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/HLS]LJ+DOOH*PE+ Environmental Proteomic
3HUPRVHUVWU 'U$)DQRXV
/HLS]LJ*HUPDQ\
+DODO&RQWURO*PE+
3URI'U,+RORXEHN 6WDKOVWUDH
5HFHWR[7RFRHQ
'5VVHOVKHLP*HUPDQ\
.DPHQLFH%UQR&]HFK5HSXEOLF
Environmental Education
3URI'U0+DNNL$OPD
3URI'U&%D\DW
,JGLU8QLYHUVLWHVL
<HQL<]\LOhQLYHUVLWHVL
,JGLU7XUNH\
=H\WLQEXUQX,VWDQEXO7XUNH\

Environmental Analytical Chemistry
3URI'U0%DKDGLU Environmental Medicine
/HKUVWXKOIUgNRORJLVFKH&KHPLH 3URI'U,7XPHQ
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&217(176



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

Z>d/KE^,/W^dtE&/EWZd/h>dDddZ;WDϮ͘ϱͿEDdKZK>K'/>&dKZ^/EEKZd,^d,/E&ZKD
ϮϬϭϱƚŽϮϬϭϳ͗Z'/KE>WZ^Wd/s



;LQ:HQ3LQJ\X=KDQJ

KDWZd/s^dhzK&EZK/EZK/^t'tdZ/ZZ/'d/KE/EdtKt,dh>d/sZ^;^,&YͲϬϲ
E>^E/ͲϬϴͿ



0XKDPPDG)DLVDO0DTVRRG0XKDPPDG$UIDQ$WLID0DVRRG$ELGD$ELG6\HG0RKVDQ
5D]D6KDK0XKDPPDG/XTPDQ8VPDQ=XOILTDU

EDdKz^d^dzW^EDKZW,K>K'/>&dhZ^K&^KD^zW,KK^W/^/Ed,^Khd,t^ddhZ<z

6LEHO&HQJL]1XUFLQ.LOOL

h^K&K/>z^>h'^>dZEd/sZtDdZ/>&KZDEdWZKhd/KEzKͲWZK^^/E'/EDEd</>E

-LDQ*RQJ&KXDQ+XDQJ/L¶$R:DQJ+RQJOLDQJ=KDQJ;LQ\XDQ=KDQ;XH6RQJ

&&d^K&^Yh/Zd/E'hhDZ&Zh/d:h/KE^'ZD/Ed/KEE^>/E''ZKtd, /EZW^

5DPD]DQ%H\D]<DVLQ2]JHQ,UHP3R\UD]$VOLQXU&DYGDU0XVWDID<LOGL]

yWZ/DEd>^dhzKEd,^t>>/E'E^K&dE/E'D,E/^DK&^K&dZK</EWdhEE>E'/EZ/E'

/XMXQ'LQJ<XKRQJ/LX

&&dK&Es/ZKEDEdKE^EK/>z/>K&dhZ</^,Z^^/ZW >͘'EKdzW^

)DWPD.D\DFHWLQ

^hZ&tdZYh>/dzDKE/dKZ/E'EWK>>hd/KEK&/^D/>/E>͕'zWd͕h^/E' '/^Ͳd,E/Yh^

0DMHG,EUDKLP(QJ\(OKDGGDG

K^K/KKEKD/,ZdZ/^d/^K&&ZD/E'KDDhE/dzZ>>zDddZ&KZd,KWd/KEK&>/Dd
,E'^dZd'/^͍^^dhzK&EdZ>WhE:͕W</^dE









3RPL6KDKED],VPHW%R]6KDPVKHHUXO+DT

WZKWZ/ZZ/'d/KE^,h>EE/dZK'EKZ<zdZD/EEd^K&t,dz/>E/d^KDWKEEd^

:DMLG$OL6KDK0DQ]RRU$KPDG=DKLG+XVVDLQ6KD]PD$QZDU)DURRT6KDK=DIDU+D\DW
.KDQ'HSHQJ:DQJ=KHQ<XH

Z/^<^^^^DEdK&,szDd>/EhdKy//dz/E,d>͕W/>,Es/'/Ed/KdKWhEdd
;K/E>>/͖K>KWdZͿ





0XKDPPDG,UIDQ8OODK6DMMDG$OL6DPLQD.KDOLG1DXQDLQ0HKPRRG+DIL]0XKDPPDG
$DWLI$VLI6DMMDG0XKDPPDG)DUKDQ6DHHG0XKDPPDG6KDKLG+DQLI+LUD0XTDGGDV
0XKDPPDG+DQQDQ$KPDG6\HG0XKDPPDG$OL=DKLG0XKDPPDG$UVKDG$VDG$EGXOODK
1LPUD$OWDI0XKDPPDG$I]DO

/E;//ͿEKWWZ;//ͿDd>ͲKZ'E/&ZDtKZ<^&KZ^KZWd/sZDKs>K&WK>zz>/ZKDd/
,zZKZKE;&>hKZEͿ



+XVVHLQ.2NRUR$GHGLEX&7HOOD2OXZDVHXQ$MLEROD6WHSKHQ2$\LND&DOLSKV=YLQRZDQGD
-DQH&1JLOD

&&dK&/&&ZEd^h^dZd^KEd,h>d/sd/KEED/EZ>EhdZ/d/KEK& ^W/E,;^W/E/K>Z>͘Ϳ/E
^K/>>^^'Z/h>dhZ



3LQDU.DONDQ,ONHU6RQPH]

WW>/d/KEK&d,'ZKhE>^ZE'K>K'/>ZZ/Ed'Zdd,EK>K'z/E'K>K'/>DKE/dKZ/E'
0LQ)DQJ)DQJ+H+RQJ\DQ:DQJ

dZD/Ed/KEK&^d<,K>Z^͛WZWd/KEK& ^dhDW'^>^WK>/z/E&KZ^dDE'DEd/ZdKZd͗
^^dhz&ZKDt^dZE><^Z'/KEK&dhZ<z

<DVDU6HOPDQ*XOWHNLQ%HNLU.D\DFDQ3HWHU0%HQWOHU
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yWZ/DEd>/Es^d/'d/KEK&t^dtdZdZdDEd^z^dDhd/>//E'D/K^dZ/<>/E'&/>dZD/

0XKDPPDG$UVDODQ=DKLG0.KDQ0XKDPPDG6XOWDQ,PUDQ$OL$DPLU6KDNRRU
0XKDPPDG+0DKPRRG0DTERRO$KPDG5HGPRQG56KDPVKLUL0XKDPPDG$,PUDQ
0XKDPPDG8.KDOLG

^dhzKE/Ed>>/'Ed^W͕Es/ZKEDEdW>EE/E'E^/'E^KEK>K'/>d,KZz

-LDKXL=KRX;XH%DL

&&dK&KD/EWW>/d/KEK&KZ'E/E/EKZ'E/&Zd/>/ZE/ZZ/'d/KEKE>dZE^WKZd
,ZdZ/^d/^/E^K/>Ͳt,d^z^dD^






5XL=KX-XQ/LX+DL\LQJ=RQJ<L[XDQ;LH6KDRMLQJ/L)DQJOL:DQJ

^dhzKEKd/E/E'sZ's>K/dz/EdhEE>zD^hZ/E'^/E'>ͲWK/Ed/Zs>K/dz

.H*DR=H\L/LX;XHELQJ/L<XMLDR/LX

^dhzKE^t'dZdDEdEKEKD/s>KWDEd




3HQJKXDQ&KHQJ

Z^Z,KEs>hd/KE/Ey^K&'ZEEK>K'/>>K'/^d/^^KEK>K'/>WZ^Wd/s
;LXKXDQ:X<DQGHQJ;XH

^KZWd/KEK&Dd,z>E>hKE/D/EDK/&/^W/K>/d&ZKDYhKh^^K>hd/KE^
2QXU7XUKDQ%HUQD.RFHU.L]LOGXPDQ<DVHPLQ7XUKDQ0HKPHW'RJDQ

^dhzKEd,KKZ/Eds>KWDEdK&Z'/KE>KEKD/͕dKhZ/^DEK>K'zKhW>/E'͗d</E',EE
WZKs/E^EyDW>





;XDQ<DQJ

^dhzKE^KZWd/KEYh/>/Z/hDK&^KZEdͲZ&Z/'ZEdW/Z^&KZ^KZWd/KEKK>/E'^z^dDWW>/d/KE

)DL]DQ6KDELU0XKDPPDG6XOWDQ6KD]LD1RRU*KXODP+XVVDLQ7DNDKLNR0L\D]DNL$DPLU
6KDNRRU5DELD.DQZDO<DVLU1LD]0XKDPPDG$,PUDQ0XKDPPDG8.KDOLG

/hZE>sZ/d/KEK&Dd,ED/^^/KE^&ZKDKD^d/t^d>E&/>>^

<DQSHQJ/L

^dhzKEdZdDEdK&K/>&/>^t'z,D/>Ky/d/KEE&>Kh>d/KE^KEKZd,K'KE>d^d
^/'E






/DQMLH:DQJ

d,s>KWDEdK&KdKZ&/^,͕'ZZZh&;,<>͕ϭϴϰϯͿ͕>ZsEd,&&dK&dDWZdhZKEd,/Z
'ZKtd,



3LQDU&HOLN

yWZ/DEd>^dhzE&/>WW>/d/KEK&EKs>Ed/Ͳ,/',dDWZdhZEs/ZKEDEd>&Z/E>ztdZ
^Z/>>/E'&>h/
-XQ\L/LX*RQJUDQJ/L<H;LD

/&&ZEdZ^WKE^dKD/hD^dZ^^DKE'WEhd h>d/sZ^
-XQ/LX+DL\LQJ=RQJ

WW>/d/KEZ^Z,K&Zd/&//>/Ed>>/'Ed,EK>K'z/EW,z^/>hd/KE͗^KEK>K'/>
d,KZz
&KRQJ.RQJ-LH3LQJ;LDQFKDQJ=KHQJ

,dZK^/^͕KD/E/E'/>/dzE'Ed/KE/EdKDdKhEZ,d^dZ^^KE/d/KEh^/E'>/Eпd^dZ
Dd,K
7DUHN$6KDODE\0RKDPHG6$O6DLNKDQ

EK/^^hWWZ^^/KEDd,KK&KEts/EhD'Ed/&/>^KEWd/s>D^>'KZ/d,D/EDZ/E
>dZKD'Ed/Es/ZKEDEdDKE/dKZ/E'
.DL=DQJ=RQJNDL-LDQJ+RQJER/LX/L\DR/L:HLIX*DR7HQJ&KHQ

WDϮ͘ϱKEEdZd/KEWZ/d/KEDd,Kh^/E',K^ddEdtKZ</E/'dEs/ZKEDEd

-LDQ<DQJ;LDQJ=KHQJ/LVKD0RX6KXPX/LX
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ZhZ>>E/E&KZDd/KEydZd/KE^KE/DWZKs>sϯнEdtKZ</E,/',Z^K>hd/KEZDKd
^E^/E'/D'



-XQ\D<DQ6KDQJFDL0D

zED/DKE/dKZ/E'K&K>K'/>Es/ZKEDEdYh>/dzK&>EKE^K>/d/KE^KEDh>d/Ͳ^KhZ
ZDKd^E^/E'dEZ^/DK>



6KDRIDQ:HL<DODQ0R3X:HQ

yWZ/DEd>^dhzKEWKZD/ZK^dZhdhZEDd,EKhZZE,ZdZ/^d/^K&^,>K&DZ/EͲ
KEd/EEddZE^/d/KEW,^



3HQJIHL/\X)HQJ0D;LQ\DQJ%DR


W>Ed;/EEDKDhDDW,KZͿD/d^/>sZEEKWZd/>^͗d,/Z,ZdZ/d/KE͕DK^Yh/dK>Zs//>
&&/z͕E/K>K'/>d/s/d/^



.KDOLG$OL.KDQ+DPHG$*KUDPK(VVDP+,EUDKLP6DGHT.$OKDJ=XEDLU$KPDG0RQD
.LODQ\+XVVQDLQ$KPHG-DQMXD+DEHHE0DQVRXU$$O6RODPL

yWZ/DEd>E>z^/^KEtdZYh>/dzK&WZKh^t'/EWK>zDZ&>KK/E'K/>&/>

$LFKXDQ/L

^dhzKE'ZKtd,^/Dh>d/KEK&^hDZ'W>EdZdKW,z>>hDDZ^hD >͘

<L/XR.DL0D6KL*DR=KDR%LQJ+DR=KDR-LDQ)HQJ=KDQJ0HQJ6X

WDϮ͘ϱKEEdZd/KEWZ/d/KE^KE,/ZZ,/>ddEd/KE>^dD/E/'dEs/ZKEDEd

'RQJ[LD4LQ

d,Z^Z,KEZ/Z'/KE^>E^WK>K'/>Z^dKZd/KEd,EK>K'z͗^^dhzK&d,&Zd>
^>/E'K&^K/>dE^^K/d/KE^t/d,^K/>W,z^/K,D/>WZKWZd/^K&WKWh>h^K>>E>h,/E
d,EKZd,t^dZE,/E






+HQJVRQJ=KDR:HQ/L

WW>/d/KEK&&dKZE>z^/^Dd,K/E>h>d/KEK&/EͲ^/dh^dZ^^K&K>Z^ZsK/Z
<D:DQJ<XDQ\XDQ<L&KHQJTXDQ:DQJ

/DWdK&dDK^W,Z/&/EWZd/>WK>>hd/KEKEd,W,z^/>&/dE^^K&'zDE^d^/EKhdKKZdZ/E/E'
^KEd,'ZEEs/ZKEDEd>WZKdd/KEKEWd




