained. It has
been observed that there is a wide variation among
Alata%DOFDOÕ Kybrid individuals. As a result of
RAPD analysis, it is clearly seen that Alata%DOFDOÕ
hybrids are different in terms of band number and
band length. And this shows that a genetic variation
between the hybrid Ganoderma LVRODWHVKDVEHHQRE
tained.
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is similar to the analysis results. Similarly, Hong and
Jung [53] reported that G. lucidum VSHFLPHQVLQ.R
UHDDQG-DSDQZHUHPRQRSK\OHWLFDQGEDVHGRQVH
quencing analysis of mitochondrial smallVXEXQLWUL
bosomal DNA, G. lucidums separated from Europe
and North America.
Liao et al. [55] reported that Korean G. lucidum
can be grouped together with Chinese G. lucidum
and *OLQJ]KL EDVHGRQ,76VHULHVDQG51$ VHF
RQGDU\ VWUXFWXUHV ,Q DGGLWLRQ &DR HW DO >@ UH
ported that G. sichuanense LVGLVWDQWO\SK\ORJHQHW
ically related to *OLQJ]KL, but closely related to G.
resinaceum,QUHIHUHQFHWRLWVPRUSKRORJLFDOFKDU
acteristics, it was reported that Chinese G. lucidum
(* OLQJ]KL  KDV D \HOORZ SRUH VXUIDFH > @ D
white pore surface of European G. lucidum [58], and
WH[WXUHVVLPLODUWRWKHOLJKWEURZQLVKWKUHDGRI.R
rean G. lucidum >@DQGH[KLELWVVLPLODUFKDUDFWHU
istics with G. lucidum’VUHODWLYHVLQ7XUNH\DQG(X
rope.
Morphologically, although G. aridicola shares
the dark brown column surface, a thin crust on the
upper surface, fresh and dark redEURZQPRUSKRORJ
ical features with G. mutabil >@LQSK\ORJHQHWLFDQ
DO\]HV )LJXUH WKHVHWZRVSHFLHVDUHGLVWLQJXLVKHG
IURP HDFK RWKHU :KHQ WKH EDVLGLRVSRUHV RI (XUR
pean Ganoderma resinaceum have concentric
JURZWKUHJLRQVWKHZKLWHSRUHVXUIDFHDQGWKHJOD
brous upper surface resemble G. aridicola, but they
are different from each other in the phylogenetic tree
[38]. Ganoderma aridicola and G. martinicense
Welti and Courtecuisse [60] hDYH VLPLODU EDVLGLR
spores (9.512 × 57 ȝm for G. martinicense +RZ
ever, the latter is a type with a golden yellow surface
and longer echinula up to 2 ȝm [60]. Moreover, these
WZRW\SHVDUHGLIIHUHQWIURPHDFKRWKHULQSK\ORJH
netic trees. Similar results DUHVHHQLQRXUWUHHV )LJ
XUH   :KHQ=KDQJHWDO>@  HYDOXDWHGG. lucidum samples in terms of ITS1 and ITS2 in their
study in 2017, they divided them into three large
groups even they have noted that they can assess
Group 1 and 3 together in terms of ITS2. In contrary,
Saltarelli et al. [62] divided Ganoderma lucidum into
six groups in their phylogenetic studies using Italy
and China origin Ganoderma lucidum isolates.
An attempt to use ITS as a barcoding method to
distinguish Ganoderma sp. has been prHYLRXVO\UH
ported. In the results, most of ITS, Ganoderma lucidum species originating from Europe and Asia can
be successfully identified using the ITS2 sequences
>/LDRHWDO@7KHVHUHVXOWVVKRZWKDW,76SDU
tially differentiates at the Ganoderma sp. species
level and Ganoderma lucidum at the interspecies
level, which is consistent with our results. However,
RXUGDWDKDVVKRZQWKDW,76FDQHIIHFWLYHO\GLIIHUHQ
tiate Ganoderma lucidum strains that this has
strengthened the hypothesis that Ganoderma lucidum is a species complex correlating well with the
geographic origins of homophile groups [54, 62].
The traditional taxonomy of Ganoderma species is

DISCUSSION
The emerging phylogenetic tree (Figure  
shows a wide genetic diversity among the
Ganoderma species. Interestingly, it clustered in G.
OXFLGXP $ODWD DQG %DOFDOÕ G. resinaceum group.
6LPLODUUHVXOWVZHUHUHSRUWHGE\=KRXHWDO>@VWDW
ing that G. lucidum G05 and *HXSHQVH G11 strains
clustered into the G. resinaceum group. Although
both type specimens and our G. lucidum collections
are macromorphologically grouped into distinct
clade, it has been interpreted as possibly caused by
geographical and climatic changes, Boddy et al. [50]
they also stated that climate change and geography
affect fungi in many ways, especially with regard to
the phenological changes of mushroom fruits and the
spatial and temporal distribution of the hosts. Park et
al. [48], they reported that G. lucidum strains from
Europe and North America can cluster together with
G. tsugae EDVHGRQDQDO\VLVRI,76U'1$JHQHVH
quences. Similarly, it has been shown by Kwon et al.
[42] that Korean G. lucidum strains can be clustered
together with G. sichuanense and *OLQJ]KL strains
from China.
Our resultant trees in a study conducted by
Luangharn and et al. [1], Ganoderma aridicola [38],
G. casuarinicola [37], G. enigmaticum [51], and G.
thailandicum >@HPSKDVL]LQJWKDWEHVLGHVWKHLUPRU
phoORJLFDOVLPLODULWLHVDQGVKDULQJHOOLSVRLGEDVLGLR
spores as they mature and they show that they own
KLJKERRWVWUDSVXSSRUW RYHU ,WZDVREVHUYHG
that it was compatible with the data obtained in this
study (MLK2P = 99 %, MLT3 = 100 % and MP =
 %DVHGRQH[WHQVLYHPRUSKRORJLFDOFKDUDFWHU
istics and molecular analysis, they reported G. casuarinicola as a new record to Thailand, and G.
thailandicum as a new species from Thailand.
Phylogenetic analysis has shown that G. lucidum strains in various paUWVRIWKHZRUOGDUHDVVR
ciated with different species [52, 19, 53]. However,
Ganoderma species from various countries such as
Africa, Oceania, America, Asia (China, Korea, and
-DSDQ  DQG (XURSH >@ KDYH EHHQ LQFRUUHFWO\ UH
ported as G. lucidum. Additionally, Moncalvo et al.
[54] classified G. lucidum collections from different
UHJLRQV $VLD DQG (XURSH  DV GLIIHUHQW VSHFLHV DF
cording to the ITS and partial nuclear large subunit
ribosomal DNA sequences.
Kwon et al. [42], revealed that Korean G. lucidum together with Chinese G. sichuanense and
Chinese *OLQJ]KL[both of them former G. lucidum]
belong to the same group and explicitly separated
from their G. lucidum samples in Europe and North
America. In addition, they divided the G. sichuanense into two groups and found that the G. sichuanense strains, including the holotype, clustered
together with the G. weberianum in a separate group
and were closely related to the G. resinaceum. ITS
QXFOHRWLGH VHTXHQFH 07 DQG 07 
obtained from the G. lucidum samples in this study
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mainly based on the morphological characteristics of
fruit bodies, the most important of which are the
shape and size of basidiospores and cuticle cells [63].
However, Ganoderma VSHFLHVFDQEHHDVLO\PLVLGHQ
WLILHGGXHWRWKHLUSKHQRW\SLFSODVWLFLW\)RUWKDWUHD
VRQGLIIHUHQWJHRJUDSKLFDOORFDWLRQVRUHQYLURQPHQ
WDOFRQGLWLRQVFDQFDXVHSRO\PRUSKLVPVRIEDVLGLR
mas [19]. Ganoderma lucidum strains from Group 1
originated mainly from European countries. Various
morphological characteristics distinguish European
Ganoderma lucidum from East Asian species. For
example, in mature basidiocarps, while Ganoderma
lucidum frRP(DVW$VLDFRQYH\VWREODFNPHOD
noid bands and a yellow pore surface in context,
Ganoderma lucidum LQ(XURSHGRHVQRWKDYHDPHO
anoid band structure and has a white pore surface
[22]. In addition, the basidiocarp of Ganoderma lucidum from Asia has a finer size than Ganoderma lucidum of Europe [47].
Moncalvo et al. [54] showed that it is consistent
with the data obtained in previous studies analyzing
large subunit nuclear ribosomal DNA [LSU nrDNA]
zones and that the Ganoderma lucidum collections
from Asia and Europe belong to different groups
based on the analysis of ITS sequences. In addition,
Moncalvo et al. [54] further reported that
Ganoderma lucidum was dispersed in northern and
southern Europe and possibly as far as China. Cao et
al. [22] confirmed that the majority of Ganoderma
lucidum includes northeastern China. This finding
may explain some of Ganoderma lucidum in Group
1 originating from China. We found that strains of
Ganoderma lucidum originating from tropical Asia
nest in Group 3, while strains from China, Korea,
and Europe cluster in Group 2.
Similarly, Wang et al. [47] verified that
Ganoderma lucidum in Asia represents at least two
different strains. They have revealed that one species
is from Taiwan, India, and the Philippines, and the
RWKHU LV IURP &KLQD DQG -DSDQ 7KLV UHVXOW LV FRQ
sistent with the pK\ORJHQHWLFWUHHREWDLQHGKHUH )LJ
XUH  . Phylogenetic analysis revealed that tropical
and eastern Asian species Ganoderma lucidum are
different species. For this reason, Wang claimed that
Ganoderma lucidum is a name mistakenly applied to
Asian collections, and *DQRGHUPD PXOWLSLOHXP
would be a more appropriate name for Ganoderma
lucidum in tropical Asia. Within Ganoderma species,
ITS zones are homogenized by harmonious evolX
tion and unequal transition processes. However, an
increasing number of ITS polymorphisms in a single
individual have also been commonly reported in
fungi. For ITS polymorphisms, some occur only in
the ITS1 zone while others can be found in the ITS2
zone [64].
When the ITS sequences of Ganoderma lucidum were divided into ITS1 and ITS2 zones and
H[DPLQHGFDUHIXOO\LWZDVREVHUYHGWKDW,76FRQ
tained more nucleotide variance compared to ITS2
sequences [61]. A similar study found three highly

variable zones: one in the middle zone of ITS1 and
the others near the 5 'end of the ITS2 zone [54]. Old
K\EULGL]DWLRQVJHQHGXSOLFDWHVRUORZFRKHUHQWHYR
OXWLRQPD\EHWKHFDXVHVRI,76KHWHURJHQHLW\EH
tween Ganoderma lucidum strains. [64]. And these
results also shoZWKDW,76RXWSHUIRUPVZKHQFRP
pared to ITS2 arrays.
High genetic diversity may arise from different
geographic locations where isolates were obtained,
or it could indicate that the isolates originated from
the same species or closely related species with a
broad genetic base. Idris et al. [65], suggested that
G. boninense exhibited 4,8% to 69.2% similarity
ZLWK0DOHVLDSDOPRLODQGFRFRQXWE\XWLOL]LQJ-DF
card’VVLPLODULW\FRHIILFLHQWWRDQDO\]H5$3'PRG
els of 40 isolates from different Ganoderma species
from different geographical zones and this illustrated
the heterogeneity of Ganoderma isolates [66].
+LJK OHYHOV RI JHQHWLF YDULDELOLW\ DUH ZLGH
spread in most sexually reproducing fungi such as
Ganoderma. It has been reported that variability is
also related to the ability of organisms to adapt to use
of different substrates. However, the sources and a
high degree of genetic variation extent among
Ganoderma LVRODWHVDUHXQNQRZQ,Q PRVWHXNDU\
RWLFRUJDQLVPVWKHSULPDU\VRXUFHRIJHQHWLFYDULD
tion is sexuDOUHSURGXFWLRQZKHUHPHLRWLFUHFRPEL
QDWLRQRFFXUV6LQFHWKHUHVXOWDQWYDULDELOLW\PD\DI
fect the host and pathogen relationship and due to the
easy adaption of the fungi to varying environmental
conditions more information is required about
Ganoderma especially to identify how and when the
fungi variability revealed.
This study shows that RAPDs cannot substitute
for the ITS sequencing for taxonomic identification
and groupings in the G. lucidum complex rather
RAPDs can be useful in identifying taxonomically
significant groups for the systematic of identical or
nearly identical closely related taxon. The results
suggest that our RAPD data matrix only involves
taxonomic information for the more relevant taxon
furthermore; character homology inferences for
RAPDs may only be true in the population in species
of the G. lucidum complex or at the level of diversity.
More generally, The use of RAPDs in systematic has
some limitations, and the suitability and taxonomic
meaning of RAPD groupings always need diligent
comparison with those of other data sources.
5$3'PDUNHUVFDQEHXVHGWRGLIIHUHQWLDWHWD[
ons by generating amplified fragments specific to
WD[RQVRUE\JURXSLQJFORVHO\UHODWHGWD[RQVLQFOD
distics analysis [67]. However, the reliability of
RAPD profiles of artificial variations was discussed
over a wide range of parameters and it was shown
that experiments had to be carefully organized and
rigorously standardized to produce reproducible and
stable profiles. However, RAPD3&5KDVWKHSRWHQ
tial to examiQHHQWLUHJHQRPHVDQG5$3'VFDQSUR
YLGH LQIRUPDWLRQ DERXW RUJDQLVPLF HYROXWLRQ RYHU
looked by single gene comparisons. Combining
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RAPD3&5DQGVHTXHQFLQJPHWKRGVWRFUHDWHSK\
logenetic characters can therefore still hold some
promise in evolutionary genetics and systematics:
%\ GHWHUPLQLQJ WKH QXFOHRWLGH VHTXHQFHV RI UDQ
domly amplified products, homologies between
RAPDs can be extracted with greater confidence and
homologous with variable nucleotide sequences.
RAPD fragments can be utilized as phylogenetic
characters.

[3] Hapuarachchi, K.K., Karunarathna, S.C.,
Phengsintham, P., Kakumyan, P., Hyde, K. D.,
DQG:HQ7&  $PDXURGHUPD *DQRGHU
PDWDFHDH 3RO\SRUDOHV –bioactive compounds,
beneficial properties and two new records from
Laos. Asian Journal of Mycology.   –136.
[4] Wang, F., DQG/LX-.  +LJKO\R[\JHQ
ated lanostane triterpenoids from the fungus
*DQRGHUPD DSSODQDWXP. Chem. Pharm. Bull.
  1037.
[5] Li, L. F., Liu, H. B., Zhang, Q. W., Li, Z. P.,
Wong, T. L., Fung, H. Y., and +DQ4%  
Comprehensive comparison of polysaccharides
from Ganoderma lucidum and G. sinense:
chemical, antitumor, immunomodulating and
gutmicrobiota modXODWRU\ SURSHUWLHV 6FLHQ
tific Reports.   12.
[6] 0RQFDOYR-05\YDUGHQ/  $QRPHQ
clatural study of the Ganodermataceae Donk.
Synopsis Fungorum. 11, 1114
[7] Pilotti, C. A., Sanderson, F. R., Aitken, E. A.,
DQG$UPVWURQJ:  0RUSKRORJLFDOYDULD
tion and host range of two Ganoderma species
from Papua New Guinea. Mycopathologia.
  265.
[8] Cao, Y., and Yuan, H. S. (2 Ganoderma mutabile sp. nov. from southwestern China based
RQPRUSKRORJLFDODQGPROHFXODUGDWD0\FRORJ
ical Progress.   126.
[9] 5\YDUGHQ/  6WXGLHVLQQHRWURSLFDOSRO
\SRUHVDSUHOLPLQDU\NH\WRQHRWURSLFDOVSH
cies of Ganoderma with a lDFFDWHSLOHXV0\FR
ORJLD  191.
[10] Papp, V., Dima, B., DQG :DVVHU 6 3  
What Is Ganoderma lucidum in the Molecular
Era?. Int. J. Med. Mushrooms.   
[11] &KDQ.  6RPHDVSHFWVRIWR[LFFRQWDP
inants in herbal medicines. Chemosphere.   
13611371.
[12] Singh, M., DQG$KXMD36  Isolation and
3&5DPSOLILFDWLRQRIJHQRPLF'1$IURPPDU
ket samples of dry tea. Plant Mol. Biol. Rep.
  178.
[13] Warude, D., Chavan, P., Joshi, K., DQG 3DW
ZDUGKDQ%  '1$ LVRODWLRQIURPIUHVK,
GU\SODQWVDPSOHVZLWKKLJKO\DFLGLFWLVVXHH[
tracts. Plant Mol. Biol. Rep.   467.
[14] Luo, L. Z., Lin, S. Q., Xie, B. G., and Lin, Z. B.
  '1$ ILQJHUSULQWLQJ DQDO\VLV RI
Ganoderma strains. Acta Edulis Fungi. 12, 713.
[15] Zheng, L. Y., Jia, D. H., Luo, X., and Yang, Z. R.
 $)/3 DQDO\VLV IRU JHQHWLF GLYHUVLW\ RI
Ganoderma. Zhongguo Zhong yao za zhi=
Zhongguo Zhongyao Zazhi, China Journal of
Chinese Materia Medica.   1736.

CONCLUSIONS
The result of this study has revealed that, ITS
sequencing can be used to identify G. lucidum VSH
cies and subspecies and that RAPD fingerprinting
can be used to distinguish isolates with the same ITS
sequences as well as G. lucidum obtained as a hybrid.
The nucleotide access numbers given in Table 1
show an extensible ITS database for Ganoderma
VSHFLHV LW FDQ EH EHQFKPDUNHG ZLWK WKH ,76 VH
quence of any isolate. In G. lucidum species, strains
showing less than 1.5% sequencHGLIIHUHQFHDUHK\
SRWKHWLFDOO\ XQLTXH>@EXWXOWLPDWHO\WKHSURPL
nence should be determined by interfertility studies.
The correct naming of most isolates still depends on
more taxonomic studies. Many practical results of
this work have emerged. For LQVWDQFH,76SK\ORJ
eny has shown that commercial Ganoderma strains
>DQGSRVVLEO\SKDUPDFHXWLFDOVWUDLQV@LQWKH(DVWEH
long to different species and are largely named in the
VFLHQWLILFOLWHUDWXUH5$3'GDWDLVRQHRIWKHUHPDUN
able data of this study and showed that the hybrid
isolates were not in a clonal line. In epidemiological
studies of crops infected by Ganoderma spp., it has
been suggested that the infection may be spread by
hyphal spread from tree to tree via roottoURRWFRQ
tact or via vegetation remnants [68]. While clonal
replication in one site can be traced with RAPD
markers, ITS sequencing will assist to identify the
SDWKRJHQ DQG GHWHUPLQH KRVW VSHFLILFLW\ DQG GLVWUL
bution of virulent Ganoderma species [67].
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product certification in this article refers specifically
to pollution-free product certification), the use rate
of green pesticides by farmers in realistic production
is still low [1,2]. Farmers are the main provider of
primary products, and the safety of production is
very important. Factors related to the green pesticide
choice behavior of farmers has also been a hot topic
in academia. Improving the use rate of green pesticides on farmers has exerted great effects reducing
agricultural non-point source pollution and ensuring
the quality and safety of agricultural products. Considering that there is no significant difference in the
methods of using of green and non-green pesticides,
this paper will focus on how to improve the use rate
of green pesticides by farmers from an economic
perspective.
Being responsible for primary production, the
farmer is the original factor that influences a products’ quality. Therefore, the research on farmers' behavior has always been a hot topic of scholars at
home and abroad. Subsidies and pesticide residue
examination of agricultural products were essential
factors affecting farmers' selection of safe pesticides
[3,4]. Pesticide information was also very important
for farmers to choose green pesticides. If the information is asymmetric, farmers may think that using
green pesticides cannot increase their income and
that they have greater risks [5]. Wang and Xu suggested that when market development was not perfect, information asymmetry was the reason why
farmers often over-used fertilizers and pesticides to
ensure a high yield [6].
The government's agricultural technology
training for farmers was an important channel for
farmers to obtain information regarding green pesticides and to learn to fully utilize this technology. Under the guidance of agricultural technicians, farmers
can understand and master not only green pesticide
information and knowledge to a substantial extent
but also the benefits of using green pesticides. Therefore, agricultural technical training could encourage
farmers to use green pesticides [5,7-9]. Additionally,
the tips on the labels of pesticide bottles and the pesticide poisoning experiences of farmers also affected
farmers' pesticide selection behavior [10].

ABSTRACT
This paper studied the impact of agricultural
subsidies and product certification on the use rate of
green pesticides based on experimental economics.
We found that agricultural subsidies effectively increased the utilization rate of green pesticides. If the
agricultural subsidies were raised from 20% to
100%, the green pesticide use rate increased by
440.51%. The increase of agricultural subsidies was
more effective than product certification. Under a
higher proportion of agricultural subsidies, farmers’
behavior maintained a “status bias”. Based on our
findings, we propose three suggestions. First, due to
the high price of green pesticides and lower production, the subsidies for agricultural materials should
be raised greatly to effectively improve the utilization rate of green pesticides. We recommend that
green pesticides be provided free of charge in
wealthy areas. Secondly, both subsidies and product
certification can improve the use rate of green pesticides. However, the effect of agricultural subsidies
is stronger than product certification, and farmers
may have a status bias. Therefore, we recommend
first giving priority to a substantial increase on the
proportion of agricultural subsidies, and then improving product certification.
KEYWORDS:
Green pesticides, Agricultural subsidies, Product certification, Laboratory experiment

INTRODUCTION
Featuring low toxicity, low residues, and environmentally friendly properties, green pesticides are
effective substitutes for non-green pesticides. Although there are relevant policies released by government departments to guide farmers to purchase and
use green pesticides (China's agricultural product
certification system includes three categories: pollution-free agricultural products, green agricultural
products, and organic agricultural products. The
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Pollution-free certification, green certification,
and organic certification are included in China's primary product certification system. Among them,
non-polluting certification is the fundamental level.
Products that are not certified will be classified as
ordinary agricultural products. Ren and Xue determined that farmers were more willing to use nonpolluting pesticides only when the income was significantly higher than that of pollution-free pesticides [11]. Li and Zhang examined the impact of pollution-free agricultural product certification on farmers' production efficiency and the utilization of pesticides and fertilizers, showing that the production
efficiency of pollution-free agricultural products was
significant, while the pesticide usage was not significantly different from that of ordinary agricultural
products [12]. However, most domestic scholars believe that the individual and family characteristics of
farmers significantly influenced their pesticide use
behavior [13,14].
As the data of income, cost, and other information was typically recorded in a booklet, and the
production behavior data was often vague and untraceable, it was difficult to gain farmers’ behavior
data from a questionnaire. In the absence of natural
behavioral data, relevant behavioral data was obtained in the simulation of realistic production scenarios with experimental economic research methods [15]. Therefore, the experimental economics research method, which is a major source of
knowledge in the social sciences, has gradually been
introduced into policy design and evaluation in recent years [16].
In terms of public goods, Yao et al. tested the
validity of credit supervision mechanisms from the
user's perspective to regulate the abuse of bike sharing by simulating the use scenario of BSS (bike-sharing system) in real life in a lab experiment based on
induced value theory [17]. Kaiser et al. used a dictator game and a social dilemma game to capture the
essential features of the public goods game, especially the effect of punishment on the supply of public goods [18]. In terms of capital markets, Neumann
et al. used experimental economics to study income
distribution [19]. Markowska-3U]\E\áDDQG5DPVH\
considered social capital in relation to trust, trustworthiness, and, in particular, cooperation, as well as
taking into account the attitudes regarding legal
norms (law-abidingness), and presented the results
of their research on spatial variation in social capital
[20]. In terms of information, Piwowarski et al. proposed the application of their own vector to measure
construction methods for the evaluation of sustainable development progress [21]. Comeig et al., based
on experimental economics research, concluded that
significantly more women are willing to compete
against a set target than against others [22]. Jones

studied landowners’ potential conservation decisions under certified-product (CP)-42 and the resulting impact on land use decisions regarding crop production by designing an economic experiment that
simulated landowners' decisions to enroll in CP-42
[23]. In terms of games, Sorensen studied the selection of game strategies at different initial endowments [24]. Regarding market transactions, Proeger
et al. studied tradable development rights (TDR)
based on experimental economics and discussed the
results from five distinct experiments that considered
mechanisms of allocation, resilience against external
shocks, political business cycles, communication
and collusion, and risk [25].
In the field of agriculture, many scholars have
done extensive experiments on agricultural nonpoint source pollution. Spraggon was the first to introduce the experimental research on non-point
source pollution controlling policies based on collective performance, in whose study four exogenous
policy instruments were tested, included tax/subsidy,
tax, subsidy, and collective fines [26]. Since then, a
few scholars in this field have emerged who used laboratory experiments to conduct frequent research.
In contrast, China's policy research on nonpoint source pollution controlling was very scarce,
and relevant experimental research results have not
been officially published. By combing the literature,
we found that foreign research mainly focused on
two aspects, the first was the experimental test of
various collective incentive tools, which occupied a
large proportion, and the second was the experimental evaluation of the auction mechanism. The
former mainly relied on group performance [27-31],
including ambient tax, ambient subsidies, collective
fines, voluntary-threat approaches, and informal
mechanisms, such as peer punishment. The latter
mainly concerned motivated individuals [32-35].
Chinese scholars have also made relevant explorations in the field of agriculture. Wang et al.,
Zhao et al., Shen et al., and Bai et al. used experimental economic methods, quantified the risk characteristics of farmers with the MPL(multiple price
list) method [36-39]. Ying and Zhu employed participatory research methods and experimental economics methods to analyze the impact of agricultural
technology training methods on farmers' chemical
input behaviors and their mechanisms through designing different agricultural technology training
field experiments [40]. Chen and others carried out a
series of laboratory experiments to analyze farmers'
choice of environmentally friendly agricultural materials [41], and food safety traceability information
transmission behavior [42].
From the perspective of research content, the
existing studies mainly focused on the impact of subsidies, product certification, information factors, and
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farmers' characteristics on the farmers' pesticide selection behavior. According to research methods,
many scholars have more fruitful research results on
experimental economics, yet domestic scholars have
very few experimental studies in agriculture. Most
domestic scholars obtained the data of farmer behavior research based on questionnaires to “statically”
study the impact of certain factors or multiple factors
on the usage of green pesticides by farmers. However, farmers will experience a series of processes
before using green pesticides. These include subjective cognition, norm-perceived behavioral control,
behavioral intention, and taking intention.
Farmers' behavior is affected by both subjective
and objective factors, and repeated iterations are inevitable before their final decisions. The questionnaires and statistics usually used in research cannot
reveal the “complex” and “repetitive” dynamic process of farmers' decision making, and thus cannot reflect the above dynamic process. It is difficult to incorporate the objective and subjective factors to find
the impact on farmers' green pesticide usage.
The experimental economics theories and
methods employed in this article can solve the above
problems well. In the experimental environment, an
experimental group with differentiated agricultural
subsidies and product certifications was constructed,
which superiorly controlled the interference of unrelated variables in the research. The data of farmers'
behavior process can be obtained through the “static
repeat” experiment. Then a full investigation of the
impact of agricultural subsidies and product certification on farmers' green pesticide use rate and decision-making process can be completed.
The remainder of this paper is arranged as follows. In the second part, we put forward the theoretical hypothesis, and the experimental design is proposed in the third part. In the fourth part, we analyze
the behavioral process and the results of the subjects.
The empirical test of the correlation between the individual characteristics of the subjects and the use
rate of green pesticides are conducted in the fourth
part, then we summarize the experimental conclusions and recommendations in the final part.

closely related to the production process of farmers.
The price of green pesticides is much higher than
that of non-green pesticides. Thinking of the future,
where the income of production is unpredictable,
farmers are more likely to choose low-cost nongreen pesticides in order to reduce costs. If green
pesticides have a subsidy, the initial input cost of the
farmers will be reduced, which compensates farmers
for the “contingent loss” caused by the uncertainty in
the future production. Therefore, if the appropriate
price subsidy is provided for farmers who apply
green pesticides, this will contribute to increasing
farmers' willingness to use green pesticides. Based
on the above analysis, hypothesis 1 was proposed.
Hypothesis 1: Agricultural subsidies can promote the use of green pesticides by farmers, and the
greater the number of subsidies, the higher the use
rate of green pesticides.
(2) Market value hypothesis. Primary products that used green pesticides are lower in toxicity
and residue and are more likely to pass product certification. Accordingly, the market value of certified
primary products is also higher. However, the realization of the market value of certified primary products is uncertain. In the case of incomplete market
conditions, such as an imperfect quality inspection
system for agricultural products with asymmetric information between buyers and sellers of agricultural
products, it may require more transaction costs for
farmers to realize the “green” addition value of their
certified agricultural products. Therefore, the additional value of the certified agricultural products
may not be realized, which causes the certified agricultural products to amount to the same as the general agricultural products. Thus, the phenomenon
that “the bad coins expel the good money in the
lemon market” will appear.
Under such circumstances, farmers are not motivated to apply green pesticides [43]. From the
farmer's point of view, product certification is an effective means to achieve market value of the agricultural products, which may result in more product
sales revenue. The agricultural product certification
system does not require farmers to pay the certification fee, and the system is completely exogenous to
the farmers. Therefore, in order to avoid the moral
hazard of farmers, the experiment assumes that primary products produced by farmers will be tested by
professionals, and the products produced that use
non-green pesticides will not pass the product certification. The certification result of agricultural products is essentially a signal to release the quality of
products to consumers. Consumers are willing to pay
higher prices for higher quality agricultural products
than ordinary agricultural products. Therefore, hypothesis 2 was proposed.

RESEARCH HYPOTHESIS
Driven by economic interests, farmers' decisions are productive investment choices that depend
on the resources they own and the surrounding objective environment. Economic factors also influence a farmers' choice of pesticides, including the
price of production materials (pesticide costs) and
the realization of the market value.
(1) Materials price hypothesis. As one of the
basic elements of agricultural production, pesticides
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Hypothesis 2: Product certification is conducive to improving the use rate of green pesticides by
farmers.

Experimental Design. In realistic production,
the price of green pesticides is about three times that
of non-green pesticides, and using green pesticides
will generate positive externalities for ecological
environment improvements. Green pesticide
products can also obtain certification to increase the
revenue. The experiment was designed based on the
above common background.
In terms of agricultural subsidies, the current
subsidies for pesticides are mainly purchase subsidies for green pesticides. The purchase cost of green
pesticides is higher than that of non-green pesticides,
the input of farmers' own funds will reduce if subsidies are provided, which can offset the cost difference between the two pesticides. Therefore, farmers
may increase their use rate of green pesticides.
In terms of certification, some areas have acquired pollution-free food certification as pollutionfree production bases. However, most products still
belong to ordinary agricultural products. Agricultural product certification conveys product quality
information to the market and consumers. Consumers are willing to pay higher prices for higher quality
agricultural products than ordinary agricultural products. The product certification involved in the experiment refers only to pollution-free product certification.
The agricultural subsidies and product certifications are the basis of the experimental grouping
and groups involved in this paper showed in Table 1.

MATERIALS AND METHODS
Research Method of Experiment Economics.
Laboratory experiments usually require abstraction
and simplification, and the key to verify the
effectiveness of an experiment is to extract the
"typical characteristics" of the research object [44],
that is, to maintain the essential consistency. As the
main body of production, farmers usually invest in
production with the goal of maximizing income.
Experimental economics is based on the theory of
value induction, and the experiment is mainly
composed of two parts: the experimenter (the person
who organizes the experiment) and the subject (the
person who participated in the experiment). The
experimenter designs a reasonable experimental
incentive mechanism so that the participants actively
and truly participate in the decision-making process.
In this laboratory experiment, 60 students from
Beijing Forestry University were recruited as subjects. The effective incentives for these subjects were
better suited to the farmers' production expectations.
At the same time, the students had a strong learning
ability and avoided unforced errors. We used the Ztree and Z-leaf software developed by the University
of Zurich [45] to simulate different scenarios in
grower production experiments. The overall operation process is presented in Figure 1.

Server Program
Ztree

Parameters result

Client Program
Zleaf

Subjectsÿinput

Subject PC

Experimenter PC

Client Program
Zleaf

Subject PC
File Server

FIGURE 1
Client-server architecture of Z-Tree.
TABLE 1
Group setting of the experiment.

Certification

g
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Under different experimental groups, the size
relationship of the unit revenue of farmers using
green pesticides is D > B > C > A, and the unit revenue of farmers using non-green pesticides is similar
among different groups, except for group D, in
which case the production yield of farmers using
green pesticides is higher than that of using nongreen pesticides.
In this experiment, 60 subjects were divided
into four groups randomly, and each group conducted 30 periods of experiments. Here, a "period"
refers to one decision of the green pesticide investment. This means that the subjects in each group
made 30 repeated decisions to select the amount of
green pesticide use under the preset conditions. The
four groups constitute four experimental bureaus,
and the total time of each experimental bureau was
about 1 hour.
In each experimental bureau, each subject acted
as a vegetable producer with 10 units (mu) of vegetables. These vegetables were at a high incidence of
pests and diseases, thus pesticides needed to be
sprayed for controlling the pest. The existing pesticides could be separated into two categories, namely,
green pesticides and non-green pesticides, and the

purchase cost and the application effects were different. The price of green pesticides was three times
that of non-green pesticides, and the effect of green
pesticide application led to an unstable yield, which
means the average value was only 80% of the nongreen pesticide production. The specific parameter
settings are shown in Table 2.
The basic process of the experiment followed
six steps.
1) Filling out the questionnaire. Before starting
the experiment, the subjects were required to complete relevant questionnaires, including the understanding of experimental economics, green pesticides, pest and disease prevention and control, and
farmers' considerations of production, as well as a
risk measurement table.
2) Reading the experimental instructions and
rules. The experimenter read the instructions and
rules aloud and answered the questions of the subjects.
3) Problem testing. After reading the experimental rules, the subjects entered the problem testing
session. The subjects needed to answer 2–3 questions about the experiment constructions; they could
enter the experimental session only after all the answers were correct.

TABLE 2
Revenue formula and parameter settings.
Revenue in each period=Residual funds after purchasing pesticides + Sales income + Public environmental
benefits + Subsidy
income
ଵହ
Zij=400-XijP1ˉYijP2+0.1  X୧୨ +P4Q1Xij+P3Q2Yij+XijP1N%
Residual funds after
purchasing pesticides
400-XijP1ˉYijP2
0İXijİ10˗0İYij
İ10
Xij+ Yij=10˗
P1=30˗P2=10˗
400: initial funds in
each period (experimental currency)
Xij (mu): green pesticide input
Yij (mu): non-green
pesticide input
P1 (yuan/mu): the
price of green pesticide
P2 (yuan/mu): the
price of non-green
pesticide

ୀଵ

Sales income

Public environmental benefits

Subsidy income

P4Q1Xij+ P3Q2Yij
Q1=240˗Q2=300˗
P3=0.5˗
P4=0.5:AC groups˗
P4=0.625:BD groups

0.1  X୧୨

XijP1N%

All the groups

N=20(AB groups˅
N=100(CD groups˅

Since the environmental benefits
are implicit benefits and cannot
be realized immediately, the coefficient values are small.

N: The subsidy range,
which is arranged by
the price of green pesticides.

Q1 (kg/mu): the yield
of vegetable that use
green pesticide;
Q2 (kg/mu): the yield
of vegetable that nongreen pesticide;
P3 (yuan/kg): the price
of vegetable without
certification;
P4 (yuan/kg): the price
of vegetable price with
certification

Note 1: i means different farmers, j means different periods. Note 2: The parameters based on the survey data of farmers in a
vegetable production area in a certain city of Shandong Province, which reduces 10 times the survey data and simplifies the
actual production situation of farmers. Subjects only have various parameter information during the experiment, and the specific income formula is unknown. The income is composed of four parts.

3914

© by PSP

Volume 30– No. 04/2021 pages 3910-3923

Fresenius Environmental Bulletin

cash for subjects based on the pre-agreed income distribution plan. Meanwhile keeping the cash distribution plan confidential was necessary during the issuance process, and the cash distribution was linked to
the behaviors of the subjects. After each bureau of
experiments, the staff cleaned the experimental site
and prepared the materials needed for the next bureau of experiments, waiting for the subjects to enter
the area, repeating the steps of the previous bureau
of experiments.

RESULTS AND DISCUSSION
First, we sorted out the overall structure, as
shown in Figure 2. The average utilization rates of
green pesticides in each group of farmers were:
Group D (high agricultural subsidies and product
certification) > Group C (high agricultural subsidies
and no certification) > Group B (low agricultural
subsidies and product certification) > Group A (low
agricultural subsidies and no product certification).
While the relationship between the benefits of using
green pesticides was: D > B > C > A, the trend of
green pesticide use was not the same as the income
trend: Group B and Group C had an inconsistency.
The possible explanation is that when the proportion
of agricultural subsidies is high, the production behavior of farmers has a “status bias”. Even if the benefits of using green pesticides are not as good as
those of non-green pesticides, farmers still maintain
a high green level of pesticide use rate in the later
stages of the experiment.
Analysis of the Impact of Agricultural
Subsidy on the Utilization Rate of Farmers'
Green Pesticides. In the experiment, Group A and
Group C were the non-certified low-subsidy
experimental group and the non-certified highsubsidy experimental group, respectively. The
process data of the decision-making of the
participants is shown in Table 3.
As can be seen from Figure 2, the use rate of
green pesticides by farmers showed a decreasing
trend with the increase of experiment periods. In the
study, the 30 rounds of decision-making were divided into a before and after for a comparative analysis. In the previous 15 periods of experiments, the
use rate of green pesticides by farmers was significantly higher than the latter 15 periods. In the group
of no product certification, when the agricultural
subsidy ratio was only 20%, the green pesticide use
rate of the farmers in the latter 15 periods was
82.98% lower than the previous 15 periods. While
the agriculture subsidy reached 100%, the green pesticide use rate of the farmers in the latter 15 periods
was 45.83% lower than the previous 15 periods. This

FIGURE 2
Comparison of the four groups.
4) Pre-experiment. Before starting the formal
experiment, the subjects needed to conduct two periods of test experiments to familiarize themselves
with the specific operating environment of the experiment.
5) Formal experiment. After the test experiments, the formal experiment began, lasting 30 periods; the subjects made decisions in each period, and
each period of decision-making was independent.
6) Income settlement. After the formal experiment was completed, the experimenters distributed
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TABLE 3
The impact of agricultural subsidies on the use rate of green pesticides.
High subsidy
Group
Participants
Index
Low subsidy (20%)
(100%)
No certification
15
Green pesticide use rate
9.93%
22.2%
Certification
15
Green pesticide use rate
18.02%
97.4%
phenomenon was mainly caused by the fact that
when the farmers knew that green pesticides would
decrease their planting income, their production behavior changed significantly, and their investment in
green pesticides showed a downward trend. Compared with the low agricultural subsidy ratio, the differences of farmers using green pesticides between
the previous and latter 15 periods of experiments
were not obvious under the higher ratio of agricultural subsidy. That is, the farmers still maintained a
certain amount of green pesticides. It can also be
seen from Figure 3 that the green pesticide use rate
of the farmer in the experiment changed with the experiment period, showing the situation of high investment in the early stage and low investment in the
latter. Most farmers used green pesticides in the
early stage of the experiment, and only a few farmers
kept low input or even zero input.
According to Table 3, when there are only subsidies for agricultural materials, the green pesticide
use rate of farmers was only 9.93% with 20% agricultural subsidies. When the subsidy proportion increased to 100%, the use rate of green pesticides increased to 22.2%, increasing by 123.56% compared
with the lower agricultural subsidies. When the
farmers were able to obtain product certification, the
green pesticide utilization rate under the low agricultural subsidy rate of 20% was 18.02%. When the agricultural subsidy proportion increased to 100%, the
use rate of green pesticides by farmers increased significantly to 97.4%, increasing by 440.51% more
than the lower agricultural subsidies. Whether there
was a policy tool for product certification, raising agricultural subsidies could keep improving the use
rate of green pesticides, and the effect of improvement was more significant than certification.