-LQ/L<DQMXQ;X

^dhzKE>E^WKE^dZhd/KEK&K>K'/> 'ZE ^KEK>K'/>WZ^Wd/s

;XH%DL-LDKXL=KRX

d,hZZEdE&hdhZKDW>/EZ^K&<ZD^K<;YhZh^K/&Z >͘ͿhEZ>/Dd,E'/E
dhZ<z




$KPHW$OSHU%DEDOLN2JX]KDQ6DULND\D2PHU.DPLO2UXFX

EKs>Es/ZKEDEd>DW/Z/>Z^Z,KEd,/DWdK&^DZdd,EK>K'zKE/Eh^dZ/>Z'/KE>
WK>>hd/KEKEdZK>/Es^dDEd



-LQJZHQ$L/LMXDQ<DQJ/LQ\DQ2X\DQJ

yWZ/DEd>^dhzKEWW>/d/KE&&dK&</E'^K//&/d/KEhEZ/E/EZd/KE&>h'^
WK>>hd/KE



=KLTL-LDQJ;LGRQJ:DQJ

DK>h>Z/Ed/&/d/KEK&/ZKZEdZ/&ZKDDdZK^dd/KE^/EZ/z,

$O\D5HGKZDQ+DQD6RQERO0RQD$O7DPL6RKDLODK$ORWDLEL6DOHKD$O]DKUDQL0RQD
/DQD]L6XDDG$OZDNHHO)XDG$PHHQ

^ddh^K&^K/>EtdZWK>>hd/KEdd,>Z'^dK>D/E/E'ZK&WhE:͕W</^dE

$KPHG0XQHHE,IWLNKDU$KPDG0DQVRRU+DPHHG+XPD\XQ%DVKLU

D/ZK^KW/WKZd,ZKd,ZdZ/d/KEE>z^/^K&d/',d^E^dKEZ^ZsK/Z^/E,ĞϴDDZK&^h>/'
'^&/>͕,/E
4LDQVKHQJ:HL<RQJTLDQJ*XR6KXDL&KHQ.XQ6KL:HQSHQJ/L

dZ'd/D'dd/KE/EDZ/EEs/ZKEDEd^KEZKEdZE^&KZDE&dhZ^W/^/KE

*XDQJ\X/LX&KXDQ[L;LQJ=KHQJ\DQ6KHQ<L+XDQJ(QPLQJ=KDR
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Z^Z,KEK>K'/>W>EE/E'Dd,KK&hZEKE^dZhd/KE>E^KEKDWZ,E^/sE&/d^

%LQJVL=KX)DQJ%L

^dhzKE&dhZ>zZK&Wd/s^>d/KEWzZD/&KZ^D>>K:ddd/KE/EKDW>yEs/ZKEDEd^

;XH\LQJ<DQJ=KL\RQJ=KDQJ&KDQJ]KHQ4LX/XSLQJ:DQJ

yWZ/DEd>^dhzK&d,,zZh>/^z^dDK&d,^dd/K&&^dWh^,Ͳ/dZKdZz^dZ>Z/>>/E'dKK>&KZ
EZ'z^s/E'ZYh/ZDEd^





-LHUDQ=KX'H\RQJ=RX*XDQJTXDQ/L1LQJQLQJ<DQJ-LDMLD=KDQJ

^ddh^K&KDDZ/>&/^,Z/^/Ed,hD>h:͕Z^͕^h/Z/

<RXVRI$Oဨ5DVKDGD$EGXOODK%$O6DDG\+HVKDP$+DVVDQLHQ

Z^Z,KEK/>E'^W/W>/E&KZDd/KE^KE&hEd/KEKd;yȰͿdZE^&KZD&KhZ/Z^Z/^hEZ
Es/ZKEDEd>dZE^WKZdd/KEZYh/ZDEd^




6KXOLQ<DQJ-LH&KL;LQJ=KDQJ

Z^Z,KE^h^d/E>s>KWDEdW>EE/E'K&>KtͲZKE/dz/Ey/ΖE͕,/E

'RQJ]H/L

Z^Z,^ddh^YhKEdZEK&Z^Z,KEzED/W/>/dz^KEd,KEWdK&K>K'/>
^h^d/E/>/dz




-LQJMLH=KDR*XDQJOHL;X-LDKXL;X

yWZ/DEd>Z^Z,KEd,ZKsZzK&Z>zEKZD> Z/KWh>DKEZz&hEd/KEK&^Wd,>d^
hEZd,dDK^W,Z/,Es/ZKEDEd



+XLPHQJ/L

Z^Z,KEs/Zdh>^/Dh>d/KEK&WK>>hd/KE/&&h^/KE/EK/>WK>>hd/KE/Ed^KEEs/ZKEDEd>
WZKdd/KEKEWd



<LQJPLQ<X

s>hd/KEEKDWZ/^KEK&/&&ZEd>/&/^dZhdhZ^&KZd,'/E'K&zWZ/E/&/^,>h/^h^sKZy
;,<>͕ϭϴϰϯͿ&ZKD<Z<zD><͕dhZ<z



5]JDU)DURRT5DVKLG1XUL%DVXVWD

ddKE/sK>hd/KE,ZdZ/^d/EZ^ZsK/ZKEdZK>^/'E/&/EK&:/>Ed/Ͳ>/E,WZ^^/KE͕,dK
^/E͕,/E



:HL/L&KL\DQJ/LX6KXKXL:DQJ<X/HL<LMXQ=KRX4LQJ*XR*XRSLQJ/LDQJ:HL+DQ

K>>d/KEK&͕E^ZK>K'/>EDK>h>Zs/Z>/^^dd/KE/E>K>'Z>/;>>/hD^d/shD>͘Ϳ
^^/KE^K>>d&ZKDEKZd,ZEzWZh^



1LKDW<LOPD]+DNDQ)LGDQ

Z^Z,KEd,/E&>hEK&^h^WEWZd/h>dDddZWK>>hd/KEKEZ/KWh>DKEZz&hEd/KEK&
,/',/EdE^/dzdZ/E/E'^<d>>W>zZ^
4L\LQJ+H;LDRPLQJ/LX5XL<DR

yWZ/DEd>^dhzKEd/sd,KdtdZ&>KK/E'K&,szK/> dK/DWZKs,szK/>ZKsZz͗d<E
ϴϯ>K<K&^,E:/^/K/>&/>^EyDW>





4LQJ[LQ6RQJ

,ZdZ/d/KEK&Dh>d/ͲZh'Z^/^dEd;DZͿ^dZ/E^K&^>DKE>>EdZ/^ZKsZdzW,/
K>>d&ZKD/&&ZEd>Kd/KE^K&<,zZWh<,dhE<,t͕W</^dE



6DMMDG)D]DO6DGLD$ODP1XVUDW6DED6LGUD1D]%XVKUD-DPLO$WWLD6KDK7RTHHU$KPHG
0XKDPPDG=HHVKDQ+\GHU

s>hd/KEK&d/',d^E^dKEZ^ZsK/ZWZKWZd/^K&>d&ZKEd^h&/^/EKZK^^/E͕,/E

<DQ:DQJ<XQ/LDR<DR0D5XRJX:DQJ6KHQJ\L<DQJ

Z^Z,KEWZWdh>zED/D^hZDEdDd,KK&'ZEE^^K&hZE>E^WK>K'/>
>E^W
:HL:X:HL=KDQJ

E>z^/^K&hZEK>K'/>>E^WdzW,E'^KEDKZW,K>K'/>^Wd/>WddZEE>z^/^
Dd,K
0LQ<L:HL:X
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dZD/Ed/KEK&Zd/KE^K&^KDhW>EKddKEsZ/d/^;'K^^zW/hD,/Z^hdhD >͘Ϳ '/E^dsZd//>>/hD
,>/<>



2NWD\(UGRJDQ
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RELATIONSHIPS BETWEEN FINE PARTICULATE
MATTER (PM2.5) AND METEOROLOGICAL FACTORS IN
NORTHEAST CHINA FROM 2015 to 2017:
A REGIONAL PERSPECTIVE
Xin Wen*, Pingyu Zhang
Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, P.R. China

ABSTRACT

INTRODUCTION

The relationships between fine particulate
matter (PM2.5) and meteorological factors play a
crucial role in air pollution analysis and prevention.
This research has examined the spatio-temporal
variability of PM2.5 concentrations in Northeast
China and extracted the meteorological factors
which correlated with the local PM2.5 concentrations based on multiple linear regression (MLR)
and inverse distance weighting (IDW) from a regional perspective. The results showed that the
variation in meteorology metrics included 13 predictor variables and these could explain up to
30~50% of the daily PM2.5 variability within the
coastal areas, the Horqin Grassland and the Changbai Mountains areas. In other areas, meteorological
factors had lower influences, the coefficients of
determination being in the range 13~30%. The
individual meteorological factors which correlated
with local PM2.5 concentrations varied significantly,
the maximum air temperature, extreme wind speed,
precipitation and duration of sunshine were dominant factors in most areas of Northeast China, their
effects being quite concentrated and homogeneously distributed. However, other meteorological factors were region-dependent, where, as in the case of
relative humidity, the mean relative humidity had a
key influence on the local PM2.5 concentrations in
coastal areas and most semi-arid areas, whilst the
minimum relative humidity was the dominant meteorological driver for PM2.5 concentrations in most
humid and semi-humid areas. The results of this
study may improve our understanding of the sensitivity of PM2.5 to meteorological conditions.

With rapid development in economic activity
in China, both the government and the population at
large are placing more and more emphasis on the
sustainability of the ambient environment, and air
pollution has become one of the most concerning
social and environmental issues. Particulate matter
with an aerodynamic GLDPHWHU RI  ȝP RU OHVV
(PM2.5) is a major air quality concern because of its
undesirable effects on human health [1-3] and local
ecosystems [4, 5]. As many studies have shown,
high PM2.5 concentrations can be attributed not only
to increasing emissions, but also many natural geographical factors, such as topography, vegetation,
and meteorology [6–8]. Among these influencing
factors, the meteorological conditions represent
some of the most important factors [9].
Relationships between PM2.5 and meteorological factors have been analyzed in some megacities [6, 10–12]. These studies confirm the important role that meteorological conditions play in
the formation of PM2.5 with large variations in levels occurring in different seasons and geographical
areas. PM2.5 concentrations are usually highest in
winter and cause serious air pollution episodes
across China; moreover, the number of meteorologLFDO IDFWRUV WKDW LQÀXHQFH 302.5 concentrations in
winter is more than that in other seasons [13]. Besides seasonal variations, it has also been found that
the relationships between PM2.5 concentrations and
the meteorological factors vary between regions.
For heavily polluted regions, the higher the local
PM2.5 concentration is, the larger is the influence
exerted by the meteorological factor [14]. Furthermore, bidirectional interactions between meteorological factors and PM2.5 concentrations may complicate the mechanisms that may further enhance
significantly the local PM2.5 concentrations [15,
16]. The reason for the spatial variations in the
PM2.5 concentrations is that meteorological factors
affect the PM2.5 concentrations through various
processes, and the final outcome depends on a
number of factors including the local climate, the
terrain and the chemical composition of the PM2.5.
In China, the sources and composition of PM2.5, the

KEYWORDS:
Fine particulate matter, PM2.5, meteorological factors,
regional variations, Northeast China
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local climate and the terrain are complex, making
the extent of influence of the different processes
vary region by region [17].
Northeast China with its large population,
abundant resources and a developed economy plays
an important role in China`s economy. The region
is adjacent to Russia in the north, Mongolia in the
west, North Korea to the east, and thus the region is
in a key geographical location with respect to regional and transnational air pollution given the
presence of heavy industry, straw burning and the
need for heating, especially during the winter
months. The area of Northeast China, where the
annual PM2.5 concentrations have exceeded the
*UDGH ,, VWDQGDUG OLPLW RI  ȝJP3 (equivalent to
the WHO Interim Target-1), has increased annually
in the past decade [6]. Especially during late autumn and over the long winter, persistent high
PM2.5 concentrations occur over the region with
frequent severe pollution episodes occurring, corresponding to approximately 2 to 3 times the levels of
air pollution in recent years [14, 18]. In addition,
the Northeast region experiences a pronounced
climatic gradient which spans the warm temperate
zone, the mid-temperate zone and the cold temperate zone in China, which extends from the south to
the north, and also from the humid, semi humid to
semiarid zone extending from the southeast to the
northwest. Several studies have investigated the
effects of meteorological factors on PM2.5 in Northeast China, but most exploratory studies have focused mainly on a single large city [19] or multicities [14], whereas few studies have examined
regional variations from the macroscopic perspective. Besides, other studies at a national scale studies have not fully considered the characteristics of
PM2.5 pollution or addressed all the typical climate
zones in Northeast China.
This research examines the spatial and temporal variations of PM2.5 in Northeast China by
analyzing a large volume of continuous daily PM2.5
concentration data collected from 40 cities and
covering eight geographic areas over a 3-year period from 2015 to 2017. Systematic statistical analysis has been conducted to quantify the correlations
of PM2.5 concentrations with a series of meteorological factors using multiple linear regression (MLR).
The regression coefficients and coefficients of determination for the cities were interpolated on a grid
square basis by inverse distance weighting (IDW)
to compare and summarize the varying patterns for
the relationships between PM2.5 concentrations and
meteorological factors for the regions. Due to the
clear seasonal patterns of PM2.5 pollution occurring
in the Northeast region, a focus was given to the
correlation of the high PM2.5 levels occurring in the
months from October to the following March (defined as “the pollution months” in this study),
which permitted investigation of the mechanisms
underpinning haze formation and dispersal over the

region. The intention is to provide effective support
for schemes aiming to introduce more effective
PM2.5 pollution preventive and reduction measures
for environmental management policy decisionmaking. In addition, the results of the study may
contribute to an improved understanding of the
sensitivity of PM2.5 formation to the meteorology.
This could lead to the development of an observational resource that could test the ability of chemical transport models (CTMs) to project the sensitivity of PM2.5 to future climate change as simulated
by general circulation models (GCMs).

MATERIALS AND METHODS
Study Area. Northeast China (located beWZHHQ ƍƍ( ƍƍ1  KDV D
total land area of 1.25 million km2 (about 12.9% of
the total land area) and covers Heilongjiang Province, Jilin Province, Liaoning Province, as well as
the eastern part of the Inner Mongolia Autonomous
Region (Hulunbuir City, Xing’an League, Tongliao
City and Chifeng City), as shown in Fig. 1. Having
a large heavy industry and a grain commodity base
with a population of 120 million, Northeast China
play an important role in China’s economic development. Northeast China, adjacent to Russia in the
north, Mongolian to the west and North Korea to
the east, represents a key geographical location in
terms of its regional and transnational air pollution
issues due the presence of heavy industry, widespread straw burning by the farming community
and the high demand for household heating in the
winter.
Northeast China is the coldest area in China
given that it is at high altitude. The temperature in
this region is very low in the winter and the annual
WHPSHUDWXUH GL൵HUHQFH LV YHU\ ODUJH VKRZLQJ WKH
clear characteristics of a continental climate. The
winter is cold and long, there are frequent winds
and little rainfall in the spring; the temperature and
the rainfall are high in the summer, and sunny days
and southwest winds often prevail in the autumn;
the amount of precipitation is slightly more in
summer than in the spring. Northeast China can be
divided into three climatic zones from north to
south, that is, a cold temperate zone, a cool temperate zone and a warm temperate zone, respectively,
given that the region extends across a wide latitude
and longitude. Largely controlled by the East Asian
monsoon climate associated with medium latitudes,
the amount of precipitation in Northeast China
decreases from southeast to northwest, and the
whole area transitions from a humid zone to a semiarid zone.
To facilitate analysis and comparisons, Northeast China can be categorized into eight study areas
as shown in Figure 1, according to the climate, the
terrain, the vegetation and the socioeconomic de-
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velopment, and these factors are closely related to
the PM2.5 pollution level. These study areas are the
Three River Plain area, the Lesser Khingan Mountains area, the Northern Great Khingan Mountains
area, the Changbai Mountains area, the Northeast
Plain area, the Southern Great Khingan Mountains
area, the Eastern Inner Mongolia Plateau area and
the Liaodong Hilly area, respectively.

January 2015 to 31 December 2017 were collected.
Due to equipment or internet malfunction, some
data were unavailable. Some data were also rejected
as outliers.
Meteorological data for the monitoring cities
were obtained from the China Meteorological Data
Network, in which the meteorological data from
thousands of observation stations across China were
collected. Previous studies revealed that meteorological factors such as air temperature, wind speed,
relative humidity, precipitation, sunshine duration
(SSD) and air pressure might be related to PM2.5
concentrations. Therefore, to comprehensively
understand the meteorological factors driving PM2.5
concentrations in Northeast China, all potential
meteorological factors were selected as candidate
factors. To better quantify the role of individual
meteorological factors in affecting local PM2.5 concentrations, these factors were further categorized
into some sub-factors or variables as listed in Table
1. To conduct time-series comparisons, the daily
meteorological data were collected from 1 January
2015 to 31 December 2017.

Data Sources. PM2.5 data were acquired from
the website of the Tianqihoubao, which collects the
official PM2.5 concentration data issued by the China National Environmental Monitoring Center
(CNEMC) and publishes the air quality information
for all monitoring stations of major cities on a daily
basis. The daily PM2.5 concentration data for each
city are calculated based on the average value of
hourly PM2.5 concentrations measured at all available local ambient air quality monitoring stations in
the China National Air Quality Monitoring Network. The monitoring stations use TEOMs plus
FDMS which is a real-time air quality system
(AQS). The daily PM2.5 concentrations for each
prefecture-level city in Northeast China from 1

FIGURE 1
Location and subareas of Northeast China
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TABLE 1
Meteorological parameters considered in the
statistical analysis.

cients of determination (R2) for fitting of the MLR
model to the observations, the values being adjusted
to interpretive degree of independent variables
(meteorological variables) to the dependent variable
(PM2.5 concentrations).
The average PM2.5 concentrations, the regression coefficients ȕi and the coefficients of determination R2 for each city were constructed to interpolate on a 0.8º × 0.8º grid square, respectively. The
inverse distance weighting (IDW) method, in which
all n sampled values (zi) within a specified search
distance (dmax) are inversely weighted by their distances (dij) from the grid centroid to produce an
average (zj) for each grid square j, was used:

Independent variable
x1
x2
x3
x4
x5
x6
x7
x8
x9
x10
x11
x12
x13

Meteorological parameter
Max. temperature (0.1ႏ
Mean temperature (0.1ႏ
Min. temperature (0.1ႏ)
([WUHPHZLQGVSHHG PV
0D[ZLQGVSHHG PV b
0HDQZLQGVSHHG PV
Mean relative humidity (1%)
Min. relative humidity (1%)
Precipitation (0.1 mm)
Sunshine duration (0.1 h)d
Max. air pressure (0.1 hPa)
Mean air pressure (0.1 hPa)
Min. air pressure (0.1 hPa)

a

Notes: a. Extreme wind speed indicates the max. instant
(for 1 s) wind speed within a day.
b. Max. wind speed indicates the max. mean wind speed
during any 10 min period within a day.
c. Small evaporation indicates the amount of evaporated
water measured using a container with a diameter of 10
cm during 24 h.
d. Sunshine duration represents the hours of sunshine
measured during a day for a specific location on earth.

where k is the power parameter. The results
were not overly sensitive to the choice of interpolation method; an alternative method with simple
spatial averaging of data in the individual grid
squares produced similar correlation data. Kriging
has been used for spatial interpolation of air quality
data [21,22], but this was not used in this study
because the PM2.5 data were distributed irregularly
[23]. Spatial interpolation was more robust in the
East, where the population densities in the cities
were higher than that in the West.

Methods. The MLR approach [20] was used
to correlate PM2.5 concentrations to the meteorological variables. Unlike a correlation coefficient from
a single linear regression, the MLR allows for analysis of multiple independent variables which affect
the dependent variable (PM2.5 concentrations) at
the same time. The model is of the form:

RESULTS AND DISCUSSION
Spatiotemporal variation of PM2.5. The distribution for the daily PM2.5 classification level for
each city in Northeast China during 2015-2017 is
illustrated in Figure 2. The distribution shows clearly that the daily PM2.5 concentrations were relatively low for most days between April and September
and the levels typically reached the Grade-II standard. In contrast, for October to the following
March, there was high pollution (daily PM2.5 conFHQWUDWLRQ ! ȝJP3) for about 90% of the days.
Moreover, the monthly PM2.5 concentrations for
these six month periods (October to March) were
significantly higher than those for the spring and
summer months as shown in Figure 3. The mean
PM2.5 concentrations for October, November, December, January, February and March (averaged
from 2015 to 2017) were 42, 63, 63, 64, 51 and 47
ȝJP3, respectively, the respective values being
higher than the 3-year average concentration by
2%, 51%, 50%, 53%, 23% and 13%, respectively.
Thus these six-month periods were defined as ‘the
pollution months’ in this study. The gross PM2.5
level for the pollution months (October to March)
contributed 66% of the total mass concentration
during 2015-2017. In addition, 96% of the moderate and the severe PM2.5 pollution incidents (daily
PM2.5 FRQFHQWUDWLRQ ! ȝJP3) occurred in the
pollution months (October to March), as shown in

where the dependent variable y represents the
daily PM2.5 concentrations and is a function of the
coefficient ȕ0 (y-intercept); xi are the independent
variables (meteorological variables as shown in
Table 1; i represents the i-th independent variable;
ȕi are the regression coefficients of the corresponding independent variables; n is the number of independent variables (13 in this study); the interaction
terms, which refer to the product of two or more
independent variables and represent the higherorder linear effects when variables are interacting
with each other in affecting PM2.5 concentrations,
were found to be small and thus were excluded
from the analysis. Each independent variable xi
represents a variable that determines the values of y
or the PM2.5 concentrations. The regression coefficients ȕi represent the amount of change in the
PM2.5 concentrations for a unit change in the variables xi if all the other variables x are held constant.
These values can be interpreted as ‘sensitivities’ of
PM2.5 concentrations to a change in the meteorological variables. Positive coefficients refer to an increase in the PM2.5 concentrations for an increase in
the meteorological variable (positive correlation),
whereas negative values refer to decreases in PM2.5
concentrations (negative correlation); the coeffi-
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Figure 4. Thus, the annual PM2.5 quality was mostly
determined by the PM2.5 levels for the pollution
months (October to March). A focus was, therefore,
given to investigations on the effects of the major

meteorological factors on PM2.5 pollution for the
pollution months (October to March) in this discussion, which is similar to the approach adopted by
Xu et al. [24,25].

FIGURE 2
Distribution (daily basis) of the PM2.5 classification level for each city in Northeast China during
2015-2017.
Notes: In China, air quality is considered “excellent” if the daily average concentration of PM2.5 LVEHORZȝJP3, “favoraEOH´ IRU FRQFHQWUDWLRQV EHWZHHQ  DQG  ȝJP3 DQG ³SROOXWHG´ IRU FRQFHQWUDWLRQV DERYH  ȝJP3. For polluted levels,
FRQFHQWUDWLRQV EHORZ  ȝJP3 are termed “slight pollution”, 115– ȝJP3 are termed “moderate pollution”, 150–250
ȝJP3 DUHWHUPHG³VHYHUHSROOXWLRQ´DQGFRQFHQWUDWLRQVDERYHȝJP3 are termed “hazardous pollution”.

FIGURE 3
Monthly mean PM2.5 concentrations in Northeast China for 2015 to 2017
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FIGURE 4
Moderate, severe and hazardous pollution days based on PM2.5 concentrations for each month in 40 cities
or areas of Northeast China for 2015 to 2017

a

b

FIGURE 5
The spatial distribution of PM2.5 concentrations in Northeast China interpolated by IDW. (a) The
overall average PM2.5 concentrations from 2015 to 2017 and (b) The average PM2.5 concentrations during
the pollution months (October to March) for 2015-2017
The overall average PM2.5 concentrations and
the average PM2.5 concentrations during the pollution months (October to March), interpolated on a
0.8º × 0.8º grid and averaged over the three years
for 2015-2017, are presented in Figure 5. As shown
in Figure 5 (a), it may be noted that the 3-year average PM2.5 concentration throughout Northeast China was higher than the air quality guideline (AQG:
 ȝJP3) set by the World Health Organization
(WHO). Also, it may be seen that there were four
main clusters of regions with relatively lower PM2.5
concentrations which were below the Grade II
standard limit of China (same limit value as WHO
Interim Target-  ȝJP3), the clusters being in
the Eastern Inner Mongolian Plateau area, the
Northern Great Khingan Mountains area, the Lesser
Khingan Mountains area and the northern Three
River Plain area. However, the annual standard was
exceeded in other regions where the PM2.5 levels
UDQJHGIURPWRȝJP3, namely, in the southern Three River Plain, the Northeast Plain, the

Changbai Mountains and the Southern Great Khingan Mountains area, these areas accounting for
more than 50% of the total land area of Northeast
China. During the pollution months (October to
March), as shown in Figure 5 (b), nearly the entire
region of Northeast China suffered from PM2.5
pollution except for part of the Northern Great
Khingan Mountains and the Lesser Khingan Mountains area. The most severely polluted regions were
located east of the Northeast Plain area where the
PM2.5 levels ranged from 80 to 106 ȝJP3. There
were also three main clusters with moderate pollution having PM2.5 OHYHOV RI  WR  ȝJP3; one
cluster was located to the west of the Northeast
Plain area, another was in the Changbai Mountains
area, and another was south of the Three River
Plain area. Three main clusters having slight pollution with PM2.5 FRQFHQWUDWLRQV EHORZ  ȝJP3
were noted in the Southern Great Khingan Mountains, the Eastern Inner Mongolian Plateau and a
region north of the Three River Plain area.
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FIGURE 6
Correlations of PM2.5 concentrations with maximum air temperature (maxTEM), mean air temperature
(meanTEM) and minimum air temperature (minTEM) during the pollution months (October to March)
for 2015-2017. The figure shows the multiple linear regression coefficients, ȕiLQXQLWVRIȝJP-3 ႏ -1.
coefficients were -0.47~0.64 ȝJ P-3 ႏ -1. This
data indicated that the observed positive correlation
of maxTEM with PM2.5 concentrations was stronger
than those for other two air temperature variables.
Thus the maxTEM variable can be considered as
the dominant factor for different areas in Northeast
China, whereas the meanTEM and the minTEM
variables were judged to be dominant meteorological variables for the PM2.5 concen-trations in some
specific areas.
Correlations of the major components of sulfate, organic carbon (OC) and elemental carbon
(EC) in PM2.5 with air temperature are predominantly positive [10]. Furthermore, high PM2.5 levels
are usually accompanied with stagnation and inversion events which have a strong association with
high surface air temperatures. Therefore, during the
pollution months (October to March) in Northeast
China, it would be expected that a higher daily

Individual meteorological factors – correlation of air temperature and PM2.5 concentrations. The correlations of air temperature with the
daily PM2.5 concentrations during the pollution
months (October to March) for the three years
2015-2017, as measured by the interpolated MLR
coefficient ȕi on a grid square basis is presented in
Figure 6. The results indicated that the PM2.5 concentrations were positively correlated with the maximum air temperature (maxTEM) for the whole of
Northeast China, with MLR coefficients ranging
from 0.01~1.74 ȝJ P-3 ႏ -1 depending on the
grid square. However, the correlation for the mean
air temperature (meanTEM) was negative with
MLR coefficients of -1.46~0.00 ȝJP-3 ႏ -1. A
negative correlation was also found for the minimum air temperature (minTEN) and PM2.5 concentrations for most areas of the Northeast region except for the Liaodong Hilly area, where the MLR
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maximum temperature would promote the formation of secondary aerosols and the more severe
would be the level of PM2.5 pollution. Batterman et
al. [26] and Zhao et al. [27] reported that temperature correlated positively with PM2.5 levels on colder days in Beijing. However, for research at a yearly scale, the mean TEM had a strong negative correlation with PM2.5 concentrations in nearly all
cities in China [28]. The main reason for this finding may be that the PM2.5 concentrations were lower in the summer and higher in the winter because
of the increased use of coal and the accompanying
increased emission rates for household heating in
winter, consequently the mean temperature exhibit-

ed the opposite trend, that is, a strong negative
correlation with PM2.5 concentrations was observed.
Besides, higher temperatures may promote air flow
circulation and cause dilution and dispersion of air
pollutants [29], and this could explain the weak
negative correlations for the meanTEM and the
minTEN with PM2.5 concentrations, respectively,
for some specific areas in Northeast China during
the pollution months (October to March). Yang et
al. [28] also observed that the correlations of the
meanTEM with PM2.5 concentrations were weak in
a seasonal analysis study.