Increase
123.56%
440.51%

Farmers had only a significant increase in the
use rate of green pesticides when they had product
certification and high subsidies (Group D). This phenomenon was caused mainly by the fact that the existing incentives (ABC group) were still insufficient
to farmers, thus the final income of farmers who uses
green pesticides were lower. As consequence, farmers eventually gradually reduced the use of green
pesticides in consideration of their income.

In order to analyze the influence of different
agricultural subsidies on farmers’ behavior accurately, this paper used two independent sample test
methods with nonparametric methods. The Mann–
Whitney U test method was used to test the experimental results of the two groups. The non- parametric test results were more accurate in the case
where the overall characteristics of the sample
were unknown. The test results are shown in Table
4.
From Table 4, we concluded that, in the absence of product certification as a policy tool, there
was a significant difference between the farmer’s
green pesticide use rate under the high agricultural
subsidy ratio group and the low agricultural subsidy
group. When there was product certification, there
was also a significant difference between a farmer’s
green pesticide use rate between the high agricultural
subsidy ratio group and the low agricultural subsidy
group. For both the product certification-free or
product-certified group, the high-agricultural subsidy group farmers' green pesticide use rate was still
significantly higher than the low-subsidy group.
Compared with the low proportion of agricultural
subsidies, there was a significant difference in the
use rate of green pesticides among farmers under the
high agricultural subsidy. Therefore, hypothesis 1
was confirmed.

TABLE 4
Mann–Whitney U test for different agricultural subsidy quotas.
Group

Participants

No certification

15

Certification

15

Index
Green
pesticide
use rate
Green
pesticide
use rate

Low subsidy

High subsidy

P-value

Mean

SD

Mean

SD

9.93%

2.26

22.2%

2.83

P<0.001

18.02%

2.54

97.4%

1.08

P<0.001
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FIGURE 3
Specific decisions of Group D.
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Analysis of the Impact of Product
Certification on Farmers' Green Pesticides
Utilization Rate. It can be seen from Figure 2 that
when the proportion of agricultural subsidy is 20%,
the use rate of green pesticides by farmers still
decreased with the increase of experimental periods.
The use rate of green pesticides by farmers was still
stratified throughout the experiment. The input level
of green pesticides by farmers in the first 15 periods
was significantly higher than the last 15 periods.
When the proportion of agricultural subsidies
increased to 100%, the use rate of green pesticides
increased significantly.
When the proportion of agricultural subsidies
was 20%, the green pesticide utilization rate of farmers without product certification was only 9.93%,
less than 10%. When there was product certification
as a policy tool, the green pesticide utilization rate of
farmers raised to 18.02%. Compared with the no
product certification group, this increased by
81.47%. When the agricultural subsidy ratio as
100%, the green pesticide utilization rate of the nonproduct certification group was 22.2%, and the green

pesticide utilization rate of the product certification
group was 97.4%, an increase of 338.74%. The results are shown in Table 5 .
Although the benefits of green pesticide production are higher than non-green pesticides in the
case of high agricultural subsidies and product certification (Group D), it can be seen from Figure 4 that
farmers did not consistently use green pesticides.
Most farmers who used green pesticides showed a
high input—low input—high input (stable) process,
which may be explained by the fact that farmers had
constant attempts regarding the benefits of green
pesticides. When farmers knew the green pesticide’s
production income was higher by constantly testing,
it maintained a stable high input state, and the utilization rate was as high as 97.4%.
In order to accurately find the difference of the
green pesticide input levels of each group, the
Mann–Whitney U test, using two independent samples, was used to test and analyze the differences in
the use rate of green pesticides among farmers under
different product certifications. The results are
shown in Table 6 .

TABLE 5
The impact of agricultural subsidies on the use rate of green pesticides.
Group

Participants

Index

No certification

Certification

Increase

Low subsidy

15

Green pesticide use rate

9.93%

18.02%

81.47%

High subsidy

15

Green pesticide use rate

22.2%

97.4%

338.74%

TABLE 6
Product certification index Kruskal–Wallis H non-parametric test.
Group

Participants

Indicator

Low subsidy
High subsidy

15
15

Green pesticide use rate
Green pesticide use rate

No certification
Mean
SD
9.93%
22.2%

2.26
2.83

Certification
Mean
SD
18.02%
97.4%

2.54
1.08

P-value
P<0.001
P<0.001

TABLE 7
Variable descriptions.
Variable Classification

Variable

Variable Meaning

Dependent variable

Input
Average-Input

Green pesticide input
Average value of green pesticide uses per participant

Independent variable

Subsidy
Certification

Virtual variable, low subsidy group is 0, high subsidy group is 1
Virtual variable, no authentication group is 0, authentication group is 1

Gender
Age
Experimental
Region

Subject's gender
Subject's age
Subjects' understanding of experimental economics
Subjects' understanding of the countryside
Subjects' understanding of the prevention and control of pests and diseases in vegetable cultivation
Subjects' understanding of green pesticides
Subjects' responsibility awareness and environmental awareness
Willingness to use green pesticides under high cost
Subjects' understanding of certified products
Risk type of subject

Control variable

Diseases-pests (DP)
Green-pesticide (GP)
Necessity (Necessity)
Willing
Certified-product (CP)
Risk-characteristics (RC)
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FIGURE 4
Specific decisions of Group D.
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Constant
Subsidy
Certification
Gender
Age
Experiment
Region
DP
GP
Necessity
Willing
CP
RC
R2
Sample
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Mean
0.233
22.083
1.600
0.317
1.383
1.400
0.967
0.783
0.817
1.167

SD
0.427
2.181
0.924
0.469
0.761
0.694
0.181
0.783
0.965
0.717
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TABLE 8
Regression results.
Min
Max
Skewness
0.000
1.000
1.294
18.000
27.000
0.245
0.000
4.000
0.809
0.000
1.000
0.229
0.000
3.000
0.410
0.000
3.000
0.214
0.000
1.000
-5.334
0.000
2.000
0.406
0.000
3.000
1.084
0.000
2.000
-0.259
0.639
60

From the test results in Table 6, regardless of
the proportion of agricultural subsidies, the product
certification had a significant impact on the increase
in the use rate of farmers' green pesticides. When the
proportion of agricultural subsidies was low, product
certification could increase the utilization rate of
green pesticides by 81.47%. The use rate of green
pesticides by farmers in the product certification
group was significantly different from that of no certification. When the proportion of agricultural subsidies was high, product certification could increase
the use rate of green pesticides by 338.74%, and
there was a significant difference in the use rate of
green pesticides between the two groups of farmers.
Therefore, hypothesis 2 was confirmed.

Kurtosis
-0.339
-0.795
-1.394
-0.315
-0.042
-0.027
27.360
-1.247
0.268
-0.992

Coef
-0.308
3.516
1.869
0.004
-0.079
0.909
0.274
0.261
0.749
-0.931
0.073
0.336
0.002

t-value
-0.08
5.35
4.7
0.01
-0.49
1.28
0.75
0.57
1.55
-0.54
0.16
1.03
-0.08

questionnaire, the overall understanding of experimental economics was between not well understood
and understood. Some people had awareness but not
familiarity, and only one person knew it well, accounting for 1.67%. Moreover, the participants' understanding of pest control and green pesticides in
vegetable production was not high, and a small number of participants better understood these concepts.
Most of the subjects were fully aware of the various
hazards brought about by the production of chemical
pesticides. After understanding the advantages of
green pesticides, 96.67% of the participants believed
that green pesticides should be used. When it came
to the high cost of green pesticides, the attitude towards the selection of green pesticides changed significantly. There, 43.33% participants clearly indicated that they would not use green pesticides, and
21.67% participants indicated that they would still
use green pesticides. The rest said they were not sure
how they would choose. Among the mentioned certification products, most of the participants were relatively unfamiliar and less aware. From the perspective of the risk appetite type, the risk-neutral subjects
accounted for 43.33%, and the risk-avoiding and
risk-seeking subjects accounted for 18.33% and
35%, respectively.
We constructed the model from the overall
level and selected the average value of 30 periods of
green pesticide input in each experimental station.
The subsidy and product certification were binary
discrete variables, and multivariate discrete variables were explanatory variables, such as gender, age,
understanding of experimental economics, source of
birth, understanding of pests and diseases, understanding of green pesticides, necessity of using green
pesticides, willingness to use green pesticides at high
cost, understanding of product certification, and risk

Analysis of the influence of the
characteristics of the subjects on their behavior.
Before starting the experiment, the participants
needed to fill out a questionnaire about experimental
economics, green pesticides, pest and disease
prevention and control, and farmers' production
considerations, as well as an improved risk test based
on Holt and Laury’s measurement questions.
Descriptive analysis and empirical testing were
conducted for the acquired data. In this experiment,
60 participants participated in the experiment, and
four experimental bureaus were completed. Each
experimental bureau was 30 periods; therefore, 60
data on the individual characteristics of the subjects
were obtained. The variables selected are shown in
Table 7 .
According to Table 8, most of the participants
in this experiment were women, accounting for
76.7%, aged between 18 and 27 years old with an
average age of 22.08 years, and rural students accounting for 31.67%. According to the results of the
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type as control variables. The model was constructed
as follows.
$YHUDJH,QSXW &ȕ6VXEVLG\ȕ&HUWLILFD
WLRQȕ*HQGHUȕ$JHȕ([SHUL
PHQWȕȕ'3ȕ*3ȕ1HFHVVLW\ȕ:LOO
LQJȕ&3ȕ53
From the regression results, the green pesticide
purchase subsidies and product certifications were
both significant at the significance level of 1%, and
the coefficients were positive, indicating that agricultural subsidies and product certifications positively promoted the use of green pesticides. Moreover, the coefficient of the agricultural subsidy as
larger, indicating that the agricultural subsidy was
more effective than the product certification for the
increase of the green pesticide use rate of farmers,
which is consistent with the analysis results of the
previous nonparametric test.

achieve sustainable development. Based on the research results, we put forward four suggestions for
the use of green pesticides by farmers.
First, the primary consideration in the formulation of green pesticide promotion policies was still
the farmers' income. Farmers’ income is an important prerequisite for farmers' behavior change. As
the price of green pesticides is higher than the price
of non-green pesticides, and the production will be
reduced to a certain extent, the agricultural subsidies
should increase greatly to effectively improve the
utilization rate of green pesticides.
We recommend that local governments should
provide green pesticides free of charge in areas
where conditions permit. Although agricultural subsidies and product certification can improve the use
rate of green pesticides, it is recommended to give
priority to increasing the proportion of agricultural
subsidies, then promoting product certification, as
the effect of agricultural subsidies was shown to be
superior to product certification, and farmers have a
situation bias. In subsequent laboratory experiments,
we can recommend students as suitable for experimental subjects, and the individual characteristics of
the students had no significant effect on the experimental results.

CONCLUSION
The study focused on the effects of agricultural
subsidies, product certification, and personal characteristics on farmers' use of green pesticides. The following conclusions were obtained through experimental economics in the paper:
(1) Increasing agricultural subsidies improved
farmers' use of green pesticides. Compared with
toxic pesticides, farmers preferred to use green pesticides while being guaranteed the same benefits.
The existence of agricultural subsidies reduced the
use of non-green pesticides, especially in the case of
high subsidies, which greatly increased farmers' use
of green pesticides.
(2) Product certification had a positive impact
on farmers' use of green pesticides. The price of certified agricultural products was higher, and farmers
could obtain more income with the same output,
which could offset the cost of green pesticide use to
an extent.
(3) The experimental results were not affected
by the characteristics of the subjects. This is inconsistent with the findings of previous research
[13,14]. There may be two reasons for this. On the
one hand, the experimental subjects we selected
were mainly students, while other scholars directly
targeted farmers as research subjects. Students and
farmers differ in their knowledge of pesticides and
market information. On the other hand, we conducted our research based on the method of experimental economics, and other scholars used traditional questionnaire survey methods to conduct their
research.
Studying the influencing factors of the use rate
of green pesticides by farmers is helpful to raise the
environmental awareness of farmers, and it is also
helpful to guide farmers to use green pesticides to
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in many historic quarters all over the world, which
led to myriad impacts on cities in the long run. The
irreversible destruction of human and spiritual values [4], accompanied with the growing environmental awareness under dramatic changes has led to the
feelings of “uncertainty” and “a lost world” and
raised a number of resistances of demolition [2].
The field of material fabric based conservation—
that is architectural preservation—has been criticized to have isolated historic buildings in a museum-like quality without considering the needs of
locals, thus devaluing the significance of location
and economic potentials. In addition, together with
the process of rapid modernization and global homogenization in many cities, the city image and
urban experience are becoming increasingly similar
from city to city which might leads to a “less attractive” urban experience [5]. Furthermore, the voices
appealing for cultural continuity, diversity, and identity have never been louder. As urban conservation
is increasingly influenced by other urban categories,
scholars argue that conservation should be an integral part of urban planning[6-9]. As such, urban
conservation has been increasingly involved into the
domain of modern urban planning since late 1960s
[2].
With the economic restructuring and industrial
relocation on a worldwide scale, many historic quarters have lost their original functions and decayed
over time [9-11]. The economic restructuring process has transformed historic quarters from functional “self-sufficient” ones to those largely dependent on the economic dynamism of the city, which
urges the exigency of economic revitalization in
historic quarters [9]. Globalization and an increasingly internationalized economy have spurred transnational cooperation and competition between citie
[12]. In many cities, historic areas are searching for
new functions and activities to revive the dynamic
economy and are “repositioning themselves into the
global economy” under a widely adopted marketing
process of a heritage-led “place marketing” [13]. In
this sense, historic quarters become part of the economic dynamics of the city [9, 14] ,

ABSTRACT
Urban conservation has become increasingly
important for cities. Especially in cities under rapid
development urban heritage conservation has now
been frequently used as an urban tool to revive the
decayed urban areas under various contexts. Under
these transitional social and economic contexts,
recent decades have witnessed the evolving values
of heritage, the shifting paradigms of urban conservation doctrines, and the emerging appeals for sustainable development. This paper reveals the everincreasing relevance of urban conservation to urban
development and examines the evolution of the
doctrine of heritage conservation with a perspective
of changing development contexts worldwide; and
with contextualizing heritage conservation in Chinese cities, this paper addresses the research potentials of sustainable development, especially in the
dimension of social sustainability as new avenue
for an integrated urban conservation approach.
KEYWORDS:
Urban conservation, Urban development, Sustainable
development, Heritage, Integrated approach

INTRODUCTION
Urban conservation has now been used as an
urban tool not only to help a city retain its historic
and cultural qualities—in terms of symbolism imagery, and aesthetic value—but also to assure a city
the continuity of (1) urban fabric, patterns and structure; (2) traditional technology and material and the
connections of memories; and (3) feelings of shared
identity among the people, all of which in turn will
improve the quality of life in a city [1-3]. Nowadays
urban conservation has become progressively more
important for cities, particularly for cities experiencing rapid development and change.
The “bulldozer” mode of mass demolition and
mass construction has been recurrently implemented

3924

© by PSP

Volume 30– No. 04/2021 pages 3924-3934

Fresenius Environmental Bulletin

FIGURE 1
Heritage conservation and urban development
and heritage has been largely commodified [2]. Accordingly, urban conservation has evolved from a
regulation-based technical planning tool of preserving cultural and historical values to a policy led urban tool for boosting economic growth and urban
development [3, 14].For instance, tourism [1,6],
housing [2,9], and the cultural industries[15-17], are
popular initiatives that align with the latter motive.
Given the ever-increasing relevance to urban development, urban conservation has become one of the
core issues in urban planning to manage urban development.
As urban development, understandably, is a
complicated process, urban conservation has been
consistently intertwined with shifting urban contexts
and many other driving forces, hence being an everevolving doctrine with continuous methodological
adaptations to reconcile the emerging conflicts and
the rising agendas(Fig .1). Ever since late 1970s and
1980s, the cultural pluralism and diversity based on
postmodern perspective which criticized the economic and social consequences of urban conservation practices such as gentrification led social replacement have given rise to new agendas for urban
conservation to reconcile such as loss of community
identity and collective memories [18,19,20], continuity and frequency [2,3], everyday life heritage
[21], affordability and social diversity [22], etc.
In response to the changing social economic
situations worldwide, there urged a call for urban
conservation to adopt a sustainable perspective, as
stated by UNESCO [3] “As the future of humanity

hinges on the effective planning and management of
resources, conservation has become a strategy to
achieve a balance between urban growth and quality
of life on a sustainable basis.”In particular, the rapid
process of urbanization in China during the last
twenty years has especially urged the conservation
practice to cope with the challenges in new agenda
with integrated approaches.
MATERIALS AND METHODS
Literature reference method: through a large
number of literature readings, comparative analysis
of relevant projects and theoretical developments at
home and abroad, forming a theoretical basis.
Field survey method: on the basis of relevant
theories, conduct field surveys, collect data, and
form reference materials for evaluating relevant
data.
The combination of qualitative and quantitative
methods: The indicators and model processing in
this paper adopt quantitative methods as much as
possible. The theoretical research and some indicators that cannot be quantified are defined by qualitative methods, and the quantitative results are qualitatively analyzed.
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The Rise of “Area-based Conservation
planning” and the struggles to balance conservation and development (1940s-1960s). During the
after-war clearance and rebuilding period from
1940s and 1970s, property developers adopted
modern architecture and planning methods, such us
in the British Newtown Movement [26]. The reconstruction planning and slum clearance policy together with the subsequent road building schemes
in postwar decades dramatically changed the social,
cultural and built environment, which lead to many
consequences such as a hasty gap between past and
present in many cities and a growing opposition of
the demolition policy [2,26]. The period witnessed
the introduction of a area-based ‘comprehensive
conservation system’ through which the roles of the
government has transformed from “a bystander” to
“a provider and implementer” [2].
After two World Wars, strengthened by the
growing awareness of preservation in the public
sector, such as the 1967 Civic Amenity movement
in UK, second major phase of legislation emerged.
This extended the scope of conservation from individual historical preservation practices to public
movement [27], and encouraged innovative ideas
[8], a few examples are: the idea of the ‘protected
perimeters’ and the protection of ‘the groups of
buildings’ in France, and ‘the conservation of the
entire areas’ in UK [10], which embarked on ‘an
important shift in emphasis away from preservation
the individual historical buildings towards the conservation of coherent areas of townscapes’ [27].
Accordingly, during this period, the principle toward
historic remains shifted from rigid obedience to the
past towards embracing both the old and the new, as
it has been stated in Geddes’ Cities in Evolution and
Gullen’s coherent townscape [28,29].
Based on the above contexts, during this period, most European countries witnessed the significant emergence of ‘area—based’ conservation
movements, including the conservation of township
and street patterns. Tiesdell et al.[9] identifies the
stage of area-based conservation as the second wave
of conservation.
The approach of designation was employed to
identify conservation areas. Nevertheless, it is usually questioned because it was solely based on ‘special
architecture or historic interest’ [30], and because
the value judgment of designation was largely limited to architectural and historic sectors, hence ignoring the social and economic factors. Furthermore, in terms of the designation method, it is also
criticized for being preservation based and for highly relying on technical planning mechanisms, such
as land use zoning and transportation. For instance,
the strict development control in conservation area
restricted the functions, uses and everyday life of
some ordinary buildings within the preservation
zone, which not only caused serious economic and
social problems such as livelihood loss, but also