FIGURE 7
Correlations of PM2.5 concentrations with extreme wind speed (extWIN), maximum wind speed (maxWIN) and mean wind speed (meanWIN) during the pollution months (October to March) for 2015-2017.
The figure shows multiple linear regression coefficients, ȕiLQXQLWVRIȝJP-3 (0.1m/s) -1.
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local PM2.5 concentrations in coastal areas and most
semiarid areas in which annual precipitation was
below 400 mm, whilst the minimum relative humidity (minRHU) was the dominant meteorological
variable for PM2.5 concentrations in most humid
and semi-humid areas. The MLR coefficients for
the meanRHU and the minRHU were 0~0.41 and
0~0.48 ȝJP-3 (1%)-1, respectively.
A higher humidity would result in more vapor
being attached to PM and significantly increase the
size and mass concentrations of PM, hence the
increases in the hygroscopicity and accumulation of
PM2.5 [33]. Yang et al. [28] reported a positive
correlation between humidity and PM2.5 concentrations in Northeast China in autumn and winter.
However, a significantly negative correla-tion was
found between humidity and PM2.5 concentrations
for each of the four seasons in Southern China
where it is usually wetter than Northeast China; this
anomaly may reflect the fact that when the humidity is high, the particles grow and become too heavy
to remain airborne, leading to the settling of particles on the ground [34] with consequent reduction
in PM2.5 concentrations. In addition, another possible cause of this phenomenon may be a difference
in the types of aerosol formed in the two regions of
China. Nitrate and sulfate account for a large proportion of the PM2.5 in Northern China [35,36]),
whereas NaCl is one of the main components of
PM2.5 in Southern China [37]. Due to the hygroscopicity, NaCl is more likely to absorb large amounts
of moisture and fall to the ground under the high
humidity conditions in Southeast China, whereas
the hygroscopicity of nitrate and sulfate is weak, so
the nitrate and sulfate laden particles in Northern
China under the drier conditions would tend to
grow and become heavier and remain airborne
rather than settling to the ground [38]. In the case of
the United States, Tai [12] reported a positive correlation of relative humidity with PM2.5 concentrations in the Northeast and Midwest but a negative
correlation in the Southeast and the West. To recap,
a positive correlation of the relative humidity variables with PM2.5 concentrations was found in Northeastern China due to the influence of a dry air mass
of low relative humidity during the pollution
months (October to March).

Individual meteorological factors – correlation of wind speed with PM2.5 concentrations.
The relationships between the wind speed variables
and the PM2.5 concentrations are shown in Figure 7.
The results indicated that there was a significant
negative correlation between the extreme wind
speed (extWIN) and PM2.5 concentrations throughout Northeast China, with MLR coefficients of 0.44~-0.002 ȝJ P-3  PV -1. Regarding the correlations of the maximum wind speed (maxWIN)
and the mean wind speed (meanWIN) with PM2.5
concentrations, notable positive and negative correlations were found for the different areas. Specifically, there were positive correlations of the maxWIN with the PM2.5 concentrations in the Lesser
Khingan Mountains area, north of the Three River
Plain area and in part of the coastal area, but negative correlations in other areas, the MLR coefficients ranging from -0.32~0.30 ȝJP-3 PV  -1.
Negative correlations existed between the
meanWIN and the PM2.5 concentrations in some
inland regions (though, in general, not as apparent
as for extWIN), whilst there were positive correlations for meanWIN and the PM2.5 concentrations in
the coastal areas, the MLR coefficients for
meanWIN ranging from -0.30~0.38 ȝJ P-3 (0.1
PV -1.
The negative correlation of extWIN with the
PM2.5 concentrations proved to be the strongest and
most widespread variable among the three wind
speed variables, which suggested that the particles
in the atmosphere became active above a certain
wind threshold, and that horizonal dispersion
played a significant role in the correlation and that
particulate matter had a clear tendency to decrease
above this threshold value. In contrast, a low wind
speed exerted minimal impact on the PM2.5 dynamics. Metwally et al. [30] also pointed that aerosol is,
in practice, insensitive to surface wind speeds beORZPVDQGDERYHWKLVYDOXHWKHDHURVROFRQFHQ
tration clearly tends to decrease. Zhang et al. [31]
reported that the PM2.5 concentrations decreased by
QHDUO\ ZKHQWKHZLQGVSHHGZDVXSWRPV
Yang et al. [32] found that the PM2.5 concentrations
in an urban area of Chengdu were high and changed
little at low wind speeds (0.8– PV  7KLV VXJ
gested that winds, especially strong winds, disperse
airborne pollutants, effectively reducing the PM2.5
concentrations. Therefore, among the three wind
speed variables, extreme wind speed should exhibit
the strongest correlation with PM2.5 concentrations.

Individual meteorological factors – correlation of precipitation with PM2.5 concen-trations.
As shown in Figure 9, precipitation was negatively
correlated with PM2.5 concentrations throughout
Northeast China during the pollution months (October to March), as would be expected given that
precipitation acts as a scavenging sink; the MLR
coefficients were -0.01~0.20 ȝJ P-3 (0.1 mm)-1.
Although precipitation had a negative influence on
PM2.5 concentrations in most areas of

Individual meteorological factors – correlation of relative humidity with PM2.5 concentrations. Consistent positive correlations for the relative humidity variables with local PM2.5 concentrations for the regions across Northeast China were
noted as shown in Figure 8. The mean relative humidity (meanRHU) exerted a key influence on the
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FIGURE 8
Correlations of PM2.5 concentrations with mean relative humidity (meanRHU) and minimum relative
humidity (minRHU) during the pollution months (October to March) for 2015-2017. The figure shows
multiple linear regression coefficients, ȕiLQXQLWVRIȝJP-3 (1%) -1

FIGURE 9
Correlations of precipitation (PRE) with PM2.5 concentrations for the pollution months (October to
March) for 2015-2017. The figure shows multiple linear regression coefficients, ȕiLQXQLWVRIȝJP-3 (0.1
mm) -1
Xi’an, a city with high PM2.5 concentrations, compared to that in Guangzhou where the PM2.5 concentrations were lower. Accordingly, as the amount
of precipitation was small and the PM2.5 concentrations were high during the pollution months (October to March) in Northeast China, precipitation had
a limited sensitivity effect.

Northeast China, the sensitivity was limited as the
mean ȕ value for precipitation was smaller than the
values for the other meteorological variables. Precipitation can affect PM2.5 concentrations via several mechanisms such as wash-off and the rain-out
effects which will reduce PM2.5 concentrations in
the air column, and surface wetting will inhibit the
entrainment of surface dust in roads and fields [29].
However, precipitation mainly influenced PM2.5
concentrations in those areas where the PM2.5 concentrations were not very high; also, the PM2.5
concentrations were more likely to decrease with
large precipitation events which would cause a
strong wash-off effect such that the PM2.5 concentrations would be considerably reduced. In contrast,
it has been pointed out that light precipitation may
not effectively remove the high concentrations of
PM2.5 [10,39,40]; for instance, the same level of
precipitation led to a weaker wash-off effect in

Individual meteorological factors – correlation of sunshine duration with PM2.5 concentrations. The SSD was negatively correlated with
PM2.5 concentrations throughout Northeast China,
the MLR coefficients being from -0.38~0.003 ȝJP3
(0.1 h) -1. Also, the influence of SSD on the local
PM2.5 concentrations was larger in the plains than in
other areas, as revealed in Figure 10. Previous studies [41,42] have demonstrated that organic carbon
(OC) is an important component of PM2.5, and
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FIGURE 10
Correlations of sunshine duration (SSD) with PM2.5 concentrations for the pollution months (October
to March) for 2015-2017. The figure shows multiple linear regression coefficients, ȕkLQXQLWVRIȝJP-3
(0.1h) -1

FIGURE 11
Correlations of maximum air pressure (maxPRS), mean air pressure (meanPRS) and minimum air
pressure (minPRS) with PM2.5 concentrations during the pollution months (October to March) for 20152017. Figure shows multiple linear regression coefficients, ȕiLQXQLWVRIȝJP-3 (0.1hPa) -1
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The R2 values were lower in other areas including
most of the plains, the Great Khingan Mountains
and the Lesser Khingan Mountains areas, with
values of 13%~30%. Similarly, Tai [12] and Wise
[45] obtained R2 values of 0.1-0.5 for correlations
of meteorological variables to PM2.5 concentrations
within the United States.
In spite of the notable differences in the coefficients of determination, the meteorological influences on the PM2.5 concentrations exhibited some
regional patterns which were closely related to the
geographical conditions. The meteorological factors
exerted a strong influence on local PM2.5 concentrations within the coastal area, the Horqin Grassland
and the Changbai Mountains areas, whilst the meteorological factors had weaker influences on other
areas. The influences of the different meteorological factors on the local PM2.5 concentrations varied
significantly during the pollution months (October
to March) for 2015~2017. Some factors can be
regarded as regional factors that influence the PM2.5
concentrations throughout Northeast China, yet
other factors were found to be region-specific.
Specifically, factors such as the maximum air
temperature, extreme wind speed, precipitation and
SSD were the dominant meteorological factors in
most areas of Northeast China, the effects being
quite concentrated and, on the whole, homogeneously distributed. The mean ȕvalues for the maximum air temperature, the extreme wind speed,
precipitation and SSD were 0.49, -0.19, -0.09 and 0.21, respectively. Amongst the four factors, the
maximum air temperature was found to be the most
influential meteorological factor for PM2.5 concentrations in Northeast China, the largest mean ȕ
value being 0.493. However, some factors, e.g., the
relative humidity exerted influences mainly in specific regions; the mean relative humidity exerted a
key influence on the local PM2.5 concentrations in
coastal areas and most semiarid areas, whilst the
minimum relative humidity was the dominant factor
for PM2.5 concentrations in most humid and semihumid areas. Furthermore, a diversity of the effects
of factors such as air pressure were distributed
irregularly within Northeast China. In other words,
a meteorological driver for PM2.5 concentrations in
a specific area may be insignificant in another area,
and these meteorological influences on PM2.5 concentrations were closely related to the geographical
conditions such as terrain, the partitioning of drywet areas and landscape patterns. Although these
meteorological factors exerted a limited influence
on PM2.5 concentrations at a regional scale, they
may be a key factor in influencing local PM2.5 concentrations. As a result, when analyzing the influences of meteorological factors on local PM2.5 concentrations for a specific area, meteorological factors that have been shown to have limited

photolysis of OC could occur in the atmosphere to
reduce the PM2.5 concentrations. Given that days
with extensive sunshine are typically associated
with conditions which favor pollutant dispersion,
e.g., unstable conditions [11], a longer sunshine
duration would have a QHJDWLYHLQÀXHQFHRQ302.5
concentrations. However, the SSD is also a general
indicator of cloudiness. The more cloud, the less
SSD is recorded by the ground observation station.
By analogy, heavy smog (thick black fog) caused
by high PM2.5 concentrations would attenuate or
block out radiation emitted to the ground and thus
WKH66'KDVDQHJDWLYHIHHGEDFNH൵HFWRQWKHPM2.5
concentrations.
Individual meteorological factors – correlation of air pressure with PM2.5 concentrations.
The correlation of air pressure with PM2.5 concentrations was irregularly distributed within Northeast
China as shown in Figure 11. Air pressure acted as
a dominant meteorological factor only in cities
within some specific areas. The MLR coefficients
for the maxPRS, the meanPRS and the minPRS
were -0.17~0.29, -0.21~0.33 and -0.42~0.29ȝJ P-3
(0.1 hPa) -1, respectively. A positive correlation was
found between air pressure and PM2.5 concentrations in some specific areas in northeast China. This
may be attributed to high pressure always being
accompanied with a low atmospheric boundary
layer height, and thus the dispersion of air pollutants would have been hindered in a vertical direction [41,43]. Besides, the land surface would experience a convergence updraft under low pressure
conditions, and the updraft would promote the dispersion of PM2.5 from the ground up into the air.
Conversely, under high pressure, the downdraft
would restrain the upward movement of PM2.5,
causing an accumulation of particles [44]. The
correlations for other areas were relatively weak or
were negative. The reason for such regional differences is unclear and further research is needed on
this topic. Batterman et al. [26] also reported that
air pressure did not show statistically significant
correlations with PM2.5 levels in Beijing.
Comprehensive meteorological influences
on PM2.5 concentrations. The interpolated coefficients of determination (R2) for the fit of the MLR
model to the observations, with values adjusted to
the interpretive degree of the independent variables
(meteorological variables) to the dependent variable
(PM2.5 concentrations) at each location are presented in Figure 12. The R2 values ranged from 0.13 to
0.53 depending on the grid square. Larger R2 values
were obtained for the coastal area, the Horqin
Grassland area and the Changbai Mountains area,
where the meteorological variables could account
for about 30%~53% of the daily PM2.5 variability.
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FIGURE 12
Coefficients of determination (R2) for multiple linear regression of PM2.5 concentrations with the meteorological variables listed in Table 1. The values were adjusted to the interpretive degree of the different
number of meteorological variables to the PM2.5 concentrations.
found that the daily variation in meteorology as
described by the MLR including 13 predictor variables could explain up to 30~50% of the daily PM2.5
variability within coastal areas and the Horqin
Grassland and Changbai Mountains areas. For the
other regions, the meteorological factors had a
relatively lower influence on the PM2.5 variability,
the coefficients of determination being 13%~30%.
The individual meteorological variables which
correlated with the local PM2.5 concentrations varied significantly. The maximum air temperature,
extreme wind speed, precipitation and SSD were
the dominant meteorological factors in most areas
of Northeast China, the effects being quite concentrated and homogeneously distributed. However,
some meteorological variables were regiondependent in terms of influencing the local PM2.5
concentrations; although these meteorological variables had limited influence on PM2.5 concentrations
at a regional scale, the variables may have had a
role in influencing PM2.5 concentrations at the local
level. For instance, in the case of relative humidity,
the mean relative humidity exerted a key influence
on local PM2.5 concentrations in coastal areas and
most semi-arid areas, whilst minimum relative
humidity was the dominant meteorological driver
for PM2.5 concentrations in most humid and semihumid areas.
Compared with previous studies on isolated
and scattered cities, this research, conducted at the
regional scale, has provided a better understanding
of the spatial variation of meteorological influences
on PM2.5 concentrations across Northeast China.
The scope for this research contrasts with previous
research which typically has been based on shortterm observation data (e.g., one season or one year)

influence on PM2.5 concentrations at a large scale
should still be considered and assessed.

CONCLUSIONS
This study has examined the spatial and temporal variability of PM2.5 concentrations in Northeast China by analyzing a large amount of continuous daily PM2.5 concentration data collected from
40 cities and covering eight geographic areas over a
3-year period from 2015 to 2017. The results
showed that 90% of the pollution days (daily PM2.5
FRQFHQWUDWLRQV ! ȝJP3) occurred from October
to the following March. The monthly average PM2.5
concentrations for these six months were significantly higher than the 3-year average. During the
pollution months (October to March), nearly the
entire Northeast China suffered from PM2.5 pollution except for parts of the Northern Great Khingan
Mountains and the Lesser Khingan Mountains areas. The most severely polluted regions were located
east of the Northeast Plain area; moderate pollution
regions occurred west of the Northeast Plain area,
the Changbai Mountains area and south of the
Three River Plain area; the regions comprising the
Southern Great Khingan Mountains, the Eastern
Inner Mongolian Plateau and the north of Three
River Plain area experienced minor pollution levels.
Due to the clear seasonal patterns of PM2.5 pollution
in Northeast China, a focus was given to the correlations between a series of meteorological variables
and PM2.5 concentrations for the pollution months
(October to March). The results indicated that there
were regional variations in how the meteorological
factors influenced the PM2.5 concentrations. It was
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in specific cities. Due to the discrepancy in research
periods or lack of typical climate zones in Northeast
China, the findings from different local-scale studies cannot be compared and comprehensively understood. This research employed daily PM2.5 and
meteorological data for three consecutive years and
a unified set of 13 meteorological variables for all
cities covering all the typical climate zones of
Northeastern China, thus the meteorological influences on PM2.5 concentrations were effectively
compared and assessed.
Quantitative correlations of meteorological
factors with PM2.5 concentrations provides useful
support for decision making regarding an evaluation of relevant environmental projects and for
testing the ability of chemical transport models
(CTMs) to project the sensitivity of PM2.5 to future
climate change as simulated by general circulation
models (GCMs). Herein, our research suggests that
the maximum air temperature, extreme wind speed,
precipitation and SSD are the dominant meteorological factors that influence PM2.5 concentrations
in Northeast China during the pollution months
(October to March) and these factors can significantly influence PM2.5 concentrations through direct
and indirect mechanisms. Mean relative humidity is
the dominant meteorological factor in coastal areas
and most semi-arid areas, and minimum relative
humidity is the dominant meteorological driver in
most humid and semi-humid areas.

[2] Wang, C.C., Cai, J., Chen, R.J., Shi, J.J., Yang,
C.Y., Li, H.C., Lin, Z.J., Meng, X., Liu, C.,
Niu, Y., Xia, Y.J., Zhao, Z.H., Li, W.H., Kan,
H.D. (2017) Personal exposure to fine particulate matter, lung function and serum club cell
secretory protein (Clara). Environmental Pollution. 225, 450–455.
[3] Kotzias, D. (2019) Urban air quality and population exposure in Europe. Fresen. Environ.
Bull. 28, 634–638.
[4] Chen, J., Qiu, S.S., Shang, J., Wilfrid, O.M.F.,
Liu, X.G., Tian, H.Z., Boman, J. (2014) Impact
of relative humidity and water soluble constituents of PM2.5 on visibility impairment in Beijing, China. Aerosol and Air Quality Research.
14(1), 260–268.
[5] Zhai, Y.B., Liu, X.T., Chen, H.M., Xu, B.B.,
Zhu, L., Li, C.T., Zeng, G.M. (2014). Source
identification and potential ecological risk assessment of heavy metals in PM2.5 from
Changsha. Science of the Total Environment.
493(15), 109–115.
[6] Luo, J.Q., Du, P.J., Samat, A., Xia, J.S., Che,
M.Q., Xue, Z.H., (2017) Spatiotemporal pattern of PM2.5 concentrations in mainland China
DQGDQDO\VLVRILWVLQÀXHQFLQJIDFWRUVXVLQJJH
ographically weighted regression. Scientific
Reports. 7, 40607.
[7] Baidourela, A., Sun, Q., Liu, L., Zhayimu, K.,
Zhen, J. (2018) Pollution characteristics of atmospheric particulates on expressway forest
belts in Urumqi. Fresen. Environ. Bull. 27,
9768-9774
[8] Yue, F., Dai, F. (2019) Study on the reduction
effect of green space on PM2.5 in the atmosphere. Fresen. Environ. Bull. 28, 4786–
4789
[9] Jones, A.M., Harrison, R.M., Baker, J. (2010)
The wind speed dependence of the concentrations of airborne particulate matter and NOx.
Atmospheric Environment. 44(13), 1682–1690.
[10] Chen, T., He, J., Lu, X., She, J., and Guan, Z.
(2016) Spatial and temporal variations of PM2.5
and its relation to meteorological factors in the
urban area of Nanjing, China, International
Journal of Environmental Research and Public
Health. 13(9), 921.
[11] Zhang, Z.Y., Zhang, X.L., Gong, D.Y., Quan,
W.J., Zhao, X.J., Ma, Z.Q., Kim, S.J. (2015).
Evolution of surface O3 and PM2.5 concentrations and their relationships with meteorological conditions over the last decade in Beijing.
Atmospheric Environment. 108, 67-75.
[12] Amos P.K. T., Loretta J. M., Daniel J. J. (2010)
Correlations between fine particulate matter
(PM2.5) and meteorological variables in the
United States: Implications for the sensitivity
of PM2.5 to climate change. Atmospheric Environment. 44(32), 3976-3984.

ACKNOWLEDGEMENTS
This study was supported by the National Natural Science Foundation of China (No. 41601607,
41771138, 41771161), the Strategic Planning Project of the Institute of Northeast Geography and
Agroecology (IGA), Chinese Academy of Sciences
(No. Y6H2091001-3). We would also like to thank
the data providers of the China Meteorological Data
Network and acknowledge the use of the website
ZZZWLDQTLKRXEDRFRPDTL

REFERENCES
[1] Zwozdziak, A., Sowka, I., Willak-Janc, E.,
Zwozdziak, J., Kwiecinska, K., BalinskaMiskiewicz, W. (2016) Influence of PM1 and
PM2.5 on lung function parameters in healthy
school children - A panel study. Environmental
Science and Pollution Research. 23(23),
23892–23901.

20

© by PSP

Volume 30– No. 01/2021 pages 7-22

Fresenius Environmental Bulletin

[13] Chen, Z.Y., Cai, J., Gao, B.B., Xu, B., Dai, S.,
He, B., Xie, X.M. (2017) Detecting the cauVDOLW\ LQÀXence of individual meteorologi-cal
factors on local PM2.5 concentration in the
Jing-Jin-Ji region. Scientific Reports. 7. Article
ID: 40735.
[14] Chen, Z.Y., Xie, X.M., Cai, J., Chen, D.L.,
Gao, B.B., He, B., Cheng, N.L., Xu, B. (2018)
Understanding meteorological influences on
PM2.5 concentrations across China: a temporal
and spatial perspective. Atmospheric Chemistry and Physics. 18(8), 5343–5358.
[15] Lee, S.S., Guo, J.P., Li, Z. (2016) Delaying
precipitation by air pollution over Pearl River
Delta. 2: Model simulations. Journal of Geophysical Research: Atmospheres. 121(19),
11739–11760.
[16] Guo, J., Li, Z., Miao, Y., Li, J., Liu, H., Xu, H.,
Cribb, M., Zhai, P. (2017) Declining frequency
of summertime local-scale precipitation over
Eastern China from 1970–2010 and its potential link to aerosols. Geophysical Research Letters. 44(11), 5700–5708.
[17] Yang, T., Gbaguidi, A., Yan, P.Z., Zhang,
W.D., Zhu, L.L., Yao, X.F., Wang, Z.F., Chen,
H. (2017) Model elucidating the sources and
formation mechanisms of severe haze pollution
over Northeast mega-city cluster in China. Environmental Pollution. 230, 692–700.
[18] Wang, Y.S., Yao, L., Wang, L.L., Liu, Z.R., Ji,
D.S., Tang, G.Q., Zhang, J.K., Sun, Y., Hu, B.,
Xin, J.Y. (2014) Mechanism for the formation
of the January 2013 heavy haze pollution episode over central and eastern China. Science
China-Earth Sciences. 57(1), 14–25.
[19] Zhao, H.J., Che, H.Z., Zhang, X.Y., Ma, Y.J.,
Wang, Y.F., Wang, H., Wang, Y.Q. (2013)
Characteristics of visibility and Particulate
Matter (PM) in an urban area of Northeast
China. Atmospheric Pollution Research. 4(4),
427–434.
[20] Tai, A.P.K., Mickley, L.J., Jacob, D.J. (2010).
Correlations between fine particulate matter
(PM2.5) and meteorological variables in the
United States: implications for the sensitivity
of PM2.5 to climate change. Atmospheric Environment. 44(32), 3976–3984.
[21] Lefohn, A.S., Knudsen, H.P., McEvoy, L.R.
(1988). The use of Kriging to estimate monthly
ozone exposure parameters for the southeastern
United-States. Environmental Pollution. 53(14), 27–42.
[22] Jerrett, M., Burnett, R.T., Ma, R.J., Pope, C.A.,
Krewski, D., Newbold, K.B., Thurston, G., Shi,
Y.L., Finkelstein, N., Calle, E.E., Thun, M.J.
(2005). Spatial analysis of air pollution and
mortality in Los Angeles. Epidemiology. 16(6),
727–736.

[23] Wong, D.W., Yuan, L., Perlin, S.A. (2004)
Comparison of spatial interpolation methods
for the estimation of air quality data. Journal of
Exposure Analysis and Environmental Epidemiology. 14(5), 404–415.
[24] Xu, W. Y., Zhao, C. S., Ran, L., Deng, Z. Z.,
Liu, P. F., Ma, N., Lin, W. L., Xu, X. B., Yan,
P., He, X., Yu, J., Liang, W. D., Chen, L. L.
(2011). Characteristics of pollutions and their
correlation to meteorological conditions at a
suburban site in the North China Plain. Atmospheric Chemistry and Physics. 11, 4353–4369.
[25] Xu, J.M., Chang, L.Y., Qu, Y.H., Yan, F.X.,
Wang, F.Y., Fu, Q.Y. (2016) The meteorological modulation on PM2.5 interannual oscillation during 2013 to 2015 in Shanghai, China.
Science of the Total Environment. 572, 1138–
1149.
[26] Batterman, S., Xu, L.Z., Chen, F., Chen, F.,
Zhong, X.F. (2016) Characteristics of PM2.5
concentrations across Beijing during 20132015. Atmospheric Environment. 145, 104–
114.
[27] Zhao, C.X., Wang, Y.Q., Wang, Y.J., Zhang,
H.L., Zhao, B.Q. (2014). Temporal and spatial
distribution of PM2.5 and PM10 pollution status
and the correlation of particulate matters and
meteorological factors during winter and spring
in Beijing. Environmental Science. 35(2), 418–
427. (In Chinese)
[28] Yang, Q.Q., Yuan, Q.Q., Li, T.W., Shen, H.F.,
Zhang, L.P. (2017) The relationships between
PM2.5 and meteorological factors in China:
Seasonal and regional variations. International
Journal of Environmental Research and Public
Health. 14(12), 1510.
[29] Li, Y., Chen, Q., Zhao, H., Wang, L., and Tao,
R. (2015) Variations in PM10, PM2.5 and PM1.0
in an urban area of the Sichuan basin and their
relation to meteorological factors. Atmosphere.
6(1), 150–163.
[30] El-Metwally, M., Alfaro, S.C. (2013) Correlation between meteorological conditions and
aerosol characteristics at an East-Mediterranean coastal site. Atmospheric Research. 132,
76–90.
[31] Zhang, B.E., Jiao, L.M., Xu, G., Zhao, S.L.,
Tang, X., Zhou, Y., Gong, C. (2018) Influences
of wind and precipitation on different-sized
particulate matter concentrations (PM2.5, PM10,
PM2.5–10). Meteorology and Atmospheric Physics. 130(3), 383–392.
[32] Li, Y., Chen, Q.L., Zhao, H.J., Wang, L., Tao,
R.(2015) Variations in PM10, PM2.5 and PM1.0
in an urban area of the Sichuan Basin and their
relation to meteorological factors. Atmosphere.
6(1), 150–163.