The evolution of urban conservation doctrine (1800 s-2000 s). The Emergence of modern
“Architectural Conservation” (1800 s-1930 s). It
is commonly accepted that the development of
modern architectural conservation stems from the
turn of the eighteenth century to the nineteenth century [8,10,23]. The external driving factors are: 1)
the development of science and technology in
eighteenth century—Age of Reason in Europe
evoked the changes in many fields such as culture,
belief, social study, modern archaeology and arts;
2) the progress in modern archaeology and art history inspired the idea of authenticity and a growing
interest of the antiquity. Meanwhile, the changing
attitudes towards antiquity evoked the study of traditional architectural style, construction technology,
building materials and old craft skills [23], and it
also influenced the preservation attitude in architecture, which is to honor the historic remains by keeping them untouched [24]; 3)The rise of picturesque
aesthetic gradually prevailed in the fields of architecture and art, which finally led to the Picturesque
Movement , which preferred the natural and nostalgic aesthetic features.
The internal impetuses are: 1) the rethinking of
mass production, which is attributed to have caused
the separation of arts and crafts, and led to many
social and environmental problems [8,25]; 2) and
the rising of social elites such as Ruskin and Morris,
who realized the value of historical buildings and
relics and became leading proponents of preservation and anti-restoration practices[2,10]. In addition,
the establishment of the Society for the Protection of
Ancient Buildings (SPAB) with its famous manifesto which marked the rise of modern conservation
campaign which introduced the key concept of “authenticity based on material fabric” [2] and remains
influential in contemporary “material fetish” preoccupied daily conservation practices [21].
Influenced by above factors, in the late nineteenth century, a group of countries, namely Britain,
the Netherlands, France and Germany initiated ‘the
first period of conservation legislation’ and started
the listing of important monuments [10], which according to Tiesdell et al. [9], can be identified as the
first wave of modern conservation movement—the
architectural conservation. In physical aspects, it
seeks the authenticity of relics, and takes a curatorial
approach to protect historic remains as monuments.
As it is mainly driven and dominated by social elites
such as architects, archaeologists and other specialists, who have displayed specific architectural and
historic interests and preferred the isolated antique
monuments instead of the urban historic buildings,
rigid protections were given priorities over other
requirements, such as working class’s needs [12].
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were prone to change a dynamic mix-used place into
a museum of tourist spots [8, 31].
Accordingly, the functional considerations of
areas and the adaptive reuse of aging buildings were
added to the previously simple physicalconservation based measures, and a broad discussion emerged on conservation addressing the urge to
create a distinctive approach from the ‘museological’ preservation approach [8, 23]. For instance,
Gustavo Giovannoni (1873-1947) proposed the idea
of ‘living conservation’ and developed the idea of
‘urban heritage’, which addressed the importance of
function of historic buildings in an urban context
[23].
In the UK, pilot studies for the historic town
master plan were conducted in four historic towns,
namely Bath, Chester, Chichester, and York during
1966 to 1968. Aiming to reconcile the pressure
raised by needs of modern functions such as traffic
versus pedestrians, these historic town plans “all
advocated a balance between the conservation of
historic character and the continuing evolution of
the living city, albeit the balance suggested varied
significantly amongst the various plans”.
During the shift of the conservation approach
from architectural preservation to the conservation
of areas, the conservation ideology has evolved from
mere historical preservation to a comprehensive
urban enhancement [32]. This evolution in conservation perspectives is revealed in the charters and
declarations of ICOMOS and UNESCO during
1960s till 1970s. Although the Venice Charter [33]
declared the historic monuments as major conserved
objects and the authenticity of materials and documents as a basic concern, it also gives attention to
the importance of safeguarding the historical sites of
monuments. In 1972, monuments, groups of buildings and sites were identified as three categories of
cultural heritage by UNESCO [34]. Shortly afterwards, the value of historic areas and the role of
contemporary condition in the conservation of historic area were addressed in the Warsaw-Nairobi
Recommendation, which proposed ‘international
cooperation’ and the conservation measures integrated in ‘legal, administrative, technical, economic,
and social aspects’ [35] .
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pulsory purchase’ and large scale redevelopment
plan. Especially in the traditional residential area,
the irreversible displacement method with the dispersal of lower social class is often accused of destroying the ‘sense of place’ of the historic area and
of causing feeling of “uncertainty” [2,9], thus engendering the recurrent protests of communities
against the demolition and redevelopment such as
the “NIMBY” movements which have been occurring all over the world ever since late 1970s, arousing new agendas to the domain of urban conservation such as public participation, community development, social conservation, the integral selection
of heritage value, and so on and so forth. Just as
Pendlebury [2] points it out :“ planned redevelopment fired the growth of the conservation movement, but conservationists sought not the abolition
of planning but to take control within it”, conservation remains as the practices of modern planning in
many aspects, and hence has kept on evolving
through continuous adaptation to the emerging
agendas and to the specific local contexts in order
to manage the process of change.
Given the economic recession in1970s as a significant influential factor, in UK the 1980s’ legislation retrenched the official support for conservation
[10]. Instead of official financial support, the economics of conservation tends to extensively rely on
the economics of urban development [2,11]. To gain
economic growth, conservation was frequently used
as a governmental tool in dealing with many other
areas of urban development, such as housing and
economic regeneration [2,9,10,11,19].
During the last two decades of the 20th century, various conservation practices have been conducted, which focused on the attraction of investment as well as the economic growth of the area in
order to revitalize historic urban quarters such as the
SOHO in New York and the Jewellery Quarter in
Birmingham. Based on such conservation practices,
Tiesdell et.al. [9] identifies an emerging common
feature of this conservation stage as ‘the revitalization of the protected historic urban areas and quarters through growth management’, which indicates
the rise of the third wave of conservation: PolicyInitiated conservation. Compared with the previous
preservation-oriented approach, which focused on
the historic interest of ‘the legacy of past’, the policy-initiated conservation highlights the concern of
the potential development of heritage. In terms of
conservation measures, policy-initiated conservation
targets to manage both the physical change and the
inevitable economic change.
According to Lichfield [11], the policyinitiated urban revitalization aims to remedy all
kinds of obsolescence in order to extend the life
circle of built environment, which will in turn motivate potential economic activities. According to
Tiesdell [9], specific strategies are conducted to
achieve physical and economic revitalization. In

The
‘Policy—Initiated
Conservation’
(1970s-). In the UK the relationship between conservation and urban planning began to change dramatically in the late 1960s: “Conservation ceased to
be a backdrop to a process of modern planning;
rather it began to assume the foreground and become the starting point. It started to encompass the
whole quality of the environment, including the
insertion of new buildings. It gradually became the
driver in the management of change.” [2] Yet shortly after this period the balance was broken by the
economic situation in 1970s and the rational choice
based modern planning approaches such as ‘com-
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physical revitalization, a short-term preservation-led
New agendas of urban conservation (1980sphysical revitalization is usually adopted to reduce
2000s). Starting from the 1980s, in conjunction
the physical obsolescence and to sustain people’s
with the urban conservation practices a shift of deconfidence. To promote economic growth, three
fining heritage value emerged from a singular
approaches are widely used [9]. The first one is
standard of value based on material fabric towards
functional restructuring, which replaces the existing
heterogeneous values based on postmodern pluraliactivities and functions by new uses and activities.
ty, cultural relativism, thus providing new avenues
The second one is functional regeneration, which
for understanding the concept of heritage and demaintains and enhances the existing functions and
veloping fluid and inclusive approaches for heritage
improves the competitiveness of the area’s existing
conservation [2,21].
functions and uses. The third one is functional diAs the impacts of urban conservation practices
versification, which injects in some new feasible
become apparent, for instance, the demolition prouses to the historic urban area. This period saw the
jects lead to recurrent resistance, the role of urban
rise of the heritage industry which commodified the
conservation on social inclusion are receives growconcept of heritage. Hence practices of urban heriting attention, thus urging urban conservation planage conservation have been woven into broader urning to adapt to new agendas related to the social
ban agendas such as housing, real estate and tourrole of urban conservation such as plurality and diism, which in turn engendered new phenomena such
versity, community identity enhancement, daily life
as gentrification during the process.
heritage, constructing social inclusion, and public
The economic and physical revitalization has
value. Measures such as “characterization” of historprovoked concerns on the negative social conseic environment, and “catch-all” which incorporate
quences of gentrification. As can be seen from many
broader values have been implemented in the UK,
practices, the functional restructuring has changed
however, the translation of pluralism into the orthothe entire economic base and function of places
dox conservation planning might lead to the frag[11]. As its aim focuses on land value increase and
mentation of the established modern conservation
rent generators, as well as on attracting higher eco[2]. In addition it is argued that in general there lack
nomically valued uses, it also replaces the activities
both doctrine decrees and methodological means to
of the historic urban area and users [9,11]. Since
facilitate the decision-making frameworks of conurban functions, people’s activities and their indigeservation practices [2,21].
nous local social network were replaced, the social
Given the review of the evolution of conservavalues which are all deeply embedded in close relation doctrine (see Table. 1)ˈin the advent of an age
tionship between neighborhoods, such as the sense
of consensuson urban conservation, potential chalof trust and security, and the collective memory, etc.
lenges have now come to the surface in the process
have been dramatically damaged.
TABLE 1
The Evolution of Urban Conservation Doctrine in Europe
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of adaptation: 1) firstly, in terms of value definition
approaches, the question on how to reconcile the
calls for pluralistic values which favor individual
choices with the framework of value selection of
orthodox conservation planning which is rational
choice based, professionals defined, and authenticity
of material fabric centered; 2) secondly, in terms of
conservation planning management, the challenge to
adapt these agendas into the legislation framework
and interventions such as strategies, regulations, and
principles etc., hence embracing an inclusive decision making process.
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National Cultural Relics Protection Units in 2014,
there are totally 4,296 units nationwide.
Meanwhile, at the provincial, municipal, and
county level, local governments may also list the
most significant historical buildings and
monuments as Cultural Relics Protection Units.
Due to the Culture Revolution, only a few significant traditional buildings were well conserved in
the first three decades after New China was founded
and the urban conservation studies were difficult to
be carried out during this period [37].
2) The second stage: Historic cities. The
second stage began in 1980s after reform and
opening-up policy. The defining events is that the
central government listed 24 cities as “Historic
Cities”, also known as “Famous Cities of Historical
Culture Value” in February, 1982. Advocated by
Hou Renzhi, Zheng Xiaoxie, and Shan Shiyuan,
this conservation mechanism was proposed in 1982,
with the intention to expend the contents of urban
conservation. According to “Law of the People's
Republic of China on Protection of Cultural
Relics”, “ Cities with an unusual wealth of cultural
relics of important historical value or high
revolutionary significance shall be verified and
announced by the State Council as famous cities of
historical culture value” [38]. Up to now, totally
125 cities are in the list of national famous cities of
historical culture value. It is also required that local
governments at or above county level are
responsible for the conservation planning for
Historic Cities, which should be included in local
master plan (Ibid.).

Urban Conservation in China. The history
of urban conservation in China. Compared to
most countries in Europe, the study of urban conservation began relatively late in China. The actual
study with modern significance could be traced
back in 1922 when the first academic institution for
protection of cultural relics in China was established, namely the Institute of Archaeology in Peking University. In 1929, Society for the Study of
Chinese Architecture was founded by Zhu Qiqian
and later joined by Liang Sicheng and Liu Dunzhen, who used scientific and systemic method to
carry out the conservation of ancient Chinese architecture (Wang, Ruan et al. 1999). In 1930, the government of the Republic of China publicized the
"Antiquities Protection Law", in which there are
some regulations for urban conservation. In 1948,
"A Brief Introduction of National Important Cultural Relics and Architecture" was published, which
was edited by Liang Sicheng, who was working in
Tsinghua University at the time. According to
Chen [36], this achievement is the foundation of the
first list of nationwide Cultural Relics Protection
Units. After 1949, the development of urban conservation could be divided into three stages.

3)The third stage: Historic conservation
area. In the third stage, urban conservation in
China emphasized on urban historic area, streets,
quarters, and neighbourhoods. Although the
concept of historic conservation area was first
introduced in China in 1982 when State Council
announced the first list of National Historic Cities
and officially mentioned in 1986 when the second
list of National Historic Cities was released, the
clear definition and specific conservation means
were proposed in 1990s. In June, 1996, the
International Symposium for Conservation of
Historic Area was hold in Tunxi District,
Huangshan City, Anhui Province by Chinese’s
Ministry of Housing and Urban-Rural Development
(MOHURD, formerly known as Ministry of
Construction), the Architectural Society of China,
and the Urban Planning Society of China, which
could be seen as the initiation of the third stage. In
this symposium, the Old Street in Tunxi District
was discussed as an example in order to explore a
new dimension of urban conservation in China. The
then minster Ye Rutang of the original Ministry of
Construction addressed that there were only a few
cities could meet the requirement to apply for

1) First stage: National Cultural Relics
Protection Units. In the first stage which is from
1950s to 1970s, the urban conservation in China
was only focused on individual ancient buildings
and cultural relics. In 1961, the Provisional
Regulations on the Protection and Control of
Cultural Relics was announced by the State
Council. In the same year, totally 180 sites were
listed as the first batch of National Cultural Relics
Protection Units, including palaces, temples, tombs,
monuments, and so on. Because of the limited
understanding of urban conservation at that time,
only the most significant ones In terms of historical
and architecture value were listed, for example, the
Forbidden city and Summer Palace in Beijing. The
units on the list would be strictly preserved by law
and only can be used as museums and pavilions.
Since then, this policy became one of the most
important
approaches
to
conduct
urban
conservation in China. Until now, after the Central
Government announced the seventh patch of
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Historic Cities and got the supports for their urban
conservation, but there are quite a number of
streets, neighbourhoods, and villages are worth to
be well conserved due to their important historical
and architectural value [39]. This symposium drew
a conclusion that a new approach for urban
conservation was necessary for the purpose to
protect the historic quarters so that they can
embody the cities’ history (Ibid.). According to
“Law of the People's Republic of China on
Protection of Cultural Relics”, historic conservation
area refers to “Towns, neighbourhoods or villages
with an unusual wealth of cultural relics of
important historical value or high revolutionary
memorial significance” which “be verified and
announced by the people’s governments of
provinces, autonomous regions, or municipalities
directly under the central governments” [38]. As
proposed in this conference, different with those
strictly protected Cultural Relics Protection Units,
buildings in historic streets, neighbourhood,
quarters and villages should be allow to be
endowed with new functions as long as their
façades
were
preserved;
meanwhile
the
conservation policies should also focus on the
improvement of living conditions, infrastructures,
environmental qualities [40]. In 1996, suggested by
Qian Weichang, the Central Government set up a
special fund for the conservation and maintenance
of historic areas; 16 historic areas were funded in
1997 [41]. According to Yuan, the conservation
mechanism historic areas add a new dimension and
completes the system of urban conservation in
China [41].
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Units are strictly conserved as museums or
pavilions. Meanwhile, the façades of main streets
(lines) of historical areas are also restored, with the
street converted to commercial streets in most
cases. The surrounding areas are controlled by
planning as buffering zone and new development is
restrained in these areas. This approach is often
adopted by cities or towns to assure the important
historical buildings and their surrounding
environment; and to attract economic development
of surrounding areas, such as those commercial
areas around famous historic site. In most cases,
functional restructuring is usually accompanied
with this conservation approach. After the
conservation, the whole area could be designated as
tourists’ destinations (for example: Lijiang historic
town). Many researchers have criticized that this
approach conserves historical area as theme park
and the original identity and everyday life are
threatened by the tourism activity and
commoditization process [51,52,53].
ii. Listed
building
conservation
with
redevelopment of surrounding area approach.
The second approach is driven by the economic
growth in real estate. On one hand, the important
historical buildings are restored, which is similar
with the first approach, while their function could
be changed. On the other hand, the less important
buildings or buildings with low architecture value
are usually demolished and replaced by new
developments. This approach conserves the specific
parts of historical districts such as listed building
and converts them to high class restaurant, café,
hotels and galleries, etc., The demolished area is
normally traditional residential districts, which
suffer a lot in terms of community loss, home loss
and even livelihood loss. This approach is criticized
to pursue high economic profit while undervalue
the social aspects and community life and cause
social problems. “Xintiandi” project in Shanghai
and “San Fang Qi Xiang” project in Fuzhou might
provide examples for this approach [54,55,56].

Current conservation strategies of urban
historic quarters in China. In China, Studies on
the conservation of urban historic areas can be categorized in the areas of conservation theory [42],
conservation policy and planning principle
[41,43,44], urban renewal and urban design approach [45,46,47], adaptive reuse of historic buildings[48,49,50].The conservation plan of historic
quarters or streets in China’s cities is under Urban
Regulatory Plan provided by Municipal government. Local government is highly involved in the
policy making and implementation of conservation
plan. Generally the following approaches present as
the mainstream conservation and development patterns adopted by local governments.

iii. Adaptive reuse approach. Accompanied
with the rapid process of urbanization, cities
undergo a large scale industrial relocation. In result,
factories, warehouse and other industrial structures
were left vacant in some old districts. Due to good
construction qualities, some of these structures
were not demolished but adapted to new functions
to revitalize the urban area. Because reuse could
reduce the development investment, revitalize the
economy, and enhance the urban memories of past,
this approach is popular in big cities with large
amount of industrial heritage. Usually cultural
industry and creative industry initiate the reuse of
industrial factories based on low rent. The adaptive
reuse can be seen in forms of artists’ studio,
exhibition hall, and design workshops, etc. The

i. “Spot-line-area” conservation control
approach. Luo Zhewen (2003) proposed the idea
of “conserving the historical cultures in different
ways based on their different scales and
circumstances”. The three-leveled conservation
approach emerged, which is usually termed as
“spot-line-area” approach. In this approach, the
important historical buildings (spots), such as
National or Provincial Protected Culture Relic
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entire surrounding can be latterly revitalized, which
somehow drive artists to flee away due to the
increased rent. “Red Town Project”, “the Bridge 8”
in Shanghai and “798 Project” in Beijing could
partly demonstrate the success of this approach
[50,57,58]. Especially in Shanghai, many old
industrial buildings have been successfully reused
to accommodate creative industry. Effective
organizations and flexible principles regarding
adaptive reuse have been released by municipal
government. For example, the “Three Unchanging
Principles” was proposed by Shanghai Creative
Industry Center to promote creative industry, which
declared that ownership right, the major building
structure, and land use should be kept as unchanged
[50].
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Sustainable development as an integrated
approach. During recent years, sustainable develop
has become a worldwide consensus which put urban conservation into a big image. Sustainable development means “development that meets the
needs of the present without compromising the ability of future generations to meet their own
needs”[66]. The definition of sustainable development has been developed through the concept of the
“three pillars” model, which lists the environmental, economic and social dimensions as domains of
sustainability [67]. The term “to sustain”, which
implies the ability to mitigate present problems and
provide opportunities for continuity without depriving the rights of future generations, challenges our
understanding and practice of “the legacy of past”
from a sustainable urban conservation lens. The
concept of sustainable development as an approach
to conservation planning brings new perspectives
and requires new methods.
The agenda of sustainable development has
provided a new avenue for heritage value to evolve
and for urban conservation to adapt, which means
that urban conservation ought to be more than merely physical maintenance of a historic site but also
the heritage value centered management of place
from a process perspective towards sustainability. In
other words, a sustainable development perspective
to urban conservation should ask: How can conservation planning help to manage the process of
change and development in historical places, which
will lead to a sustainable transformation in the long
run?
In order to better understand urban conservation and to cope with the shifting views of heritage
value, sustainable development could be understood
as a new approach to conservation planning which
highlights the long-term dynamic integration and
cooperation of different approaches based on different understandings of values from different social
groups and individuals.
Contemporary conservation approaches focus
on sustainable development and tend to address
economical and environmental issues such as energy
consumption, environmental pollution, recycling the
building materials and so on and so forth. Existing
literature shows that previous research on urban
conservation focused more on technical issues with
the intention to maintain the fabric of existing buildings and reduce harmful impacts on environment.
Increasingly, the role of urban heritage conservation in promoting economic growth has been
acknowledged, which is mainly in association with
tourism development. In this age of globalization,
historical quarters attract tourists from around the
world due to its cultural uniqueness and historical
value, which can help to boost the economy in both
local and national levels [68]. Together with culture
tourism development, the economic sustainability of

iv. Bottom-up approach. As a centralized
country, urban conservation practices with a topdown approach are often adapted by local
governments. However, in recent years, there
emerged a new trend which is to carry out urban
conservation via a bottom up direction. This
bottom-up approach has its own characteristic. In
several cases, local neighborhoods are empowered
in the process of participation in urban conservation
practice. Local residents’ basic needs and
requirement will be collected to be considered in
the conservation plan. However in many cases,
local residents choose to participate only if the topdown approach threatens their livelihood.
Therefore, it might be termed as passive bottom-up
approach, for example the conservation practice in
Nan Luoguxiang. However, there emerges
increasing cases showing residents’ initiative to
participate; for example, residents show a strong
willingness to community participation under the
“Rent Gap Seeking Regime” in Tianzi Fang. Recent
years, this approach attracts more and more
researchers’ attentions after several successful
cases. For example, conservation projects of
Tianzifang and Taipingqiao neighborhoods in
Shanghai and the conservation program of Drum
Tower Muslim Quarter in Xi’an can all be put into
this category [47,59,60,61,62,63,64,65].
v. Compensation
for
demolition
in
conservation plan. In general, there are three major
types of compensation for house demolished based
on local urban conservation plans: monetary
compensation; house exchange based on property
value, and house exchange based or flat area.
Monetary compensation is a one-time deal, and
locals usually fail to afford a house within
surrounding area. House exchange methods usually
relocate residents to fringe area, where there lacks
facilities and employment. Recently, property-right
exchange has been adopted in Si-nan Road historic
building conservation, which provides chances for
people to stay in their neighborhood nearby.
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urban conservation has become a major research
topic.
Nowadays, with stronger motivations to enhance the economic development and improve the
physical environment of urban areas, social sustainability has remained ignored or less considered by
local governments, especially in developing countries. It has been verified in many cases that without
a solid foundation for social network, social justice
and social well-being, urban conservation would be
less able to achieve sustainability and the economic
and environmental dimensions will be weaken progressively [69,70,71,72,73].
Therefore, future research on urban conservation should be encouraged to adopt the sustainable
development perspective. Furthermore, win-win
solutions and sustainable conservation methods focusing on the social dimension are significant topics
with research potentials that merit attention by researchers engaged in urban conservation studies.
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CONCLUSIONS
This paper reveals the ever-increasing relevance of urban conservation to urban development
and examines the evolution of the doctrine of heritage conservation with a perspective of changing
development contexts worldwide, and with contextualizing heritage conservation in Chinese cities,
this paper addresses the research potentials of sustainable development, especially in the dimension
of social sustainability as new avenue for an integrated urban conservation approach.
REFERENCES
[1] Orbasli, A. (2000). Tourists in historic towns:
Urban conservation and heritage management,
Taylor & Francis.
[2] Pendlebury, J. (2008). Conservation in the Age
of Consensus, Routledge.
[3] UNESCO (2011). Proposals Concerning The
Desirability Of A Standard-Setting Instrument
On Historic Urban Landscapes. General Coference, 36th Session. Paris.
[4] Huntington, S.P. (1971). "The change to
change: modernization, development, and politics." Comparative Politics: 283-322.
[5] Harvey, D. (1989). The urban experience,
Johns Hopkins University Press Baltimore, MD.
[6] Ashworth, G. and Tunbridge, J. (1990). The
tourist-historic city, Belhaven Press, London.
[7] Cohen, N. (1999). Urban conservation. Cambridge, Mass., MIT Press.
[8] Hobson, E. (2004). Conservation and planning:
changing values in policy and practice, Spon
Press, London/New York.

3932

© by PSP

Volume 30– No. 04/2021 pages 3924-3934

[30] Wang, W., Chen, R.P., Zhou, Y.L. (2019)
Study on environmental protection in tourist
towns based on ecological theory. Fresen. Environ. Bull. 28, 8800-8805.
[31] Burtenshaw, D., Bateman, M., Ashworth, G. J.
(1991). The European city: a Western perspective. David Fulton, London.
[32] Ashworth, G. and Tunbridge, J. (1990). The
tourist-historic city, Belhaven Press, London.
[33] ICOMOS (1964). "Charter of Venice."
ICOMOS.
[34] Li, N. (2019) Analysis of rural ecological environment governance and economic and social
development in the background of digitization.
Fresen. Environ. Bull. 28, 10076-10082.
[35] Yang, S., Lin, A.M. (2019) Research on green
development of coal industry based on ecological civilization. Fresen. Environ. Bull. 28, 53985401.
[36] Chiu, C. and Moss, C. F. (2007). "The role of
the external ear in vertical sound localization in
the free flying bat, Eptesicus fuscus." Journal of
the Acoustical Society of America. 121(4),
2227-2235.
[37] Xie, C. (2013). "Four erroneous tendancies in
current conservation of cultural relices." City
Planning Review.
[38] Yang, Q., Yang, D. (2012) Research on the
MSP Evolution Patterns of Two-oriented Society Coordinated Development in Regions of
China. Procedia Environmental Sciences. 12,
777-784.
[39] Fu, S. (1996). "The historical urban area protection (international) conference held in Huangshan city." Architectural Journal. 9, 8-9.
[40] Wang, L. and Wang, J. (1998). "The research
on planning methods for urban historic area
conservation." City Planning Review. 37-39.
[41] Ruan, Y. and Sun, M. (2001). "The study on
some issues related to the conservation and
planning for the historic streets and areas in
China." City Planning Review. 25(10), 25-32.
[42] Ruan, Y. and Lin, L. (2003). "Authenticity in
Relation to the Conservation of Cultural Heritage [J]." Journal of Tongji University Social
Science Section. 2.
[43] Zhang, S. (1999). "The objective and method of
conservation of historic towns." Urban Planning.
007, 50-53.
[44] Su, X. (2010). "Urban conservation in Lijiang,
China: Power structure and funding systems."
Cities. 27(3), 164-171.
[45] Wu, L. (1991). "Rehabilitation in Beijing."
Habitat International. 15(3), 51-66.
[46] Lu, J. (1997). "Beijing's old and dilapidated
housing renewal." Cities 14(2), 59-69.
[47] Shin, H.B. (2010). "Urban conservation and
revalorisation of dilapidated historic quarters:
The case of Nanluoguxiang in Beijing." Cities
27, S43-S54.

Fresenius Environmental Bulletin

[48] Chang, Q. (2003). A Conservation Strategy of
Architectural Heritage, Tongji University Press.
[49] Ruan, Y. and Zhang, S. (2004). The Promotion
of Industry Heritage Conservation on Cultural
Business. Urban Planning Forum.
[50] Wang, J. (2009). "‘Art in capital’: Shaping distinctiveness in a culture-led urban regeneration
project in Red Town, Shanghai." Cities 26(6),
318-330.
[51] Xu, H. and Tao, W. (2001). "Managing side
effects of cultural tourism development: The
Case of Zhouzhuang." Chinese Geographical
Science 11(4), 356-365.
[52] Liu, B., Su, Q., Ge, X.D. (2005). "A Comparative Study on Residents, Perceptions of Tourism
Impactson Traditional Ancient Dwell Houses
Tourism Area-A case study of Xidi and
Zhouzhuang [J]." Journal of West Anhui University. 21(2), 64-68.
[53] Al-hagla, K. S. (2010). "Sustainable urban development in historical areas using the tourist
trail approach: A case study of the Cultural Heritage and Urban Development (CHUD) project
in Saida, Lebanon." Cities. 27(4), 234-248.
[54] He, S. and Wu, F. (2005). "Propertyϋled redevelopment in postϋreform China: a case study
of Xintiandi redevelopment project in Shanghai." Journal of Urban Affairs. 27(1), 1-23.
[55] Wai, A. W. T. (2006). "Place promotion and
iconography in Shanghai's Xintiandi." Habitat
International 30(2), 245-260.
[56] Yao, P. and Zhao, Y. (2009). "How to Protect
and Utilize Historical Heritage: a Case Study
with Xintiandi Shopping Mall in Shanghai."
Journal of Eastern Liaoning University (Natural
Science). 16(1), 75-78.
[57] Tan, L. (2006). Revolutionary Spaces in Globalization: Beijing’s Dashanzi Arts District’.
[58] ZHOU, S. and X. SHEN (2008). "Local Cultural Embeddedness of the Fine Arts Industry in
Beijing [J]." Human Geography. 2, 26-32.
[59] Guo-zhao, L. (2007). "A Study on Taipingqiao
Area and Xintiandi Based on Preservation Legislations." Time+ Architecture. 5, 130-133.
[60] Yang, Y. R. and C. Chang (2007). "An urban
regeneration regime in China: A case study of
urban redevelopment in Shanghai's Taipingqiao
area." Urban Studies. 44(9), 1809-1826.
[61] Yu, H. (2011). "Narration of Historic Block
Renovation in Power and Concept Dimensions:
Case of Tianzifang in Shanghai." 4, 23-29.
[62] Zhang, C., Wang, J.N., Chen, P., Wang, J.C.,
Lv, B. (2008). "The impact of local creative milieu and space on cultural and creative activities
in cities: The case of Nanluoguxiang in Beijing." Geographical Research. 2, 439-448.
[63] Yu, H. (2009). "Tianzifang Experiment: the
City Renewal Model Superseding the Binary
Opposition of a Place." China Ancient City. 7,
26-31.

3933

© by PSP

Volume 30– No. 04/2021 pages 3924-3934

[64] Pohle, J. (2015) UNESCO and INFOethics:
Seeking global ethical values in the Information
Society. Telematics and Informatics. 32, 381390.
[65] Wang, J.Q., Yao, Z.G., March, A.P. (2009).
"Preservation and Regeneration Via Hai Pai
Cultural Renaissance–A Case Study of Tianzifang Creative Quarter in Shanghai." The 4th
International Conference of the International
Forum on Urbanism (IFoU) 2009, Amsterdam.
[66] Tang, X., McLellan, B.C., Snowden, S., Zhang,
B., Hook, M. (2015) Dilemmas for China: Energy, economy and environment. Sustainability.
7, 5508-5520.
[67] Keiner, M. (2005). History, definition (s) and
models of sustainable development, ETH, Eidgenössische Technische Hochschule Zürich.
[68] Tweed, C. and M. Sutherland (2007). "Built
cultural heritage and sustainable urban development." Landscape and Urban Planning. 83(1),
62-69.
[69] Mo, T.W., Lu, D. (2000). "Regeneration of Unban Form of Shanghai Lilong-Conservative
Development of Xintiandi." Time+ Architecture
3, 40-42.
[70] Wu, D., Ning, S. (2018) Dynamic assessment of
urban economy - environment - energy system
using system dynamics model: A case study in
Beijing. Environ. Res. 164, 70-84.
[71] Yu-fang, Y. (2011). "Problems and Solutions of
Zhouzhuang Becoming Exquisite Tourism
Product." Journal of Jiangsu Vocational and
Technical Institute of Economics and Commerce.
[72] Han, J., Wang, L.L., Heng, C.K. (2015). Addressing Social Revitalization in Conservation
of Historic Quarters in China A Social Capital
Initiated Urban Conservation Approach, Building Resilient Cities in China: The Nexus Between Planning and Science. 113, 75-91.

Received:
Accepted:

14.06.2020
29.11.2020

CORRESPONDING AUTHOR
Liangliang Wang
Department of Urban Planning,
Xiamen University,
Xiamen – China
e-mail: nihaobeijing@protonmail.com

3934

Fresenius Environmental Bulletin

© by PSP

Volume 30– No. 04/2021 pages 3935-3940

Fresenius Environmental Bulletin

NOTICE

STUDY ON THE MEASUREMENT METHOD OF
ECOLOGICAL ENVIRONMENT VALUE
Hua Huang1,2,*
Accounting School of Sichuan Technology and Business University, Chengdu 611745, China

has gradually realized that in order to fundamentally
ensure the sustainable development of the social
economy in the future, the ecological environment
must be improved from now on.
The difficulty and focus of establishing an ecoenvironmental value accounting mechanism is to determine a reasonable eco-environmental value accounting value, which is directly related to the effectiveness and feasibility of the implementation of the
mechanism, but currently there is no recognized
measurement method, and the basis for compensation is also There is a lack of understanding, which
leads to unscientific calculation process and incomplete calculation results, which makes the determined ecological environment value accounting
value too low or too high, which hinders the implementation of the ecological environment value accounting mechanism, so it is used to determine the
ecology The accounting method of environmental
value accounting value needs further breakthrough.
From this perspective, determining a scientific and
reasonable compensation value has important scientific significance, and has aroused the research interest of economists, environmental scientists, and
ecologists in recent years [3].

ABSTRACT
With the prominence of social and environmental problems, ecological value accounting has very
important practical significance in today's society.
Under the current severe environmental pollution
problem, it is of great significance to find a method
that can accurately and scientifically calculate the
environmental value. On the basis of comparison and
analysis, this article selects the replacement cost
method in ecological environment value measurement and improves it to make the ecological environment value measurement method more scientific
and effective, with a view to making scientific and
accurate ecological environment value Local accounting to promote the sustainable development of
the global economy.

KEYWORDS:
Ecological environment, Value accounting, Value measurement, Improvement

INTRODUCTION

Study on Domestic and International Ecological Compensation Value Accounting. So far,
relevant scholars at home and abroad have not
formed a unified opinion on the study of the definition of ecological environment value accounting.
Eco-environmental value accounting mostly refers
to people who enjoy the functions of ecological services abroad to pay for those who provide the functions of ecological services. Cuperus et al. defined
eco-environmental value accounting as a series of
compensatory measures, which were taken after the
ecological environment quality or ecological function was destroyed. Allen et al. believe that ecological environment value accounting is a measure to restore or rebuild the ecological environment to replace the destroyed environmental quality or ecological function. Pagio1a defines ecological environment value accounting as a kind of subsidy to the
protectors of ecological environment resources [4].

Eco-environmental value accounting is an important tool for ecological protection and environmental supervision. It began to be used in the 1930s.
So far, this tool has been used in many countries and
many engineering projects. The reason why the
United States chose the policy tool of conservative
farming was because of the devastating floods and
dust storms in the 1930s [1]. This project implies an
economic principle that is to provide economic compensation to the farmers who originally cultivated
the land, because they bear the opportunity cost of
protecting the ecological environment and giving up
farming, and the government should pay the full
amount of compensation [2]. In recent years, Costa
Rica has adopted legislative measures to ensure the
internalization of ecological benefits. In addition, it
has also used market instruments to compensate private producers who provide ecological services, as
well as to raise funds to support the government’s
environmental protection. The Chinese government
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The 1991 edition of the "Environmental Science Dictionary" of China defines ecological environmental value accounting as: "The ability of mitigating interference and regulating one's own state to
maintain survival when biological organisms, populations, communities or ecosystems are disturbed, or
It can be regarded as the reducing capacity of ecological load." Zhang Zheng defines ecological environment value accounting as an external cost, which
is used to prevent the ecological environment from
being destroyed and some fees collected [5]. Mao
Xianqiang et al. explained the value accounting of
ecological environment from the positive and negative aspects of the externality generated by human
behavior. On the one hand, if humans are engaged in
the protection of the natural environment, they will
produce positive externalities. Therefore, it should
be compensated; on the other hand, if humans are
engaged in acts that destroy the natural environment,
they will produce negative externalities, so they
should be charged. Liu Xiaohong et al. believe that
the value accounting of the ecological environment
of the river basin is a policy system, which provides
economic subsidies as a means to maintain and improve the ecological environment of the river basin
[6].
According to the above scholars' interpretation
and understanding of the concept of ecological environment value accounting, this article believes that
the concept of "eco-environmental value accounting" is: human beings provide certain economic,
technical or policy support to ecological regions to
protect the ecological environment, so that the region
The functions of natural ecology can be restored, improved or enhanced by this "external force" in order
to better serve human beings. The ecological environment value accounting of the watershed is defined as: the economic activities of the actors in the
upper and lower reaches of the domain due to their
own ecological protection, benefit or destruction of
the watershed, and they are compensated or pay the
costs of governance and restoration.

pact of the development and utilization of natural resources on the environment is reflected in both qualitative and quantitative changes. Qualitative indicates the nature of the impact. Quantitative indicates
the extent and extent of the impact. This effect has
multiple positive and negative effects, which must be
analyzed in detail. In order to estimate the value of
natural resources, the negative impact or negative
benefits on the environment are usually taken as the
assessment value of the resource value. This is the
so-called indirect method. When a natural resource
environment is damaged or polluted, it will cause direct and indirect losses to society and nature. Each
type of loss can be divided into several sub-losses,
and the sum of the losses is the resource value, which
can be expressed as:
m

n

D

¦d
i 1

ai

 ¦ d bj (1)
j 1

In the formula: D is the total loss. It is used to
indirectly reflect the value of resources; da is the direct loss a of item i; DBj is the indirect loss b of item
j. Among them, da, and dbj can be obtained from the
following number relationship. That is, d=f(Q,M)
where: Q is the environmental quality factor. It indicates the nature of the damage; M is the quantity factor. It indicates the range and degree of loss; d is the
conversion The amount of money.
There are many ways to establish this functional relationship, depending on the specific situation. The general principle is based on the natural resource environmental function and the cost for obtaining the resource function. The above-mentioned
functional relationship is established using methods
such as survey statistics, replacement value, restoration value, differential rent and other equivalent
compensation.
Under the conditions of today's increasingly deteriorating ecological environment and increasing
resource scarcity, the value of natural resources will
increase with changes in the ecological environment.
Specifically, when the update rate of natural resources is less than the development rate, the amount
of value shows an upward trend; when the update
rate is equal to the development rate, the amount of
value is closely related to labor productivity, that is,
labor productivity increases, and the amount of value
decreases, and vice versa, when the update rate is
less than At the development rate, the amount of
value drops. Therefore, the changes in the value of
resources are directly affected by the scarcity of resources and changes in the ecological environment.
It should be pointed out that at present, there is no
recognized calculation system for the estimation of
the value of natural resources at home and abroad,
and there is no fully mature and accurate method.
The methods summarized and introduced below, no

Principles of Valuation of Natural Resources.
The value of natural resources has both qualitative
and quantitative regulations. Because the utility or
use value of natural resources is intangible and the
value performance is indirect, it is determined that
the calculation of its value must be achieved by indirect methods. The characteristics of this method are
based on the resource function embodied in the value
of natural resources and the cost of obtaining resources. The impact of the development and utilization of natural resources on the ecological (environmental) system is transformed into a concept with
economic significance, and Cost analysis, from the
assessment of the value of natural resources. The im-
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matter which method, should be selected according
to the nature of the problem and the specific situation
in practice, and the appropriate one should be used.

is divided into two parts: reducing the health benefits
of premature death and reducing the health benefits
of lost time and medical expenses.

MATERIALS AND METHODS

RESULTS AND DISCUSSION

Model building. Environmental replacement
cost method. The environmental replacement cost
method was first proposed by Zhou Hong on the Environmental Accounting Professional Committee of
the Chinese Accounting Society in 2011, and has
been widely used in the measurement of the value of
complex and changing ecological environments such
as river basins, deserts, forests, and wetlands. The
environmental replacement cost method specifically
refers to the cost of recovering the ecological environment to its previous good state and maintaining
the state by calculating the ecological environment
after the ecological environment is destroyed. The
measurement of ecological environment value includes three levels of cost:
First, the cost of the recovery layer. The cost of
this layer is mainly the cost of various methods used
to restore the destroyed ecological environment
function to the previous state.
Second, the maintenance layer cost. This level
of cost mainly refers to the maintenance costs that
must be paid in order to maintain the restored ecological environment. Through the analysis of pollution sources, maintenance costs are subdivided and
calculated separately.
Third, strategic costs. This layer of cost is
mainly for economic development opportunities that
are given up to protect ecological functions from destruction or to develop and maintain certain ecological functions.