21

© by PSP

Volume 30– No. 01/2021 pages 7-22

Fresenius Environmental Bulletin

[33] Fu, X.X., Wang, X.M., Hu, Q.H., Li, G.H.,
Ding, X., Zhang, Y.L., He, Q.F., Liu, T.Y.,
Zhang, Z., Yu, Q.Q., Shen, R.Q., Bi, X.H.
(2016). Changes in visibility with PM2.5 composition and relative humidity at a background
site in the Pearl River Delta region. Journal of
Environmental Sciences. 40(2), 10–19
[34] Wang, J., Ogawa, S. (2015) Effects of meteorological conditions on PM2.5 concentra-tions in
Nagasaki, Japan. International Journal of Environmental Research and Public Health. 12(8),
9089–9101,
[35] Cao, J.J., Shen, Z.X., Chow, J.C., Watson, J.G.,
Lee, S.C., Tie, X.X., Ho, K.F., Wang, G.H.,
Han, Y.M. (2012) Winter and summer PM2.5
chemical compositions in fourteen Chinese cities. Journal of the Air & Waste Management
Association. 62(10), 1214–1226.
[36] Wang, Y.G., Ying, Q., Hu, J.L., Zhang, H.L.
(2014) Spatial and temporal variations of six
criteria air pollutants in 31 provincial capital
cities in China during 2013–2014. Environment International. 73, 413–422.
[37] Hu, D.W., Qiao, L.P., Chen, J.M., Ye, X.N.,
Yang, X., Cheng, T.T., Fang, W. (2010) Hygroscopicity of inorganic aerosols: size and relative humidity effects on the growth factor.
Aerosol and Air Quality Research. 10(3), 255–
264.
[38] Dawson, J.P., Adams, P.J., Pandis, S.N. (2007)
Sensitivity of PM2.5 to climate in the Eastern
US: A modeling case study. Atmospheric Chemistry and Physics. 7(16), 4295–4309.
[39] Luo, X. S., Zhao, Z., Chen, Y., Ge, X. L.
Huang, Y., Suo, C. and Zhang, D. (2017) Effects of emission control and meteorological
parameters on urban air quality showed by the
2014 youth Olympic Games in China. Fresenius Environmental Bulletin. 26(7), 4798–
4807.
[40] Guo, L. C., Zhang, Y. H., Lin, H.L., Zeng,
W.L., Liu, T., Xiao, J.P., Rutherford, S., You,
J., Ma, W.J. (2016) The washout effects of
rainfall on atmospheric particulate pollution in
two Chinese cities. Environmental Pollution.
215, 195–202.
[41] Zhang, R., Jing, J., Tao, J., Hsu, S.C., Wang,
G., Cao, J., Lee, C.S.L., Zhu, L., Chen, Z.,
Zhao, Y., Shen, Z. (2013) Chemical characterization and source apportionment of PM2.5 in
Beijing: seasonal perspective. Atmospheric
Chemistry and Physics. 13(14), 7053–7074.
[42] Cao, C., Jiang, W.J., Wang, B.Y., Fang, J.H.,
Lang, J.D., Tian, G., Jiang, J.K., Zhu, T.F.
(2014) Inhalable microorganisms in Beijing’s
PM2.5 and PM10 pollutants during a severe
smog event. Environmental Science and Technology. 48(3), 1499–1507.

[43] Wu, P., Ding, Y.H., Liu, Y.J. (2017) Atmospheric circulation and dynamic mechanism for
persistent haze events in the Beijing-TianjinHebei region. Advances in Atmospheric Sciences. 34(4), 429–440.
[44] Ren, Z.H., Su, F.Q., Chen, Z.H., Hong, Z.X.,
Cheng, S.Y., Gao, Q.X., Feng, J.H. (2008) Influence of synoptic systems on the distribution
and evolution process of PM10 concentration in
the boundary layer in summer and autumn.
Chinese Journal of Atmospheric Sciences.
32(4), 741–751. (In Chinese)
[45] Wise, E.K., Comrie, A.C. (2005) Meteorologically adjusted urban air quality trends in the
southwestern United States. Atmospheric Environment. 39(16), 2969–2980.

Received:
Accepted:

08.04.2019
19.07.2020

CORRESPONDING AUTHOR
Xin Wen
Northeast Institute of Geography and Agroecology,
Chinese Academy of Sciences
No. 4888, Shengbei Street,
Changchun 130102 – P. R. China
e-mail˖wenxin@iga.ac.cn

22

E\363

9ROXPH±1RSDJHV 

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


&203$5$7,9(678'<2)$1$(52%,&$1'$(52%,&
6(:$*(:$7(5,55,*$7,21,17:2:+($7
&8/7,9$56 6+$)$4$1'/$6$1, 

0XKDPPDG)DLVDO0DTVRRG0XKDPPDG$UIDQ$WLID0DVRRG $ELGD$ELG
6\HG0RKVDQ5D]D6KDK0XKDPPDG/XTPDQ8VPDQ=XOILTDU




'HSDUWPHQWRI%RWDQ\8QLYHUVLW\RI$JULFXOWXUH)DLVDODEDG3DNLVWDQ
'HSDUWPHQWRI%RWDQ\7KH8QLYHUVLW\RI/DKRUH6XE&DPSXV6DUJRGKD3DNLVWDQ

'HSDUWPHQWRI$JURQRP\8QLYHUVLW\RI$JULFXOWXUH)DLVDODEDG3DNLVWDQ



$%675$&7

$SRWH[SHULPHQWZDVFRQGXFWHGLQ2OG%RWDQ
LFDO *DUGHQ 8QLYHUVLW\ RI $JULFXOWXUH )DLVDODEDG
 WRVWXG\WKHHIIHFWRIZDVWHZDWHUWUHDW
PHQW RQ WZR YHULWLHV RI ZKHDW LH 6KDIDT DQG
/DVDQLLQVDQGPHGLXP7KUHHWUHDWPHQWVRIZD
WHUXVHGZKLFKZHUHFRQWURODQDHURELFVHZDJHZDWHU
DQGDHURELFVHZDJHZDWHU7KHH[SHULPHQWDOGHVLJQ
ZDV&5'ZLWKWKUHHUHSOLFDWHV2QFHLQDZHHN+RD
JODQG¶VQXWULHQWVROXWLRQZDVDSSOLHGWRIXOILOOWKHUH
TXLUHPHQWRIQXWULHQWV7KHHIIHFWRIVHZDJHZDWHU
WUHDWPHQWV RQ FKORURSK\OO FRQWHQWV ELRPDVV OHDI
DUHD DQG \LHOG SDUDPHWHUV ZHUH VWXGLHG 5HVXOWV RI
WKLVH[SHULPHQWVKRZHGWKDWVHZDJHZDWHUDSSOLFD
WLRQGHFUHDVHGWKHELRPDVVOHDIDUHDDQG\LHOGDWWULE
XWHV EXW LQFUHDVHG WKH ZHLJKW RI VHHG VKRRW 1D
FKORURSK\OOaDQGFDURWHQRLGV$OOWKHDWWULEXWHVDQ
DO\]HGVWDWLVWLFDOO\6KDIDTSHUIRUPHGEHWWHULQDOO
DWWULEXWHVXQGHUVWUHVVDQGQRUPDOFRQGLWLRQVH[FHSW
FKORURSK\OOFRQWHQWV



@,QPDQ\FLWLHVZDVWHZDWHULVXVHGIRUDJULFXO
WXUDOSXUSRVHV>@$SSUR[LPDWHO\WZHQW\PLO
OLRQ KHFWDUHV DUH LUULJDWHG ZLWK ZDVWH ZDWHU LQ WKH
ZRUOG>@7KHJURZWKRIOHDI\YHJHWDEOHV FDEEDJH
VSLQDFKFDXOLIORZHUHWF LQFUHDVHGE\WKHDSSOLFD
WLRQRIZDVWHZDWHU>@ZKLOHUDGLVKFDUURWDQGWXU
QLSDUHIRXQGWREHVHQVLWLYHWRZDVWHZDWHU>@%XW
H[FHVV RI ZDVWH ZDWHU DSSOLFDWLRQ LQFUHDVHV WKH
DPRXQW RI KHDY\ PHWDOV LQ WKH VRLO > @ 7KH
KHDY\ PHWDOV DFFXPXODWH LQ GLIIHUHQW SDUWV RI WKH
SODQWDQGHIIHFWVWKHJURZWKRISODQWDQGWKHQKHDOWK
RIWKHKXPDQEHLQJV>@,IDODUJHDPRXQW
RIKHDY\PHWDOVDFFXPXODWHVLQWKHSODQWVLWFDXVHV
PDQ\GLVHDVHVLQKXPDQEHLQJVVSHFLDOO\FDQFHUDQG
NLGQH\ SUREOHPV EHFDXVH PHWDOV DUH QRQELRGH
JUDGDEOH>@$QH[SHULPHQWRQEHUVHHPZKHDW
SDODN JUDP DQG PHWKL FRQFOXGHG WKDW ZDVWH ZDWHU
IURPGRPHVWLFVRXUFHHQKDQFHGWKH\LHOGDWWULEXWHV
>@$SSOLFDWLRQRIVHZDJHZDWHUDOVRLQFUHDVHVWKH
QXPEHURIFDWLRQVLQWKHVRLO>@,UULJDWLRQRIVHZ
DJHZDWHUUHGXFHWKHZDWHUKROGLQJFDSDFLW\RIVRLO
E\LQFUHDVLQJWKHRUJDQLFFDUERQS+DQGSKRVSKDWH
LQWKHVRLO>@&RQWLQXRXVXVHRIVHZDJHZDWHUGLV
WXUEVWKHVRLOIHUWLOLW\>@*HUPLQDWLRQUHGXFHVE\
WKHDSSOLFDWLRQRIVHZDJHZDWHUGXHWRWKHSUHVHQFH
RI H[FHVVLYH DPRXQW RI KHDY\ PHWDOV>@ ([SHUL
PHQWZDVFRQGXFWHGWRGHWHUPLQHWKHHIIHFWRIVHZ
DJH ZDWHU DSSOLFDWLRQ RQ PRUSKRSK\VLRORJLFDO DW
WULEXWHVLQWZRZKHDWJHQRW\SHV


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

$SRWH[SHULPHQWZDVFDUULHGRXWLQ2OG%RWDQ
LFDO *DUGHQ 8QLYHUVLW\ RI $JULFXOWXUH )DLVDODEDG
7ZRZKHDWJHQRW\SHV6KDIDTDQG/DVDQLZHUH
XVHGWRVWXG\WKHHIIHFWRIVHZDJHZDWHU $QDHURELF
DQGDHURELFZDWHU 6HZDJHZDWHUZDVREWDLQHGIURP
ZDWHUWUHDWPHQWSODQWRI$FKDNHUD)DLVDODEDG3XQ
MDE3DNLVWDQ)RUWKLVH[SHULPHQWHDFKSRWZDVILOOHG
ZLWKNJZDVKHGVDQG6HHGV  ZHUHVRZQ
LQHDFKSRWDIWHUJHUPLQDWLRQILYHSODQWVUHWDLQDQG
RWKHUSODQWVZHUHGLVFDUGHG+RDJODQG¶VQXWULHQWVR
OXWLRQRIKDOIVWUHQJWKZDVXVHGWRIXOILOOWKHQXWULHQW

.(<:25'6
:KHDW6HZDJHZDWHU3KRWRV\QWKHWLFSLJPHQWV0LQHUDO
LRQV<LHOG



,1752'8&7,21

:KHDW LV D PDMRU FURS DQG XVHG DV D QDWLRQDO
GLHWHQULFKHGLQSURWHLQVDQGFDUERK\GUDWHV>@2QH
WKLUGSRSXODWLRQRIWKHZRUOGGHSHQGVRQZKHDWIRU
QXWULHQWV>@,WLVDOVRFDOOHG³NLQJRIFHUHDOV´>@
%XW LWV \LHOG HIIHFWHG E\ GLIIHUHQW HQYLURQPHQWDO
FRQGLWLRQV>@ 0DQ\ IDUPHUV XVH VHZDJH ZDWHU IRU
LUULJDWLRQ,ILWLVQRWKDQGOHGZLWKFDUHIXOO\LWFDXVHV
VRGLFLW\ DQG VDOLQLW\ >@ :DVWH ZDWHU LV SURGXFHG
IURP LQGXVWULDO FRPPHUFLDO DQG GRPHVWLF VRXUFHV
>@6HZDJHVOXGJHSURGXFHVIURPWKHWUHDWPHQWRI
ZDVWHZDWHUDQGDPDMRUVRXUFHRI1.0J3&D
DQG)HIRUSODQWVDQGXVHGLQWKHVRLODVIHUWLOL]HU>
@,WDOVRFRQWDLQVDODUJHDPRXQWRIKHDY\PHWDOV
1L3E&GHWF GHWHUJHQWVSHVWLFLGHVDQGVDOWV>
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7$%/(
&KHPLFDOFRPSRVLWLRQRIDQDHURELFDQGDHURELFVHZDJHZDWHUFROOHFWHGIURP
ZDWHUWUHDWPHQWSODQW$FKNHUD
3DUDPHWHUV
$QDHURELFZDWHU
$HURELFZDWHU
S+


(&
ȝPROFP
ȝPROFP
7XUELGLW\
178
178
7'6
PJO
PJO
'2
PJO
PJO
%2'V
PJO
PJO
PJO
PJO
12
PJO
PJO
32
PJO
PJO
32
3
PJO
PJO
7RWDO1
PJO
PJO
.
PJO
PJO
PJO
PJO
1+

QHHGVRISODQWV$QDHURELFDQGDHURELFVHZDJHZDWHU
RIHDFKOHDIVKRRWDQGURRWVDPSOHZDVWDNHQLQGL
LUULJDWLRQZDVDSSOLHGDWWKUHHOHDIVWDJH'DWDZHUH
JHVWLRQIODVNDQGPO+62 ZDVDGGHG7KLVVROX
WLRQ ZDV SODFHG DW URRP WHPSHUDWXUH IRU  KRXUV
FROOHFWHGDIWHUGD\VRIVRZLQJ)ROORZLQJSDUDP
1H[WGD\WKHPDWHULDOZDVKHDWHGRQKRWSODWHDQG
HWHUV ZHUH VWXGLHG DQG DQDO\]HG E\ XVLQJ D FRVWDW
+2ZDVSRXUHGGURSE\GURSXQWLOWKHPL[WXUHEH
VRIWZDUH
FDPHFRORUOHVV$IWHUWKDWWKHYROXPHRIPL[WXUHZDV