Case study. This article takes various data of
Lanzhou City in 2015 as an example, applying the
improved replacement cost method as a model,
From a perspective, estimate the ecological and
environmental value of Lanzhou City in 2015 in
terms of air pollution control.
Replacement cost. Recovery layer cost. According to government data, Lanzhou requires 50
daily 10-ton sprinklers and spray trucks to carry out
7 round-trip operations when heavy pollution occurs;
the sanitation water price is 2.5 yuan per ton, and
Lanzhou’s fiscal expenditure is 10.33 million a year.
Yuan is used for the purchase of road cleaning vehicles. In 2015, the heavily polluted weather was 15
days, and the cost of the ecological environment restoration layer was calculated as:
P1=Cdevice+Nweight×Wweight×C0=1033+15×350×
10×2.5÷10000=1046.13 ten thousand yuan
Maintenance layer cost. This level is mainly
considered from the perspective of maintenance of
atmospheric governance, and the source analysis of
pollution sources is divided into six parts. The specific calculation formula is:

P2=Pexecute+Pcoal+PEnterprise+Psand+PEcology
+Penvironment
Among themˈP2 is the cost of maintaining the ecological environment, Pexecute is The maintenance cost
of motor vehicle pollution stock is equal to the number of obsolete motor vehicles eliminated multiplied
by unit subsidies; Pcoal is cost reduction of urban coal
consumption is equal to the sum of coal-fired boiler
renovation and environmental protection coal subsidies; PEnterprise is cost of controlling exhaust gas emissions from industrial enterprises is replaced by accounting for investment in waste gas treatment; Psand
is cost of road dust reduction is equal to the number
of days of road cleaning times the total price of water
used; PEcology is cost of ecological engineering is
equal to the green area multiplied by the investment
per unit area. Penvironment is cost of environmental supervision engineering is equal to the sum of the cost
of building the platform and the maintenance of the
platform.

Improvement based on replacement cost
method. The replacement cost method is scientific
and operable in practice, but it does not consider the
positive and beneficial effects on health after taking
measures to control or control pollution. In order to
simplify the calculation, it is presumed that the largest beneficiary group after environmental governance is humans, that is, human health benefits, specifically referring to the improvement of the ecological environment to reduce people's health benefits
from water pollution, air pollution, and land pollution. Therefore, the missing part is considered on the
basis of the replacement cost method, and the health
benefits are added after the recovery costs, maintenance costs, and strategic costs to form a fourth-level
variable to make its accounting results more accurate.
This article uses the human capital method to account for health benefits. The human capital method
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TABLE 1
Some causes of resilience to respirable particulate matter and sulfur dioxide
for every increase of 100 ug/m3
Chronic obCardioPulmonary
Acute resstructive pulCerebrovasMortality
vascular
Pollutant
piratory inHeart Dismonary discular disease
rate
diseases
ease
fection
ease
TSP

2~9

3~9

2~10

8

19

11~16

PM 10

1.1-4.95

1.65-4.95

1.1-5.5.

4.44

10.45

6.05-8.8

According to the published "Lanzhou City Air
Pollution Control Overall Work Plan (2013-2015)",
"Lanzhou City "Twelfth Five-Year Plan" Environmental Protection Plan" and other related documents
and data, the calculation result is: 181.4756 million
opportunity cost. This level mainly measures that
part of the investment in economic development that
is abandoned to ensure the quality of the atmospheric
environment. This opportunity cost should be included in the calculation of environmental replacement costs. The specific calculation formula is:
P3 GDPA×MAEC×UAECA
Among them, P3 is the cost of the ecological
protection strategy layer, GDP is the GDP of the region in the year A, MAEC is the proportion of the
atmospheric environmental capacity management
expenses, and UAECA is the proportion of the atmospheric environmental capacity usage in the A year.
From this, the cost of the ecological protection
strategy layer is calculated as:

data on the cause of death ratio, cerebrovascular diseases were 20.63% and respiratory diseases were
11.8%. In 2015, the value of PM10 in Lanzhou was
0.099 mg/m3, which was 0.051 mg/m3 less than the
allowable concentration of 0.15 mg/m3. The absolute
value of the product of the attribution coefficient of
0.051 mg/m3 and the elasticity without increasing
100 ug/m3 (Table 1).
Calculated as follows:
M (by cause) = total mortality × population ×
cause of death ratio × attribution coefficient
Bring relevant data to get:
M
(cerebrovascular
disease)=0.00471×3693100×0.2063×0.044×0.51=80.5
3
M
(Respiratory
system
disease)=0.00471×3693100×0.118×(0.0605~0.088)×0.
51=63.33~92.12
Calculation of YPLL saved by cause of life:
YPLL is the year of potential life loss and is often used to measure the burden of disease. In this paper, the revised YPLL method is used to calculate the
person's year instead of personal value, to avoid the
ethical defects of the original method. The formula
is as follows:
YPLL=EY-DY (Where: EY represents the life
expectancy; DY represents the actual age of death;
the sum of the YPLL of a certain cause of death in a
certain population divided by the number of deaths
of this cause of death, the average YPLL of each
cause of death is obtained.)
According to the national disease death monitoring data, the YPLL value of cerebrovascular disease is 4.93, and the YPLL value of respiratory diseases is 2.75. By calculating the YPLL value of the
cause of death of the disease, the average YPLL
value of each death caused by the cause of death is
calculated.
Rescued YPLL (by cause) = M (by cause) × average YPLL per death (by cause)
YPLL
(cerebrovascular
disease)
=
80.53×4.93=397.01
YPLL (Respiratory Diseases) = (63.33 ~ 92.12)
× 2.75 = 174.16 ~ 253.33
Calculation to avoid the economic loss (V1)

P3 GDPA×MAEC×UAECA=2077.82×59.77
%×72.36%= 89.865 billion yuan
Health benefit. This level considers the beneficial effects on health due to pollution control
measures. The human capital method estimates the
health losses caused by environmental changes to assess the value of environmental changes. The causes
of death to death caused by respirable particulate
matter caused by atmospheric pollution are cardiocerebrovascular disease and respiratory disease, respectively, so these two diseases were selected as parameters of human capital method for calculation.
The specific formula is: V=V1+V2 (where V1 represents the health benefit of reducing premature
death, and V2 represents the health benefit of reduced lost time and medical expenses)
(1) Evaluation of the value of health lossesthe health benefits of reducing premature death
(V1). At the end of 2015, Lanzhou had a permanent
population of 3.693 million and a mortality rate of
4.71‰. According to the 2015 statistical yearbook
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caused by premature death:
V1=Saved YPLL×Annual salary
In the formula, the data used in the calculation
of the annual salary is the average salary of the employees in the urban units of Lanzhou City in the
2015 Lanzhou Statistical Yearbook, which is 52942
yuan, which is brought into the calculation:
V1=3023.89~34.403 million yuan.

CONCLUSION
This article uses the easy-to-operate replacement cost method to calculate the value of the environment through analysis of actual cases. The biggest feature of this method is to take into account human health benefits and add new variables to make
the calculation result More scientific and effective.
This method has a wide range of calculations, accurate results, and strong operability. It not only solves
the common difficulties in environmental resource
calculation, but also greatly improves the accuracy
and credibility of the results. In addition, based on
the general method, this algorithm incorporates the
human health index into the range of ecological environment value measurement, broadens the scope
of model considerations, and provides a scientific
basis for the measurement of ecological environment.

(2) Valuation of health losses-health benefits
of reducing lost time and medical expenses (V2).
The formula for reducing the health benefits of lost
time and medical expenses is:
(According to etiology) = reduced number of
cases × number of days lost to work per patient ×
(average daily wage + average daily medical expenses)
According to the statistical data of the 2013
China Ministry of Health Statistical Yearbook, the
prevalence of cerebrovascular diseases among urban
residents in 2013 was 9.7‰, and the prevalence of
respiratory diseases was 14.7‰. According to the
aforementioned data, the product of the cause-ofdeath ratio and the total mortality can be obtained as
the mortality of cerebrovascular disease is 0.97‰,
and the mortality of respiratory diseases is 0.56‰.
From this, it is estimated that the number of patients
with reduced cerebrovascular diseases is about 80;
the number of patients with reduced respiratory diseases is about 167 to 242. Calculate the average hospitalization days of various cerebrovascular diseases
by 13 days from the data of "China's 2015 average
hospitalization medical expenses statistics for 30 diseases" to estimate the number of days lost to work
per patient, and the respiratory system diseases to 12
days. According to the statistical announcement of
the Lanzhou Health Record, the average daily medical expenses in Lanzhou are about 11343.65, the specific calculation is as follows:
V2
(cerebrovascular)=80×13×(52942/365+11343.65/13)=1.0583 million yuan
V2
(respiratory
system)=(167~242)×12×(52942/356+11343.65/12)=21
8.51~316.64 million
V=V1+V2=(3023.89~3443.03)+(324.34~467.
47)=3348.23~3910.5 million
Add the four-layer measurement costs to obtain
the value of the ecological environment cost value
calculated by the improved replacement cost method
on air pollution control:
P=P1+P2+P3+V=1046.13+181407.56+898.65
×10000+3348.23~3910.5=917.28 billion yuan
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on the environment and be restricted by environmental factors. Therefore, this study intends to sort out
and construct the ecological elements and theoretical
framework of the leisure sports development environment, hoping to provide a theoretical reference
for the sustainability of the leisure sports development environment.

ABSTRACT
Leisure ecology is a higher level of leisure. It
advocates the harmonious coexistence, common development and mutual promotion of man and nature.
It takes environmental protection as a way to realize
the sustainable development of man and nature and
comprehensively enhance human values, outlook on
life, and leisure. This paper uses the methods of literature research and field research to study construction of Leisure Ecosystem Based on ecological perspective, constructs the ecological theory framework
of leisure sports industry, and finally proposes to extend the ecological industry chain and strengthen the
construction of talent system to perfect the leisure
sports industry. Recommended measures for the ecosystem is present.

MATERIALS AND METHODS
(1) Literature data method.Extensive search
and collection of ecological sports related materials
and literature through, China Journal Full-text Database, Wanfang Database, Web of Science, EBSCOhost Database, etc., reading the related books, combined with the relevant policies and investigation reports issued, have laid a sufficient theoretical foundation for this research.

KEYWORDS:
Leisure Industry, Construction, Ecological perspective,
Ecosystem

(2) Field survey method. After consulting a
large number of ecological materials, a field survey
was conducted on the current status of the development of ecological sports, more extensive research
and data collection were provided, which provided
empirical data for subsequent research.

INTRODUCTION
Sports leisure is an important part of leisure,
that is, leisure activities carried out by means of
sports activities or carriers are leisure sports time to
existing sports sports events [1]. In recent years, the
integration of leisure sports throughout the country
has become an important engine for the development
of the sports industry. Sports leisure has become an
important choice for the time of the modern Chinese
people [2]. Incompatible with the vigorous development of the sports and leisure industry, the setting of
leisure sports and the layout of the leisure sports industry are not completely compatible with the actual
development of the sports and leisure industry [3].
With the development of the modernization process
and the continuous improvement of the level of civilization, the human mental pressure is increasing. In
this context, leisure and sports activities that relax in
leisure time and promote health are increasingly attracting people's attention [4-8]. The existence and
development of leisure sports activities must depend

RESULTS AND DISCUSSION
Relevant concepts of the leisure sports industry. The concept of leisure ecological sports.
On the one hand, leisure means to relieve the fatigue
of the body through leisure, and on the other hand, it
means that people can build a leisure space for the
soul in addition to the necessary labor time in society
to meet the growing desire for cultural appreciation
and cultural creation. At the same time, leisure culture is also a human life state and free activity
(Fig.1). In the traditional sense of leisure sports, it
means that people can relieve fatigue and cultivate
their health through some light and happy sports activities. There is still room for discussion about the
meaning of modern leisure sports, but there are also
some representative concepts. For example, Lu Yuanzhen believes that leisure sports are not limited to
the strict regulations of physical education, nor the
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FIGURE 1
Relevant research on 2010-2017
pursuit of high-level sports performance, but also the
pursuit of a psychological experience. Zhan Huaning
believes that leisure sports is a free-sex experience
brought to the spiritual world by means of physical
activity. In summary, leisure sports is a modern lifestyle that takes place in idle time and uses the physical activity as the basic means to get t he best spiritual experience in the activity. In the current fastpaced social atmosphere, the connotation of leisure
sports has been further enriched and developed. Leisure sports more represent a concept of sports life,
and strongly express people's high-quality pursuit of
the quality of sports life. Leisure sports is also a lifestyle of sports. The leisure sports culture, a leisure
lifestyle, is endowed with a new concept of sports
culture. Leisure sports has the following three characteristics: First, it means sports activities in the free
and discretionary time outside the time required for
social labor and life maintenance. Secondly, it is for
people in the society to do fitness and entertainment
purposes. In the end, it emphasizes psychological experience, such as the pleasure of body and mind and
the pursuit of life goals, meaning and value.

The industrial characteristics of the leisure
sports industry. Leisure sports is a kind of culture.
The interaction between industry and culture determines that the development of leisure sports industry
must follow the principles of culture and chemistry,
especially the people-oriented, national culture and
different cultural values. By analyzing the basic conditions, industrial quality, product economic characteristics, leisure demand characteristics and consumer characteristics of the leisure sports industry, it
shows that China's leisure sports industry has low
technical ability and is still in its infancy, showing
small scale, low quality and form. It is relatively simple and has a small proportion in China's total economic output.
Industrial organization of the leisure sports industry. The SCP analysis framework is used to analyze the current structure-behavior-performance status of China's sports and leisure industry organizations. It is found that the market structure of China's
urban sports and leisure industry has an unbalanced
regional structure, a clear regional cluster phenomenon, and an increasingly concentrated market. The
lower characteristics of the spring. Through the analysis of the organization system of urban sports leisure service in Guan, Ying and Japan, it shows that
they basically form the government's macro-leading
role in the development of sports leisure, to support
and cultivate the main position of non-profit organization service providers and enterprise service organization. Diversified development pattern. In
China, sports organizations mainly rely on macropolicies to regulate the part of the business, allocate
sports leisure resources by means of planning, manage sports and leisure by administrative means, provide public welfare services to the society, and maximize social benefits.
Leisure sports industry for specific time periods and crowds. Holiday sports, as a sign of improving people's quality of life and satisfying spiritual
needs, is diversified. Integrating sports tourism and
sports service industry into a leisure sports industry
system will help promote the development of China's

The function of leisure ecological sports.
With the increase of people's holidays and free time,
the demand for leisure and entertainment presents
diversity, which lays a solid foundation for the development of China's leisure sports industry. At this
stage, we advocate the development of leisure sports,
which mainly have the following functions. In the
comprehensive construction of a well-off society,
the leisure sports industry has an important role in
improving people's quality of life and broadening the
space for sports industry management. The development of leisure sports industry and the construction
of a well-off society are mutually complementary.
First, it helps to strengthen the physical fitness of the
people; second, it contributes to the reproduction of
the labor force; third, it helps to promote the growth
of the national economy; fourth, it helps to increase
employment opportunities; and fifth, it contributes to
society. Sustainable development and sustainable
consumption.
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FIGURE 2
Frame of leisure sports eco-environment
holiday sports economy. Sports leisure is a higher
stage study of physical entertainment activities.
In the implementation process, in addition to
the government's need to strengthen macro-planning
and coordination, enterprises should do something to
meet the needs of holiday economy, segment the leisure sports market, and develop the leisure sports
market (Fig.2).

through the development of sports tourism is nearly
9 billion pounds. In Germany, 32 million people are
engaged in sports tourism-related activities each
year, accounting for the number of tourists traveling
abroad. 55% of Spain's sports tourism earned more
than 17 billion US dollars, accounting for 50% of its
gross national product. Abroad, research, training,
education and international exchanges related to leisure and leisure sports flourished, new research has
broken through the limited world, and the leisure industry innovation, leisure demand analysis, leisure
industry sustainable development, leisure industry
And the urban renewal, the internationalization of
the leisure industry and the analysis of the changes
in the leisure market cover many of them. It can be
seen that in the developed countries of the West, leisure is a new way of life and life, and the leisure
sports industry has become a measure of social civilization. And an important indicator of the level of
productivity development in a country.
The status quo of domestic leisure industry
sports research. China's leisure sports industry research started late, only started in 2004. Through the
2000-2017 Chinese Journal Full-text Database, we
found 153 articles and 12 master's thesis. These studies mostly define the sports and leisure industry.
Function, status quo, development countermeasures,
etc. Yang Xijun believes that with the focus of China's sports work from competitive sports to mass
sports, the government, enterprises, communities,
and sports associations should formulate corresponding countermeasures to adapt to the rapid development of the leisure sports industry. Among
them, the government should give certain support to
the leisure sports industry, regulate the market, do
market cultivation and market development work;
enterprises should expand the industrial chain, improve the technological content and service quality
of products, and create well-known brands (Fig.3).

Research status. China's sports and leisure
special website is distributed in the middle of sports
organization websites, sports conference websites,
sports event websites and so on. The 2015 World
Leisure Sports Conference is the first website directly related to “Sports and Leisure”. The focus is
mainly on the conference process and events. More
and more sports and leisure content are scattered in
sports and health. In a comprehensive class and other
websites.
Research status of foreign leisure sports industry. Foreign countries have studied the leisure sports
industry earlier, with higher levels in countries such
as Guan, Australia, Britain, and Japan. In 1899, the
British scholar Veblen analyzed the relationship between leisure and consumption from the perspective
of economics through the description of "the leisure
class, the lifestyle and the related system", marking
the beginning of leisure economic research. The rise
of the leisure sports industry is due to the challenges
of young people to nature and the adventurous spirit.
With the increasing demand for leisure sports in the
real world, the scope of leisure sports has also expanded accordingly. Japan divides leisure sports into
daily Walking, bowling, golf, swimming, and
healthy gymnastics are the most common physical
exercise items for Japanese people in a year, and the
time and space required for skiing and hiking are increasing. The expansion has gradually separated
from the basic characteristics of leisure sports daily
and convenience. The annual output value of the UK
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FIGURE 3
Leisure sports industry chain and relationship
Du Zhigang and Zheng Xinxin put forward the establishment of an ideological system that is compatible with the market economy, the development of
the leisure sports market and the various ways to
train the leisure sports industry, aiming at the low
level of development of leisure sports industry in
China, the lack of talents and the backwardness of
the management system. Development initiatives.
Hu Xiaohan and Wang Jing started from the formation mechanism of China's leisure sports industry
and studied the growth stage of the leisure sports industry from the mode of industrial development. Yin
Conggang and Yao Yiping used the theory of comparative advantage to compare the differences between Chinese and foreign leisure sports industry in
terms of human capital, institutional factors, theoretical research, etc., and proposed that at the beginning
of development, it is necessary to connect theory
with practice and use various resources according to
local conditions to ensure leisure sports in China.
The health of the industry continues to grow. Yang
Xiaochen, Li Zonghao, and Liang Qiang believe that
the leisure sports industry is an industrial cluster that
combines many industries that can meet the needs of
the masses according to people's consumption motives. The cluster has the characteristics of a commercial ecosystem. This business ecosystem consists
of core value chains and extended value chains, financial and policy chains, complementary industries
and alternative industries, and forms an intricate
value network to create valuable products and services.
At present, the main problems in the research
of leisure sports industry in China are as follows:
First, the research depth is not good. Most of the existing literatures are aimed at urban and regional
macro leisure sports industry research, and the depth
is not good. If consumers have any quantifiable criteria for satisfaction with local leisure sports products and services, and how to establish consumer
utility functions, these need to continue to conduct
more in-depth research from both depth and breadth.
Second, the research content is relatively loose. The