PDLQWDLQHGXSWRPOZLWKWKHKHOSRIGLVWLOOZDWHU
5RRWDQGVKRRWIUHVKZHLJKW J 3ODQWVZHUH
)ODPHSKRWRPHWHUZDVXVHGWRJHWWKHUHDGLQJVIRU
XSURRWHGFDUHIXOO\IURPWKHVDQGZDVKHGDQGWKHLU
1D.DQG&DLRQV>@
ZHLJKWRIURRWDQGVKRRWZDVPHDVXUHGZLWKWKHKHOS
RIHOHFWULFEDODQFH

<LHOGSDUDPHWHUV1XPEHURIOHDYHVQXPEHU

RI WLOOHUV SHU SODQW QXPEHU RI VSLNHV DQG VSLNHOHWV
5RRWDQGVKRRWOHQJWK FP $IWHUFDUHIXOXS
SHUSODQWZHUHFRXQWHGDQGZHLJKWRIJUDLQVZDV
URRWLQJ RI SODQWV WKH OHQJWK RI URRW DQG VKRRW ZDV
DOVRPHDVXUHGE\HOHFWULFEDODQFH
PHDVXUHGE\XVLQJVFDOH3ODQWKHLJKWZDVDOVRPHDV
XUHGIURPWKHEDVHRIWKHURRWWRWKHWLSRIVKRRW

6WDWLVWLFDO DQDO\VLV &267$7 VRIWZDUH ZDV

XVHWRDQDO\]HGWKHGDWD
5RRW DQG VKRRW GU\ ZHLJKW J  7R PHDVXUH
WKH GU\ ZHLJKW RI URRW DQG VKRRW HDFK VDPSOH ZDV

GULHGLQRYHQIRURQHZHHNDWR&DQGWKHQWKHLUGU\

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


3KRWRV\QWKHWLF SLJPHQWV $UQRQ¶V PHWKRG
:DVWHZDWHUFRQWDLQHGDODUJHDPRXQWRIKHDY\
ZDVXVHGWRGHWHUPLQHWKHFKORURSK\OOabDQGFD
PHWDOV ZKLFK LQKLELW WKH JURZWK GHYHORSPHQW DQG
URWHQRLGFRQWHQWV>@)RUWKLVSXUSRVHJIUHVK
SKRWRV\QWKHWLF DFWLYLW\ RI GLIIHUHQW SODQWV > @
OHDIZDVFXWLQWRVPDOOSLHFHVLQSODVWLFERWWOHDQG
:DVWH ZDWHU FRQWDLQ PDQ\ SDWKRJHQV DQG WUDFH
PO  DFHWRQH VROXWLRQ ZDV DGGHG 7KLV PL[WXUH
DPRXQW RI KHDY\ PHWDOV ZKLFK HIIHFWV WKH SODQW
ZDVSODFHGDW&IRURQHQLJKW1H[WGD\WKHDE
JURZWKDWHYHU\GHYHORSPHQWDOVWDJHDQGSDWKRJHQV
VRUEDQFHRIHDFKVDPSOHZDVQRWHGDWDQG
FDXVHGPDMRUGLVHDVHVLQSODQWV>@,QRXUILQGLQJV
 QP E\ XVLQJ D VSHFWURSKRWRPHWHU ,50(&2
IUHVKDQGGU\ZHLJKWRIURRWDQGVKRRWSODQWKHLJKW
0RGHO8 
VKRRWOHQJWKDQGURRWOHQJWKRIERWKZKHDWJHQRW\SHV

6KDIDTDQG/DVDQL VLJQLILFDQWO\ 3 
)ODJOHDIDUHD)RUGHWHUPLQDWLRQRIIODJOHDI
GHFUHDVHGXQGHUWKHDSSOLFDWLRQRIVHZDJHZDWHU DQ
DUHD OHQJWK DQG PD[LPXP ZLGWK RI HDFK IODJ OHDI
DHURELFDQGDHURELFZDWHU  7DEOHDQG)LJXUH 
ZDV UHFRUGHG $IWHU WKDW IODJ OHDI DUHD ZDV GHWHU
6DPHUHVXOWZDVVWXGLHGLQFDQRODSODQW>@DQGLQ
PLQHGE\XVLQJIROORZLQJIRUPXOD
Trigonella foenumgraecum>@/HQJWKRIURRWZDV
/HDIIODJDUHD /HDIOHQJWK[0D[OHDIZLGWK
GHFUHDVHGLQULFHSODQWGXHWRWKHDSSOLFDWLRQRIVHZ
[&RUUHFWLRQ)DFWRU &) 
DJHZDWHUEXWVKRRWOHQJWKDQG\LHOGSDUDPHWHUVLQ
:KHUH:KHDW&) 
FUHDVHG>@5RRWDQGVKRRWZHLJKW GU\DQGIUHVK 

GHFUHDVHGLQWKLVH[SHULPHQWDQGVDPHUHVXOWZDVRE
'HWHUPLQDWLRQRI1D.DQG&D,QRUGHU
VHUYHG LQ VXQIORZHU >@ FDQROD >@ ZKHDW >@
WRPHDVXUHGLIIHUHQWPLQHUDOLRQVJGU\PDWHULDO
U\HJUDVV>@DQGEDUOH\>@$QDHURELFZDWHUWUHDW
PHQWFDXVHGPRUHUHGXFWLRQLQJURZWKGHYHORSPHQW
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DQG\LHOGSDUDPHWHUVDVFRPSDUHGWRDHURELFZDWHU
WUHDWPHQW6KDIDTSHUIRUPHGEHWWHUWKHQ/DVDQL
 XQGHU ERWK VWUHVV DQG QRQVWUHVV FRQGLWLRQV
/HQJWKRIVKRRWDQGURRWUHGXFHGLQPDL]HSODQW>@
DQGVigna radiate>@XQGHUDQDHURELFDQGDHURELF

ZDWHUWUHDWPHQWV3ODQWKHLJKWDOVRGHFUHDVHGE\WKH
VHZDJHZDWHUWUHDWPHQWV 7DEOHDQG)LJXUH DQG
VDPHUHVXOWZDVVWXGLHGLQFDQROD>@DQGVXQIORZHU
>@6HZDJHZDWHUGHFUHDVHGWKHJURZWKDWWULEXWHV
LQ3LJHRQSHDFURS>@,QVRPHH[SHULPHQW


),*85(
)UHVKZHLJKWGU\ZHLJKWDQGOHQJWKRIURRWDQGVKRRWSODQWKHLJKWDQGFKORURSK\OODRIWZRZKHDWJHQR
W\SHVZKHQGD\ROGSODQWVZHUHJURZQXQGHUQRUPDODQDHURELFDQGDHURELFVHZDJHZDWHU
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),*85(
1XPEHURIOHDYHVOHDIDUHDDQG1DDQG.LRQVRIURRWVKRRWDQGOHDYHVRIWZRZKHDWJHQRW\SHVZKHQ
GD\VROGSODQWZHUHJURZQXQGHUQRUPDODQDHURELFDQGDHURELFVHZDJHZDWHU

VHZDJH ZDWHU WUHDWPHQW LQFUHDVHG WKH JURZWK ELR
PDVVDQG\LHOGSDUDPHWHUV SRGVZHLJKWOHQJWKDQG
QXPEHU  RI EHDQ >@ 6HZDJH ZDWHU IURP SDSHU
SODQW LQGXVWULHV LQFUHDVHG WKH JURZWK RI OHQWLO SHD
DQGJUDP>@&KURPLXPKDYHWR[LFHIIHFWRQULFH
SODQW ZKLFK GHFUHDVHG WKH SODQW OHQJWK JUDLQ \LHOG
DQGQXPEHURIWLOOHUSHUSODQW>@3ODQWJURZWK
DQG GHYHORSPHQW UHGXFHG E\ WKH WR[LFLW\ RI KHDY\
PHWDOVVXFKDV$V&U=Q3E0R1L6H+JDQG
&G>@8QGHUWKHDSSOLFDWLRQRIZDVWHZDWHUOHDI\
YHJHWDEOHVDFFXPXODWHGODUJHDPRXQWRIKHDY\PHW
DOVDVFRPSDUHGWRJUDLQFURSV>@6HZDJHZD
WHULQFUHDVHGWKHVDOWFRQFHQWUDWLRQZKLFKGHFUHDVHG
WKHJURZWKLQULFHSODQW>@
,Q FXUUHQW VWXGLHV \LHOG DWWULEXWHV QXPEHU RI
OHDYHVWLOOHUVSLNHVDQGVSLNHOHWVSHUSODQWDQGOHDI
IODJDUHDRIERWKZKHDWJHQRW\SHVFRQVLGHUDEO\ 3
 GHFUHDVHGXQGHUVHZDJHZDWHUWUHDWPHQWEXW
QRUPDO ZDWHU LUULJDWLRQ WUHDWPHQW JDYH PD[LPXP

\LHOG 7DEOHDQG)LJXUHV DQGVDPHUHVXOWVZHUH
REVHUYHG LQ Beta vulgaris>@ ODG\ILQJHU >@ DQG
VSLQDFK>@6HZDJHZDWHUHIIHFWWKH\LHOGRIGLIIHU
HQWSODQWV>@6LPLODUO\OHDIIODJDUHDEDGO\DI
IHFWHGE\DHURELFVHZDJHZDWHUWUHDWPHQWLQSUHVHQW
VWXGLHV 7DEOHDQG)LJXUH DQGVDPHUHVXOWVZDV
REVHUYHG LQ FDQROD >@ XQGHU VHZDJH ZDWHU WUHDW
PHQW<LHOGLQFUHDVHGLQFDXOLIORZHUDQGUHGFDEEDJH
>@DQGPXQJEHDQ>@E\WKHZDVWHZDWHUDSSOLFD
WLRQ  JUDLQ ZHLJKW FRQVLGHUDEO\ 3    LQ
FUHDVHGXQGHUVHZDJH DQDHURELFDQGDQDHURELF ZD
WHUWUHDWPHQWDVFRPSDUHGWRQRUPDOZDWHUWUHDWPHQW
7DEOHDQG)LJXUH 6LPLODUUHVXOWZDVVWXGLHGLQ
ZKHDW >@ EHDQ >@ FRUQ >@ RDW >@ DQG
U\HJUDVV >@ $Q H[SHULPHQW RQ 0DODEDU VSLQDFK
>@DQGFRQFOXGHGWKDWWKHJURZWKZDVEHWWHUXQGHU
VHZDJHZDWHUDSSOLFDWLRQDVFRPSDUHGWRWKHQRUPDO
ZDWHULUULJDWLRQ6RLOIHUWLOLW\DIIHFWHGE\WKHDSSOL
FDWLRQRIVHZDJHZDWHUDVDUHVXOWFURSSURGXFWLRQ
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),*85(
&DLRQV URRWVKRRWDQGOHDYHV QXPEHURIWLOOHUVVSLNHVVSLNHVOHWVSHUSODQWRIWZRZKHDWJHQRW\SHV
ZKHQGD\VROGSODQWZHUHJURZQXQGHUQRUPDODQDHURELFDQGDHURELFVHZDJHZDWHU

GHFUHDVHG >@ &DQROD VHHG SURGXFWLRQ GHFUHDVHG
XQGHUWKHWUHDWPHQWRIZDVWHZDWHU>@:DVWHZDWHU
WUHDWPHQW LQFUHDVHG WKH DPRXQW RI KHDY\ PHWDOV LQ
VRLOZKLFKDOWHUWKHSK\VLRORJLFDODQGPHWDEROLFDF
WLYLWLHVLQVSLQDFKSODQW,WDOVREDGO\HIIHFWVWKHSODQW
YLJRUJURZWKDQG\LHOGSURGXFWLRQ>@+LJKHUFRQ
FHQWUDWLRQRIGLIIHUHQWHOHPHQWVVXFKDV&G3E&U
=QDQG&XLQGLIIHUHQWSODQWSDUWVVLJQLILFDQWO\GH
FUHDVHGWKH\LHOGDWWULEXWHV>@
,QSUHVHQWVWXG\FKORURSK\OOEDQGFDURWHQRLGV
FRQWHQWVLJQLILFDQWO\ 3DQG3UHVSHF
WLYHO\  LQFUHDVHG ZKLOH FKORURSK\OO D VKRZHG QRQ
VLJQLILFDQWHIIHFWXQGHUDQDHURELFDQGDHURELFZDWHU