leisure sports industry involves two major groups,
the main industry and related industries. The investigation method and simple quantitative methods
cannot reveal the closeness of the related industries.
Third, there are fewer quantitative studies. At present, the research results of the leisure sports industry have focused on qualitative research in macro description, and the data is scarce. In order to systematically study the leisure sports industry, it is necessary to conduct quantitative research from multiple
angles, which requires strong support from a large
number of data and mathematical models.
Ecological elements and theoretical framework of leisure sports industry. The ecological environment is the general term for the quantity and
quality of water resources, land resources, biological
resources and climate resources that affect human
survival and development. It is a complex ecosystem
related to the sustainable development of society and
economy. The ecological environment is the material basis and prerequisite for the development of leisure sports, and it is the production factor that constitutes leisure sports ecological resources and directly acquires leisure sports activities. Leisure
sports is an integral part of the entire ecosystem. It
refers to the external environment surrounding the
existence, change and development of leisure sports
subjects, and can influence the operation process and
results of leisure sports activities. From an objective
point of view, the leisure sports development environment is basically equivalent to the external environment of leisure sports operations. The “ecological” and “social” environments are the main factors
that make up the external environment of leisure
sports. Therefore, rational development and utilization of ecological resources is an important part of
sustainable development of leisure sports.
The social environment mainly describes the
concept of the material production system created by
human beings through social labor, processing and
transformation of natural materials, and the ecological environment. The leisure sports environment is
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divided into four levels, one is the leisure sports population environment, the second is the leisure sports
infrastructure environment, the third is the leisure
sports system environment, and the fourth is the leisure sports human environment. Among them, the
ecological environment of leisure sports and the population environment in the social environment are
the basic environment for the sustainable development of leisure sports, which plays a fundamental
role in the local economic development, but the infrastructure environment and institutional human environment in the social environment constitute the
region. The core environment for the healthy development of leisure sports. A well-functioning infrastructure environment is the engine for the smooth
development of leisure sports, and the constantly innovative institutional environment is the basic guarantee for the steady development of leisure sports.
The leisure sports population environment refers to the foundation of leisure sports, based on a
certain population size and quality, and is a necessary condition for providing platforms for leisure
sports, fitness and competition. The discussion on
the issue of leisure sports population has always been
a hot issue of academic concern. The growth in the
number of leisure sports populations provides an essential impetus for stimulating economic development in a region. Generally speaking, a sufficient
population or sufficient labor resources is powerful
for the development of the local leisure sports industry. It can not only fully exploit and utilize natural
resources, but also form large-scale production. Conversely, the prosperity of the leisure sports industry
can also provide a new employment channel for labor resources in a region. In areas with high population quality, people usually yearn for higher levels of
demand. In this process, the relevant sports chains
such as leisure sports industry and leisure sports
tourism have been well developed and expanded.
Therefore, in planning the development of leisure
sports, the role of the quantity and quality of leisure
sports population must be considered.
Infrastructure is the foundation for the development of all national economic undertakings. A sound
infrastructure plays a huge role in accelerating social
and economic activities. Infrastructure is divided
into properties, production infrastructure, social infrastructure, and institutional safeguards. The better
the area of leisure sports infrastructure construction,
the better the development of the city. Transportation
is also one of the important factors affecting the construction of leisure sports infrastructure. Whether the
traffic conditions are convenient, whether logistics
and people flow are safe and fast, etc., all of which
will have an impact on the development of leisure
sports. Leisure sports infrastructure is the material
basis for the normal development of leisure sports
activities and an important indicator for measuring
the level of economic development of a city. The
current situation of leisure sports infrastructure plays
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a direct or indirect role in the development of leisure
sports. Therefore, to study the layout and development of leisure sports, we must take into account the
development and impact of leisure sports infrastructure environment on leisure sports.
The institutional environment is the internal
mechanism of leisure sports and a powerful guarantee for the normal operation of leisure sports. The institutional environment is a series of basic political,
social, and legal rules used to establish production,
exchange, and distribution, with relative stability. In
the process of the formation and evolution of leisure
sports, the institutional environment plays an important role in determining. The promulgation and
implementation of the "Guidelines for the National
Fitness Program" and "Guiding Opinions on Accelerating the Development of the Sports Industry" provide a solid legal basis for the development of the
national fitness activities, so that the legitimate rights
and interests of the people in the national fitness activities are guaranteed. Therefore, sports policies and
regulations are the basic means for government functional departments to implement management of leisure sports. Reasonable and effective sports policies
and laws and regulations not only play a role of restraint and regulation, but also escort the vigorous
development of sports.
The humanistic environment is an invisible environment hidden in the social ontology, and it is a
subtle national soul. The spiritual level in the humanistic environment is the inner essence of leisure
sports. In the study of sports awareness, some sports
experts believe that education departments such as
schools or communities should cultivate and develop
the enthusiasm of people engaged in sports activities,
and develop the habit of exercising for life. Therefore, the humanistic environment of leisure sports refers to the material and spiritual environment and atmosphere formed by the culture and various ideological field activities left in the development of leisure
sports. Therefore, natural factors, social factors and
the interrelationships of human beings have an important impact on the sports environment.
Based on this, this study proposes a hypothetical framework for the theoretical construction of environmental factors for leisure sports development.
This study believes that the leisure sports development environment mainly includes the two systems
of ecological environment and social environment.
The ecological environment of leisure sports development environment mainly includes geological environment, climatic environment and water resources environment. The social environment of leisure sports mainly includes population environment,
infrastructure environment, institutional environment and human environment.
Thoughts on the development of leisure
sports industry ecology. In response to the ecosystem thinking, the corresponding countermeasures for
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the development of the leisure sports industry should
be proposed in the context of industrial integration.
Strengthen brand casting. In the context of
sports and leisure activities becoming more and
more important choices for people's leisure time, we
should focus on cultivating and strengthening China's sports and leisure network brand. It may consider setting up sports and leisure organizations or
specialized institutions in the country and in various
places, and on this basis, build a real sports leisure
authority website. Secondly, through policy-oriented, capital investment and other means, we will
increase the support for some sports leisure enterprises and their websites with advanced concepts and
excellent services, make full use of local characteristics and advantages, and form distinctive brand columns and brand products. At the same time, improve
the domain name and slogan, and carry out multilevel and all-round cooperation with the sports and
leisure authorities at all levels and the news media at
all levels to create a regional sports and leisure network brand.
Construction of the ecological value chain of
leisure sports industry. The leisure sports industry is
an industrial cluster that combines many industries
that can meet the needs of mass leisure sports according to people's consumption motives, and has the
characteristics of a commercial ecosystem. Relying
on leisure sports, we will extend the industrial value
chain and use the brand to develop various derivatives to gain a wider profit margin. Through the use
of economies of scale, the integration of many corporate resources within the group will be realized,
the competition will be reshaped, and new ideas and
plans for value development will be further stimulated. Through creative planning, some other commercial sports leisure activities will be commercialized, and the advantageous resources of other industries will be integrated for the leisure sports industry
to realize the operation of the leisure sports industry
chain.
Adjust the supply and demand structure. Pay
attention to the timeliness, authenticity and entertainment of sports and leisure related information.
From the production and supply side of sports and
leisure information, improve the timeliness and entertainment of authoritative websites, so that authoritative websites can improve their update speed and
make them more readable and visible under the
premise of ensuring the authority of information.
Sex. At the same time, strengthen exchanges and cooperation with commercial websites, and pay attention to the improvement of product and service quality. Strengthen the network sharing of special resources such as sports leisure, health care and tourism, establish a sports leisure network ecosystem,
and optimize the allocation of sports leisure resources.
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Emphasis on talent training. Under the framework of telecom communication theory, comprehensively demonstrate its development background,
brand building, network layout, marketing strategy
and talent demand, and construct an overall framework of sports network disciplines with Chinese industry-specific universities, including sports and leisure networks. The inherent law of the sports network, the construction of a scientific and feasible
sports network discipline system. At the same time,
students of relevant majors and practitioners in the
sports and leisure industry are trained in various
forms to meet the needs of the growing number of
sports network composite talents.
CONCLUSIONS
There is still no clear definition of "leisure
sports" at home and abroad. Some scholars have
summarized the sports environment from the perspective of ecosystems as a general term for all natural and social conditions that are related to each
other, mutually restrictive, and mutually reinforcing.
As an ecological system coexisting with multiple industries, the leisure sports industry is in the entire
ecological business system. It is a complex system in
itself. Its value development requires multiple “subsystems” to realize the leisure sports industry
through “module integration”. Comprehensive development. In order to survive and develop, the industry should cooperate to create and maintain a
symbiotic business ecosystem. Therefore, from the
perspective of cultural ecosystem, it is necessary to
deeply analyze the mechanism, process, construction
factors and influencing factors of the production and
development of leisure sports culture.
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interaction. It is an open and compound social
economic system[1]. As China is still in the stage of
exploring the carbon emission trading, the
qualitative analysis on the competitiveness system
components of the carbon emission exchanges, its
multiple incidence relationand the establishment of
the theoretical framework for the system should be
explored from the trading practice[2]. This paper
makes quantitative description on the contribution
degree of the interaction among the elements,
interaction degree towards the whole system, and
deeply analyzes and reveals the system structure
and multiple incidence relation between the system
structure and element[3].
This paper establishes structure model of the
carbon emission exchange through the fuzzy
relation
matrix
based
on
multiattribute
competitiveness system[4]. Based on the further
calculation on the contribution of the elements and
their attributes towards the system, this paper
objectively analyzes the status and cause of the
elements in the competitiveness system[5]. Finally,
it applies the labeling method for maximum flow of
the network in the graph theory, and finds out the
optimal influence link among elements in the
system[6]. The analysis and conclusion about the
competitiveness structure of the carbon emission
exchanges lays solid foundation for further study on
the trading and operating mechanism of the carbon
emission right, and also provides basis for the
government decision makers to formulate related
policies.

ABSTRACT
Establish fuzzy relation matrix of the
competitiveness system structure of the carbon
emission exchange, quantitatively describe the
internal structure of the system, and calculate the
contribution of the elements and attributes in the
system, and analyze the status and cause of the
elements in the system based on the contribution
degree, and confirm the core influential element
status of the market competitiveness and resource
competitiveness in the competitiveness system of
the carbon emission right. The results show that, the
self-enhancement mechanism of the exchange
competitiveness, formed by taking the market
competitiveness, resource competitiveness and
external environment as the subjects, as well as all
these three elements regarded as a premise for each
and their mutual motivation, is the internal impetus
spring for realizing the self-promotion of the
competitiveness of the carbon emission exchanges.
KEYWORDS:
Carbon emission, Multiattribute, Competitive power

INTRODUCTION
Under the background of the international
climate negotiation, China faces great pressure of
domestic economic development and the
greenhouse gas reduction. To reduce the emission
rate of the greenhouse gas to a great extent, China
has already established 7 carbon emission
exchanges. Tianjin Carbon Emission Exchange,
Beijing Environment Exchange, Shenzhen Carbon
Emission Exchange, Guangzhou Carbon Emission
Exchange, Shanghai Environment Exchange,
Chongqing Carbon Emission Exchange, and Hubei
Carbon Emission Exchange. The operation of the
carbon emission exchanges is aimed at pushing the
enterprises to actively reduce the emission.
The competitiveness of the carbon emission
exchanges has rich connotation and many
influential factors. Besides, the relationship among
each element is complex, and they have nonlinear

MATERIALS AND METHODS
The competiveness of the carbon emission
exchanges is a complex social economic system.
The interaction relation between internal elements
cannot be simply described through either 0 or 1.
As FRM not only can comprehensively and
accurately describe the relationship and interaction
degree between the elements, but also is convenient
for mathematical processing, this paper selects
multiattribute system structure modeling and
analysis method. The establishment of FRM and the
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analysis of the system structure are the main steps
of this method[7].

then achieve the fuzzy relation matrix

Establishment of fuzzy relation matrix of
multiattribute system structure. Establish FRM
hypothesis of “element-attribute”.The system has n
components, which are marked s1 , s2 ڮ, sk , ڮ, sn ,

kl
RS  A = ((ri ) n ) × ¦ mk

R S  A of

“element – attribute”.
n

i, k =1,2,ڮ, n ;

k 1

n

k= 1,2, ڮ, n ; the k element of the system has
mk attributes; the I attribute of the k element is

l =1,2,ڮ, mk ,

¦r

kl

=1

i

k 1

(3)

Establish FRM of “element – attribute”.
Decompose the direct influence degree of “element
– attribute” into the direct influence degree of
“attribute – attribute”[9]. Namely, decompose the

marked ak 1 , l = 1, 2, ڮ, mk , so the steps for
establishing the FRM of the system elements
towards the attributes are as follows:
Regard ak 1 as the base. We suppose nk other

ri kl of element s1 towards
the l attribute of element sk into direct influence

direct influence degree

elements have direct impact on nk , and then carry
out parewise comparison on nk other elements, and
apply 1-9 proportional scaling to describe their
influence on ak 1 , and then achieve the judgment

respectively. The specific method is: take

matrix below:

base, and mark the influence weight vector of

k
l

A

( a ) nk *nk
kl
ij

mi attributes a ij of si on alk

degree of

i, j 1, 2, , nk

attributes

k
l

judging the matrix A

a of si as:
mi

O

O ij =(O1iˈO2iˈ
ˈOmi )T

kl

(r1klˈr2klˈ
klk )T

rijkl =O ij u ri kl

comprehensively
vector r kl .

represented by RDlk . The contribution degree of

k =1,2,ڮ, n ;

the element sk towards the system is represented

(2)

The influence of n elements on
reflected

by

the

(6)

alk of the element s k towards the system is

the subscript of the eigenvector. The eigenvector
can be written in the following form:

l =1,2,ڮ, mk

k 1

Analysis on system structure. Calculate the
contribution degree of each element and its attribute
towards the system.The contribution of the attribute

kl

ˈr ˈ
r )

i 1

i, k =1,2,ڮ, n ; j =1,2,ڮ, mi ; l =1,2, ڮmk

r0kl to: r = ª¬ (r0 ), 0 º¼ . Recompile

r kl = ( r

n

RA A =(r )(¦ mi ) u (¦ mk )

alk , so it is marked vector 0. Expand the

kl T
n

n

kl
ij

judgment matrix.
Other ( n  nk ) elements do not have impact

kl
2

(5)

Thus, FRM of “attribute – attribute” can be
achieved. That is:

C.I. and the average random consistency index R.I.
is less than 0.1, it meets the consistency check;
otherwise, return to Step 1, and adjust the original

kl
1

mi attributes

respectively are:

a .

kl

(4)

a ( j =1,2ˈ ڮmi ) of the i element towards alk

k
l

eigenvector

i
j =1

i
j

Carry out consistency check on the judgment
matrix Alk [8]. If the ratio C.R. of consistency index

on

j 1

The direct influence degree of
.

r0kl reflects the influence degree of the nk element
on

¦O

and its corresponding

eigenvector r0 , i.e. r0kl =

mi

i
j

(1)
kl
max for

Seek the maximum eigenvalue

alk as the

k

by RD .

alk is

Define the

RDlk as the ratio of the input and

expanded
output information of

Repeat the above steps, and take each attribute
of n elements as the reference point, adopt the
pairwise comparison, recompile the subscript, and

k
l

RD
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In this formula,

Olk not only refers to the

output information of

alk towards the system, but

also reflects the dominating status of
all other elements.
information of

alk towards

For a , suppose it is affected by
and it also has impact on

alk accepts.

Element composition and attributes of the
system. Based on the market externality theory and
the comprehensive consideration for the operation
of the carbon emission exchanges, it turns out that
the competitiveness system of the carbon emission
exchanges is composed of six elements, i.e[13].
market competitiveness, resource competitiveness,
external environment, deal scale, trading rule
design capability, technology service level[14].
Each element has several attributes. They can be
described by several attributes. The brief
description for the elements and attributes are as
follows:
The market competitiveness s1 refers to the

k
l

p attributes,

k
l

q other attributes.

n

p ¦ (ri1kl  rikl2    rijkl    rimkl ) =

I

i

i 1

n

plk

ANALYSIS
ON
COMPETITIVENESS
SYSTEM STRUCTURE OF THE CARBON
EMISSION EXCHANGES

alk towards the system, and reflects

k
l

Therefore,
k
k
l = l

elements si and s k , adopt the shortest route method
in the graph theory.

I lk represents the input

the distribution status of other elements

mi

¦¦ r

kl
ij

(8)

i 1 j 1

n

t1
kl

¦ (r

Olk = qlk

 rklt 2    rklts    rkltms ) = qlk

capability of utilizing the superior resource to
provide competitive advantage for the market. it is
used to describe the attributes of the market
competitiveness, including carbon emission
capability, enterprise contractual capacity, carbon
finance innovation capability, covered industry
categories, and market supervision capability[15].
The resource competitiveness s2 refers to the

t 1

n

ms

¦¦ r

ts
kl

(9)

t 1 s 1

Regarding

mk attributes of the element s k ,

adopt pairwise comparison, and achieve the
corresponding weight wlk , l =1, 2, ڮ, mk of each

source power possessed by the exchanges to
support the future development. It is used to
describe the attributes of the resource
competitiveness, including professional talent
teams, international cooperation capability, and
capital attracting capability. The external
environment s3 refers to the external force serving

alk , and then confirm the contribution
degree of the element s k towards the system:

attribute

mk

k

RD =

¦w

k
l

u RDlk

(10)

l 1

Influence degree between elements.The
influence degree between S1 and Sk is divided into

the sound and ordered development of the
exchanges. It is used to describe the attributes of the
external environment, including geographic
position, industrial development level, government
support strength, laws and regulation improvement
degree. The trading environment refers to the
current background environment that influences the
future trading status. s4 includes strength of third-

direct and indirect influence degree [11]. The direct
influence degree is marked R and rik . The specific
formula is:
mk

R = (¦ wlk ri kl ) nun i, k =1,2ˈ ڮn
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(11)

l 1

The indirect influence degree refers the
maximum influence degree of the element si on

party trustee agency, strength of CDM project, and
trading activity degree.
The deal scale s5 refers to the deal status of

the element s k through the route composed by
several middle elements, which is marked RP. Use
the digraph D (V, A, R) to describe the fuzzy
relation matrix R[12]. The components of the
system constitute the point set V. All elements with
relation constitute arc set A for ( si , s k ); R is the

the current carbon trading in the exchanges. It is
used to describe the attributes of the deal scale,
including total turnover, total trading amount,
transaction price, and the number of accounts. The
trading rule design capability s6 refers to the
policies and rules that should be abided by the
enterprises and exchanges during the trading of the
carbon emission rights. Both parties complete the

weight set corresponding to the arc set A.
Regarding the indirect influence degree between the
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trade under the pre-determined rule framework. The
stronger trading rule design capability can attract
more enterprises. It is used to describe the attributes
of the trading rule design capability, including
carbon emission right distribution method, handling
charge standard, trading mechanism, operation
mode, etc.
The technology service level s7 refers to the
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SYSTEM ELEMENT
STATUS AND CAUSE ANALYSIS
The main index for quantitatively judging the
status of each element in the system is the
contribution degree of the element When the
system contribution degree of the element >1, it
indicates that, relative to other elements, this
element is in the control and granting status in the
operation process. On the contrary, if the system
contribution <1, it indicates that the element shows
small impact on the operation of the system, and it
is in the status of being controlled and being
granted.
From the analysis on the contribution value of
each element in Table 1, it can be seen that the
contribution degree of s1 and s 2 is 2.007 and 2.047
respectively, which is far more than 1. It indicates
that both elements are in the dominating status in
the competitiveness system of carbon emission
exchanges compared with other elements, and they
are the core influential elements of the system,
which takes a dominant role in the operation of the
system. The function improvement of s1 and s 2 , and
the interaction coordination between them can serve
as a multiplier to promoting the overall function of
the competitiveness system of the carbon emission
exchanges.
The system contribution degree of s 6 and s 7
is 1.362 and 1.583 respectively, which are more
than 1. Therefore, it indicates that to constantly
improve the technology service level and input the
trading rule design capability at this stage will
achieve significant effect on improving the
investment environment of the domestic exchanges
and promoting the competitiveness of the carbon
emission trading.
With the increasing of our domestic pressure
from energy conservation and emission reduction,
s3 and s 4 are regarded as the core competitiveness

capability of constantly improving the trading
platform and updating the technology. It is used to
describe the attributes of the technology service
level, including carbon emission supervision level,
carbon emission calculation level, carbon emission
inspection level, and construction of electronic
trading platform.
Calculate the contribution rate of
“attribute-attribute”.
This
paper
adopts
questionnaire to investigate 24 experts and scholars
of 7 carbon emission exchanges, conducts comprehensive weight processing on the investigation
results, and achieves the influence relationship of
“element - attribute” and “attribute - attribute”, and
the judgment matrix of the influence degree. Then,
apply the above mentioned fuzzy relation and
system structure modeling method, calculate and
achieve the fuzzy relation matrix RA-A (see Table
1) of the competitiveness system of the carbon
emission exchanges based on “attribute – attribute”.
Calculation result of each element. On this
basis, the contribution degree of each element and
its attribute can be calculated through Formula (7)
and (10). The results are shown in Table 1. Through
Formula (11) and the shortest route method,
calculate the direct and indirect influence degree
between elements, and achieve the results shown in
Table 2.

for forming the carbon emission exchanges and the
innovative elements for boosting the rapid
development of the carbon emission trading.
TABLE 1
Contribution degree of the system element and attribute
S1
S2
S3
S4
A11 A12 A13 A14 A15 A21 A22 A23 A31 A32 A33 A34 A41 A42 A43
Attribute contribution 0.324 1.795 1.542 0.827 3.574 1.973 1.992 2.377 0.572 0.710 0.251 0.662 1.290 0.208 0.406
Attribute Weight 0.071 0.286 0.214 0.143 0.286 0.4 0.4 0.2 0.286 0.286 0.142 0.286 0.546 0.182 0.273
Factor contribution
2.007
2.047
0.592
0.856
S5
S6
S7
A51 A52 A53 A54 A61 A62 A63 A64 A71 A72 A73 A74
Attribute contribution 1.134 0.517 0.056 0.751 1.785 1.850 0.360 0.162 0.832 2.140 0.856 1.652
Attribute Weight 0.351 0.189 0.109 0.351 0.351 0.351 0.189 0.109 0.109 0.351 0.189 0.351
Factor contribution
0.765
1.362
1.583
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S1
R1
RP1
0
0.186 0.244
0.276 0.276
0.110 0.183
0.125 0.185
0.154 0.156
0.147 0.244

Fresenius Environmental Bulletin

TABLE 2
Direct/indirect influence degree between system elements
S2
S3
S4
S5
S6
R2
RP2
R3
RP3
R4
RP4
R5
RP5
R6
RP6
0.296 0.296 0.383 0.383 0.284 0.284 0.340 0.340 0.260 0.275
0
0.216 0.216 0.225 0.225 0.201 0.201 0.233 0.233
0.068 0.068
0
0.087 0.280 0.101 0.306 0.090 0.267
0.181 0.181 0.072 0.266
0
0.073 0.249 0.030 0.218
0.085 0.234 0.090 0.266 0.124 0.229
0
0.223 0.223
0.153 0.189 0.089 0.244 0.099 0.210 0.130 0.230
0
0.217 0.217 0.149 0.216 0.182 0.221 0.155 0.209 0.165 0.225

However, from Table 2, the contribution of
s3 and s 4 is relatively low, less than 1. This paper
holds that, the main cause lies in that our current
carbon emission trading is still in the exploration
stage, and the enterprises represented by CDM
project development show up for the first time. To
cultivate the elements required for the future
development of the legal environment and realize
the transformation from the external environment
and trading environment advantage to the
competitiveness element requires relatively longterm accumulation and practice process.
From the analysis on the above system element
status and cause, it is believed that the market
competitiveness and resource competitiveness are
the
core
influential
elements
for
the
competitiveness of the carbon emission exchanges,
and the interaction between them determines the
overall development progress and evolution
direction of the system.

S7
R7
RP7
0.297 0.297
0.259 0.259
0.126 0.286
0.113 0.217
0.039 0.234
0.165 0.165
0

During the exploration on the internal dynamic
promotion mechanism of the competitiveness of the
carbon emission exchanges, it can be seen that the
interaction among s1 , s 2 and s3 can form a
complete loop: s1 ĺ s 2 ĺ s3 ĺ s1 . This process
indicates that, the self-enhancement mechanism of
the exchange competitiveness, formed by taking the
market competitiveness, resource competitiveness
and external environment as the subjects, as well as
all these three elements regarded as a premise for
each and their mutual motivation, is the internal
impetus spring for realizing the self-promotion of
the competitiveness of the carbon emission
exchanges.
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RESULTS
Although there is complex and multiple
incidence relation between the elements in the
competitiveness system of the carbon emission
exchanges, the core of the market competitiveness
and resource competitiveness, interaction between
them, and the interaction between them and other
elements inside the system constitute the subject of
the
internal
incidence
relation
of
the
competitiveness of the carbon emission exchanges.
From the analysis on the optimal influential
link of each element, it can be seen that the
promotion of s1 will directly drive the
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WDQQLFDFLG

WDUJHWPDUNHW

WD[RQRP\

W%ODVW[

7KUHHGLPHQVLRQDOJUHHQODQGVFDSH

7LDQMLQSRUW

7RPDWR

7RPDWRHV/HDI'LVHDVHV

WRWDODHURELFPHVRSKLOLFEDFWHULD 70$% 


8
XOWUDVRQLFFDWDO\WLF

8UEDQFRQVHUYDWLRQ

8UEDQFRQVWUXFWLRQODQGDUHD

8UEDQGHYHORSPHQW


9
9DOXHDFFRXQWLQJ

9DOXHPHDVXUHPHQW

YDULHWLHV


:
:DOQXW2LO

:DWHU

:DWHUUHVRXUFHV

:DYHOHWDQDO\VLV


<

;XMLDKH)RUPDWLRQ
<DQFKDQJ)RUPDWLRQ

<LHOG


=
=Q213V


«
VU'1$





WDQ
WDUJ
WD[
W%O
7KU
7LD
7R
7R
WRWD





7RXULVP
7RXULVPSODQQLQJPRGHO
7RXULVWSHUFHSWLRQ
7UDFHHOHPHQWV
WUDQVIHUOHDUQLQJ
7UDQVLHQWVKHDUVWUHQJWK
7UHHDJH
7URPEHZDOO
7XUNH\










 
 

8UEDQHQYLURQPHQW
8UEDQUXQRII
XUEDQUXUDOIULQJH]RQH





 
 
9HJHWDWLRQHQYLURQPHQWUHODWLRQVKLS
9LFLDIDED/
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:HVWHUQ6LFKXDQ'HSUHVVLRQ
:KHDW
ZROIFRORQ\DOJRULWKP
ZRRGGHQVLW\






\LHOGDQGLWVFRPSRQHQWV
\LHOGSURGXFWLRQ




=RQLQJ



'SULQWLQJ
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)(%±*8,'()25$87+256
UHVHDUFK DEVWUDFWV VKRXOG UHSRUW LQ D IHZ EULHI
VHQWHQFHV RQHIRXUWK WR RQH SDJH  SDUWLFXODUO\
VLJQLILFDQW ILQGLQJV 6KRUW DUWLFOHV E\ UHODWLYH
QHZFRPHUV WR WKH FKHPLFDO LQQRYDWLRQ DUHQD
KLJKOLJKWWKHNH\HOHPHQWVRIWKHLU0DVWHUDQG3K'
ZRUNVLQDERXW,SDJH
%RRN 5HYLHZV DUH QRUPDOO\ ZULWWHQ LQKRXVH EXW
VXJJHVWLRQVIRUERRNVWRUHYLHZDUHZHOFRPH

3UHSDUDWLRQRIPDQXVFULSW
'HDUDXWKRUV
)(%LVDYDLODEOHERWKDVSULQWHGMRXUQDODQGDVRQOLQH
MRXUQDO RQ WKH ZHE <RX FDQ QRZ HPDLO \RXU
PDQXVFULSWV ZLWK DQ DWWDFKHG ILOH 6DYH ERWK WLPH
DQG PRQH\ 7R DYRLG DQ\ SUREOHPV KDQGOLQJ \RXU
WH[WSOHDVHIROORZWKHLQVWUXFWLRQVJLYHQEHORZ
:KHQSUHSDULQJ\RXUPDQXVFULSWVKDYHWKHIRUPXOD
.66 .HHS ,W 6LPSOH DQG 6WXSLG  LQ PLQG 0RVW
ZRUGSURFHVVLQJSURJUDPVVXFKDV06:RUGRIIHUD
ORWRIIHDWXUHV6RPHRIWKHPFDQGRVHULRXVKDUPWR
RXUOD\RXW6RSOHDVHGRQRWLQVHUWK\SHUOLQNVDQGRU
DXWRPDWLF FURVVUHIHUHQFHV WDEOHV RI FRQWHQWV
UHIHUHQFHVIRRWQRWHVHWF
 3OHDVH XVH WKH VWDQGDUG IRUPDW IHDWXUHV RI \RXU
ZRUGSURFHVVRU VXFKDVVWDQGDUGGRWIRU06:RUG 
3OHDVHGRQRWLQVHUWDXWRPDWLVPVRUVHFUHWOLQNXSV
EHWZHHQ\RXUWH[WDQG\RXUILJXUHVRUWDEOHV7KHVH
IHDWXUHV ZLOO GULYH RXU JUDSKLF GHSDUWPHQW
VRPHWLPHVPDG
3OHDVHRQO\XVHWZRIRQWVIRUWH[WRUWDEOHV
7LPHV1HZ5RPDQDQGIRUJUDSKLFDOSUHVHQWDWLRQV
$ULDO
6W\OHVKHHWVWH[WWDEOHVDQGJUDSKLFVLQVKDGHRI
JUH\
 7XUQ RQ WKH DXWRPDWLF ODQJXDJH GHWHFWLRQ LQ
(QJOLVK $PHULFDQRU%ULWLVK 
 3OHDVH  FKHFN \RXU ILOHV IRU YLUXVHV EHIRUH \RX
VHQGWKHPWRXV
0DQXVFULSWVVKRXOGEHXSORDGHGRQRXUZHEVLWH
SUWSDUODUGH
7KDQN\RXYHU\PXFK

*HQHUDO
)(% DFFHSWV RULJLQDO SDSHUV UHYLHZ DUWLFOHV VKRUW
FRPPXQLFDWLRQVUHVHDUFK DEVWUDFWV IURP WKH HQWLUH
VSKHUH RI HQYLURQPHQWDOFKHPLVWU\ELRORJ\
PLFURELRORJ\ WHFKQRORJ\ ELRWHFKQRORJ\ DQG
PDQDJHPHQW IXUWKHUPRUH DERXW UHVLGXH DQDO\VLV
DQGHFRWR[LFRORJ\RIFRQWDPLQDQWV
$FFHSWDQFHRUQRDFFHSWDQFHRIDFRQWULEXWLRQZLOO
EHGHFLGHGDVLQWKHFDVHRIRWKHUVFLHQWLILFMRXUQDOV
E\DERDUGRIUHYLHZHUV3DSHUVDUHSURFHVVHGZLWK
WKHXQGHUVWDQGLQJWKDWWKH\KDYHQRWEHHQSXEOLVKHG
EHIRUH H[FHSWLQIRUPRIDQDEVWUDFWRUDVDSDUWRID
SXEOLVKHGOHFWXUHUHYLHZRUWKHVLV WKDWWKH\DUHQRW
XQGHU FRQVLGHUDWLRQ IRU SXEOLFDWLRQ HOVHZKHUH WKDW
WKHLU SXEOLFDWLRQ KDV EHHQ DSSURYHG E\ DOO FR
DXWKRUVLIDQ\DVZHOODVWDFLWO\RUH[SOLFLWO\E\WKH
UHVSRQVLEOH DXWKRULWLHV DW WKH LQVWLWXWH ZKHUH WKH
ZRUNKDVEHHQFDUULHGRXWDQGWKDWLIDFFHSWHGLWZLOO
QRW EH SXEOLVKHG HOVHZKHUH LQ WKH VDPH IRUP LQ
HLWKHU WKH VDPH RU DQRWKHU ODQJXDJH ZLWKRXW WKH
FRQVHQWRIWKHFRS\ULJKWKROGHUV

/DQJXDJH
3DSHUV PXVW EH ZULWWHQ LQ (QJOLVK 6SHOOLQJ PD\
HLWKHU IROORZ $PHULFDQ :HEVWHU  RU %ULWLVK
2[IRUG XVDJHEXWPXVWEHFRQVLVWHQW$XWKRUVZKR
DUH OHVV IDPLOLDU ZLWK WKH (QJOLVK ODQJXDJH VKRXOG
VHHNDVVLVWDQFHIURPSURILFLHQWFROOHDJXHVLQRUGHUWR
SURGXFH PDQXVFULSWV WKDW DUH JUDPPDWLFDOO\ DQG
OLQJXLVWLFDOO\FRUUHFW

6L]HRIPDQXVFULSW
5HYLHZ DUWLFOHV VKRXOG QRW H[FHHG  W\SHZULWWHQ
SDJHV,QDGGLWLRQXSWRILJXUHVPD\EHLQFOXGHG
2ULJLQDO SDSHUV PXVW QRW H[FHHG  W\SHZULWWHQ
SDJHV,QDGGLWLRQXSWRILJXUHVPD\EHLQFOXGHG
6KRUW&RPPXQLFDWLRQV VKRXOG EH OLPLWHG WR 
W\SHZULWWHQSDJHVSOXVQRWPRUHWKDQLOOXVWUDWLRQ
6KRUW GHVFULSWLRQV RI WKH DXWKRUV SUHVHQWDWLRQ RI
WKHLUJURXSVDQGWKHLUUHVHDUFKDFWLYLWLHV ZLWKSKRWR 
VKRXOGWRJHWKHUQRWH[FHHG,W\SHZULWWHQSDJH6KRUW
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25,*,1$/3$3(56
O$XWKRU11DQG$XWKRU11 <HDU )XOOWLWOHRI
WKHDUWLFOH-RXUQDODQG9ROXPHILUVWDQGODVWSDJH

%22.25352&((',1*
 6XUQDPH 1 6XUQDPH 11 6XUQDPH 11
6XUQDPH 1 <HDU  7LWOH RI WKH FRQWULEXWLRQ ,Q
7LWOHRIWKHERRNRUSURFHHGLQJ9ROXPH3XEOLVKHU
&LW\ILUVWDQGODVWSDJH


'2&725$/7+(6,6
$XWKRU11 <HDU 7LWOHRIWKHWKHVLV8QLYHUVLW\
DQG)DFXOW\&LW\

8138%/,6+(':25.
3DSHUVWKDWDUHXQSXEOLVKHGEXWKDYHEHHQVXEPLWWHG
WR D MRXUQDO PD\ EH FLWHG ZLWK WKH MRXUQDO V QDPH
IROORZHG E\ LQ SUHVV +RZHYHU WKLV SUDFWLFH LV
DFFHSWDEOH RQO\ LI WKH DXWKRU KDV DW OHDVW UHFHLYHG
JDOOH\SURRIVRIKLVSDSHU,QDOORWKHUFDVHVUHIHUHQFH
PXVW EH PDGH WR ³XQSXEOLVKHG ZRUN RU SHUVRQDO
FRPPXQLFDWLRQ

'LVFXVVLRQ DQG &RQFOXVLRQ 7KLV SDUW VKRXOG
LQWHUSUHW WKH UHVXOWV LQ UHIHUHQFH WR WKH SUREOHP
RXWOLQHG LQ WKH LQWURGXFWLRQ DQG RI UHODWHG
REVHUYDWLRQVE\WKHDXWKRUVRURWKHUV,PSOLFDWLRQV
IRUIXUWKHUVWXGLHVRUDSSOLFDWLRQPD\EHGLVFXVVHG
$ FRQFOXVLRQ VKRXOG EH DGGHG LI UHVXOWV DQG
GLVFXVVLRQDUHFRPELQHG

&RUUHVSRQGLQJDXWKRU7KHQDPHRIWKH
FRUUHVSRQGLQJDXWKRUZLWKFRPSOHWHSRVWDODGGUHVV


6758&785(2)7+(0$186&5,37
7LWOHSDJH7KHILUVWSDJHRIWKHPDQXVFULSWVKRXOG
FRQWDLQWKHIROORZLQJLWHPVLQWKHVHTXHQFHJLYHQ$
FRQFLVH WLWOH RI WKH SDSHU QR DEEUHYLDWLRQV  7KH
QDPHV RI DOO DXWKRUV ZLWK DW OHDVW RQH ILUVW QDPH
VSHOOHG RXW IRU HYHU\ DXWKRU 7KH QDPHV RI
8QLYHUVLWLHV ZLWK )DFXOW\ &LW\ DQG &RXQWU\ RI DOO
DXWKRUV
$EVWUDFWV 7KH VHFRQG SDJH RI WKH PDQXVFULSW
VKRXOGVWDUWZLWKDQDEVWUDFWWKDWVXPPDUL]HVEULHIO\
WKH FRQWHQWV RI WKH SDSHU H[FHSW VKRUW
FRPPXQLFDWLRQV ,WVOHQJWKVKRXOGQRWH[FHHG
ZRUGV7KHDEVWUDFWVKRXOGEHDVLQIRUPDWLYHDV
SRVVLEOH$QH[WHQGHGUHSHWLWLRQRIWKHSDSHU VWLWOH
LVQRWFRQVLGHUHGWREHDQDEVWUDFW
.H\ZRUGV%HORZWKH6XPPDU\XSWRNH\ZRUGV
KDYH WR EH SURYLGHG ZKLFK ZLOO DVVLVW LQGH[HUV LQ
FURVVLQGH[LQJ\RXUDUWLFOH

,QWURGXFWLRQ7KLVVKRXOGGHILQHWKHSUREOHPDQG
LISRVVLEOHWKHIUDPHRIH[LVWLQJNQRZOHGJH3OHDVH
HQVXUHWKDWSHRSOHQRWZRUNLQJLQWKDWSDUWLFXODUILHOG
ZLOO EH DEOH WR XQGHUVWDQG WKH LQWHQWLRQ 7KH ZRUG
OHQJWK RI WKH LQWURGXFWLRQ VKRXOG EH  WR 
ZRUGV

0DWHULDOVDQGPHWKRGV
3OHDVH EH DV SUHFLVH DV SRVVLEOH WR HQDEOH RWKHU
VFLHQWLVWVWRUHSHDWWKHZRUN

5HVXOWV2QO\PDWHULDOSHUWLQHQWWRWKHVXEMHFWPXVW
EHLQFOXGHG'DWDPXVWQRWEHUHSHDWHGLQILJXUHVDQG
WDEOHV

$FNQRZOHGJHPHQWV
$FNQRZOHGJHPHQWV
RI
ILQDQFLDOVXSSRUWDGYLFHRURWKHUNLQGRIDVVLVWDQFH
VKRXOG EH JLYHQ DW WKH HQG RI WKH WH[W XQGHU WKH
KHDGLQJ $FNQRZOHGJHPHQWV 7KH QDPHV RI
IXQGLQJRUJDQLVDWLRQVVKRXOGEHZULWWHQLQIXOO

5HIHUHQFHV 5HVSRQVLELOLW\ IRU WKH DFFXUDF\ RI
UHIHUHQFHVUHVWVZLWKWKHDXWKRUV5HIHUHQFHVDUHWR
EHOLPLWHGLQQXPEHUWRWKRVHDEVROXWHO\QHFHVVDU\
5HIHUHQFHV VKRXOG DSSHDU LQ QXPHULFDO RUGHU LQ
EUDFNHWV DQG LQ RUGHU RI WKHLU FLWDWLRQ LQ WKH WH[W
7KH\ VKRXOG EH JURXSHG DW WKH HQG RI WKHSDSHU LQ
QXPHULFDORUGHURIDSSHDUDQFH$EEUHYLDWHGWLWOHVRI
SHULRGLFDOVDUHWREHXVHGDFFRUGLQJWR&KHPLFDORU
%LRORJLFDO $EVWUDFWV EXW QDPHV RI OHVVHU NQRZQ
MRXUQDOVVKRXOGEHW\SHGLQIXOO5HIHUHQFHVVKRXOG
EHVW\OHGDQGSXQFWXDWHGDFFRUGLQJWRWKHIROORZLQJ
H[DPSOHV