WUHDWPHQW 7DEOH  DQG )LJXUH   2YHUDOO SHUIRU
PDQFHRI6KDIDTEHWWHUDVFRPSDUHGWR/DVDQL
EXWLQFKORURSK\OOFRQWHQW/DVDQLSHUIRUPHGEHW
WHU7KHSODQWVZKLFKZHUHLUULJDWHGZLWKVHZDJHZD
WHUKDGGDUNJUHHQOHDYHVDVFRPSDUHGWRQRUPDOZD
WHULUULJDWLRQ>@+LJKFRQFHQWUDWLRQRIVHZDJHZD
WHUGHFUHDVHGWKHV\QWKHVLVRIFKORURSK\OOaPROHFXOH
LQPHWKL>@6LPLODUO\FKORURSK\OOFRQWHQWVZHUH
HQKDQFHGE\VHZDJHZDWHUDSSOLFDWLRQLQEHDQV>@
DQGRDWV>@<LHOGDQGFKORURSK\OOFRQWHQWVZHUH
LQFUHDVHGLQZKLWHUDGLVKDQGJUHHQEHDQXQGHUVHZ
DJH ZDWHU WUHDWPHQW >@ $QDHURELF DQG DHURELF
ZDVWHZDWHUKDYHODUJHDPRXQWRI0JDQG0JLVD
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PDMRUSDUWRIFKORURSK\OOVRFKORURSK\OOFRQWHQWLQ
FUHDVHG XQGHU ZDVWH ZDWHU WUHDWPHQW >@ +HDY\
PHWDOV GHFUHDVHG WKH SKRWRV\QWKHWLF UDWH EHFDXVH
KHDY\PHWDOVGLVRUGHUHGWKHVWUXFWXUHRIFKORURSODVW
HOHFWURQWUDQVSRUWFKDLQDQGUHGXFHGWKHHQ]\PHDF
WLYLW\RIFDOYLQF\FOH>@
&D DQG . LRQV FRQFHQWUDWLRQ LQ URRW VKRRW
DQGOHDYHVVKRZHGQRQVLJQLILFDQWHIIHFWXQGHUVHZ
DJHZDWHUDSSOLFDWLRQ$PRXQWRI1DLRQVVLJQLIL
FDQWO\ 3 UHGXFHGLQVKRRWRIERWKZKHDWJHQ
RW\SHEXW1DLRQVFRQFHQWUDWLRQZDVQRWDIIHFWHGLQ
URRWDQGOHDYHVE\WKHDSSOLFDWLRQRIDQDHURELFDQG
DHURELFVHZDJHZDWHUWUHDWPHQWV 7DEOHDQG)LJ
XUHV 6DPHUHVXOWZDVVWXGLHGLQVRLOSODQW>@
6HZDJHZDWHUDSSOLFDWLRQLQFUHDVHGWKH1DLRQVLQ
GLIIHUHQWSDUWVRIWKHSODQWV>@1D.DQG
&DLRQVLQFUHDVHGLQWKHVRUJKXPXQGHUZDVWHZD
WHU LUULJDWLRQ >@ 1D LRQV LQFUHDVHG LQ GLIIHUHQW
SODQWV FDUURWUDGLVKDQGOHWWXFHVDODG GXHWRZDVWH
ZDWHU DSSOLFDWLRQ >@ 6LPLODU UHVXOWV REVHUYHG LQ
Lactuca sativa/>@Beta vulgaris/>@DQGFDQ
ROD>@+LJKDPRXQWRI1DGHFUHDVHGWKHSHUPHD
ELOLW\RIVRLODQGFDXVHGKDUGHQLQJRIVRLO>@


&21&/86,216

$OORYHUWKHZRUOGVHZDJHZDWHULVXVHGIRULU
ULJDWLRQSXUSRVHVGXHWRWKHOLPLWHGVRXUFHRIZDWHU
EXWWKHORQJWHUPXVHRIVHZDJHZDWHUEHFRPHWR[LF
IRUSODQWVJURZWKDQGSURGXFWLRQ+HDY\PHWDODFFX
PXODWHVLQGHOLFDWHSODQWSDUWV:DVWHZDWHUDSSOLFD
WLRQ LQFUHDVHG WKH FRQFHQWUDWLRQ RI GLIIHUHQW VDOWV
ZKLFK GLUHFWO\ DIIHFW WKH KHDOWK RI SODQWV DQG DQL
PDOV$VPDOODPRXQWRIGLVVROYHGR[\JHQZDVSUH
VHQWLQVHZDJHZDWHUVRLWGHFUHDVHGWKHELRORJLFDO
DQG PRUSKRORJLFDO DWWULEXWHV /RZ DPRXQW RI R[\
JHQDOVRGLVWXUEHGWKHUHVSLUDWRU\SURFHVVLQSODQWV
DQGSURGXFHGORZHUDPRXQWRI$73DVDUHVXOWFHOO
GLYLVLRQFHOOJURZWKDQGPHWDEROLFSURFHVVHVVORZ
GRZQRUGHFUHDVHG


5()(5(1&(6

>@ $QLWD65DMHVK.60DGKRROLND$DQG)LRQD
00  +HDOWKULVNDVVHVVPHQWRIKHDY\PHWDOV
YLDGLHWDU\LQWDNHRIIRRGVWXIIVIURPWKHZDVWHZDWHU
LUULJDWLRQ VLWH RI D GU\ WURSLFDO DUHD RI ,QGLD )RRG
&KHPLFDO7R[LFRORJ\
>@ .KD\DWQH]KDG0*KRODPLQ56RPDULQ6-DQG
=DELKL 5   6WXG\ WKH 1D&O VDOLQLW\ HIIHFW RQ
ZKHDW Triticum aestivum/ FXOWLYDUVDWJHUPLQDWLRQ
VWDJH -RXUQDO RI $JULFXOWXUHDQG (QYLURQPHQW 6FL
HQFH
>@ $O*KDPGL $$   (YDOXDWLRQ RI R[LGDWLYH
VWUHVVWROHUDQFHLQWZRZKHDW Triticum aestivum/ 
FXOWLYDUVLQUHVSRQVHWRGURXJKW,QWHUQDWLRQDO-RXU
QDORI$JULFXOWXUHDQG%LRORJ\

>@ *XO+6DLG$6DHHG%0RKDPPDG)DQG$K
PDG,  (IIHFWRIIROLDUDSSOLFDWLRQRIQLWURJHQ
SRWDVVLXPDQG]LQFRQZKHDWJURZWK-RXUQDORI$JUL
FXOWXUHDQG%LRORJLFDO6FLHQFH
>@ +XOXJDOOH 15 :HDYHU 7% *KDGLUL + DQG
+LFNV $   (IIHFW RI LUULJDWLRQ FRWWRQ ZLWK
WUHDWHGVHZDJHHIIOXHQWRQVRLOSURSHUWLHVDQGGHHS
GUDLQDJHLQDYHUWLVRO,QWHUQDWLRQDO6RLO&RQVHUYDWLRQ
2UJDQLVDWLRQ&RQIHUHQFH%ULVEDQHSS
>@ *KDIRRU$4DGLU06DGLT00XUWD]D*DQG
%UDU06  /HDGFRSSHU]LQFDQGLURQFRQ
WDPLQDWLRQVLQVRLOVDQGYHJHWDEOHVLUULJDWHGZLWKFLW\
HIIOXHQWRQXUEDQDJULFXOWXUDOODQGV-RXUQDORI,QGLDQ
6RFLDODQG6RLO6FLHQFH
>@ 4DGLU0:LFKHOQV'5DVFKLG6DOO\/0FFRU
QLFN 3* 'UHFKVHO 3 %DKUL $ DQG 0LQKDV
36  7KHFKDOOHQJHVRIZDVWHZDWHULUULJDWLRQ
LQGHYHORSLQJFRXQWULHV$JULFXOWXUHDQG:DWHU0DQ
DJHPHQWKWWSZZZVFLHQFHGLUHFWFRP
>@ :RQJ -:& /DO .0 6X '6 DQG )DQJ 0
  $YDLODELOLW\ RI KHDY\ PHWDOV IRU Brassica
chinensis JURZQ LQ DQ DFLGLF ORDP\ VRLO DPHQGHG
ZLWKGRPHVWLFDQGLQGXVWULDOVHZDJHVOXGJH:DWHU
$LU6RLO3ROOXWLRQ
>@ 0DUWLQH] ) &XHYDV * &DOYR 5 DQG :DOWHU ,
 %LRZDVWHHIIHFWVRQVRLODQGQDWLYHSODQWVLQD
VHPLDULG HFRV\VWHP -RXUQDO RI (QYLURQPHQW DQG
4XDOLW\
>@'DL-<&KHQ$/LQJ1=KDR$DQG-LDQ)X
0  &KDUDFWHULVWLFVRIVHZDJHVOXGJHDQGGLVWUL
EXWLRQRIKHDY\PHWDOVLQSODQWVZLWKDPHQGPHQWRI
VHZDJH VOXGJH -RXUQDO RI (QYLURQPHQWDO 6FLHQFH

>@$SDULFLR-6DQWRV/DQG$ORQVR(  6LPXO
WDQHRXVVRQLFDWLRQDVVLVWHGH[WUDFWLRQDQGGHWHUPLQD
WLRQE\JDVFKURPDWRJUDSK\PDVVVSHFWURPHWU\RI
GL HWK\OKH[\O SKWKDODWHQRQ\OSKHQROQRQ\OSKH
QRO HWKR[\ODWHV DQG SRO\FKORULQDWHG ELSKHQ\O LQ
VOXGJHIURPZDVWHZDWHUWUHDWPHQWSODQWV$QDO\WLFDO
&KHPLVWU\$FWD
>@6LQJK .3 0RKRQ ' 6LQKD 6 DQG 'DOZDQL
5   ,PSDFW DVVHVVPHQW RI WUHDWHGXQWUHDWHG
ZDVWHZDWHUWR[LFDQWVGLVFKDUJHE\VHZDJHWUHDWPHQW
SODQWRQKHDOWKDJULFXOWXUDODQGHQYLURQPHQWDOTXDO
LW\LQZDVWHZDWHUGLVSRVDODUHD&KHPRVSKHUH

>@8OODK+.KDQ,DQG8OODK,  ,PSDFWRIVHZ
DJHFRQWDPLQDWHGZDWHURQVRLOYHJHWDEOHVDQGXQ
GHUJURXQG ZDWHU RI SHULXUEDQ 3HVKDZDU 3DNLVWDQ
(QYLURQPHQWDO
0RQLWRULQJ
$VVHVVPHQW
KWWSZZZQFELQOPQLKJRYSXEPHG
>@+DPLOWRQ$-6WDJQLWWL);LRQJ;.UHLGO6/
%HQNH..DQG0DKHU3  5HYLHZVDQGDQDO
\VHVZDVWHZDWHULUULJDWLRQ7KHVWDWHRISOD\9DGRVH
=RQH-RXUQDO
>@0XUWD]D * *DIRRU $ 4DGLU 0 DQG 5DVKLG
0.  $FFXPXODWLRQDQGELRDYDLODELOLW\RI&G
&RDQG0QLQVRLOVDQGYHJHWDEOHVLUULJDWHGZLWKFLW\
HIIOXHQW3DNLVWDQ-RXUQDORI$JULFXOWXUHDQG6FLHQFH
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>@%DNKVK.$VKIDT0DQG$ODP0:  (I
IHFWVRISRRUTXDOLW\RIJURXQGZDWHURQFDUURWSUR
GXFWLRQ$FRPSDUDWLYHVWXG\-RXUQDORI$JULFXOWXUDO
6RFLHW\DQG6FLHQFH
>@=KDR<&DR'/LX/DQG-LQ:  0XQLF
LSDOZDVWHZDWHUWUHDWPHQWE\PRYLQJEHGELRILOPUH
DFWRUZLWKGLDWRPDFHRXVHDUWKDVFDUULHUV:DWHU(Q
YLURQPHQWDO5HVHDUFK
>@*KRVK$.%KDWW0$DQG$JUDZDO+3  
(IIHFWRIORQJWHUPDSSOLFDWLRQRIWUHDWHGVHZDJHZD
WHURQKHDY\PHWDODFFXPXODWLRQLQYHJHWDEOHVJURZQ
LQ 1RUWKHUQ ,QGLD (QYLURQPHQWDO 0RQLWRULQJ $V
VHVVPHQW
>@$URUD0.LUDQ%5DQL65DQL$.DXU%DQG
0LWWDO1  +HDY\PHWDODFFXPXODWLRQLQYHJH
WDEOHV LUULJDWHG ZLWK ZDWHU IURP GLIIHUHQW VRXUFHV
-RXUQDO)RRG&KHPLVWU\
>@*KDHGL 0 6KRNUROODKL $ .LDQIDU $+
0LUVDGHJKL $6 3RXUIDURNKL $ DQG 6R\ODN
0  7KHGHWHUPLQDWLRQRIVRPHKHDY\PHWDOVLQ
IRRGVDPSOHVE\IODPHDWRPLFDEVRUSWLRQVSHFWURPH
WU\ DIWHU WKHLU VHSDUDWLRQ SUHFRQFHQWUDWLRQ RQ ELV
VDOLF\ODOGHK\GHSURSDQHGLLPLQH %63', ORDGHG
RQDFWLYDWHGFDUERQ-+D]DUG0DWHU
>@6LQJK53DQG$JUDZDO0  8VHRIVHZDJH
VOXGJHDVIHUWLOL]HUVXSSOHPHQWIRUAbelmoschus esculentus SODQWV SK\VLRORJLFDO ELRFKHPLFDO DQG
JURZWKUHVSRQVHV,QWHUQDWLRQDO-RXUQDORI(QYLURQ
PHQWDQG:DVWH0DQDJHPHQW
>@0RUD 6- )RZOHU 6: &DVVL 5 DQG 7RORVD
,  $VVHVVPHQWRIRUJDQRWLQFRQWDPLQDWLRQLQ
PDULQHVHGLPHQWVDQGELRWDIURPWKH*XOIDQGDGMD
FHQWUHJLRQ0DULQH3ROOXWLRQ%XOOHWLQ
>@$O2WKPDQ$=$OL5$O2WKPDQ$0$OL-
DQG+DELOD0$  $VVHVVPHQWRIWR[LFPHWDOV
LQZKHDWFURSVJURZQRQVHOHFWHGVRLOVLUULJDWHGE\
GLIIHUHQWZDWHUVRXUFHV$UDELDQ-RXUQDORI&KHPLV
WU\ 6 
>@6LQJK 3. 'HVKEKUDWDU 3% DQG 5DPWHNH
'6  (IIHFWRIVHZDJHZDVWHZDWHULUULJDWLRQRQ
VRLOSURSHUWLHVFURS\LHOGDQGHQYLURQPHQW$JULFXO
WXUDO:DWHU0DQDJHPHQW
>@+DULQJ 9 0DQNDDEXVL ' $NRWR'DQVR (.
:HUQHU 6 $WLDK . 6WHLQHU & /RPSR '3
$GLNX6%XHUNHUW$DQG0DUVFKQHU%  (I
IHFWVRIELRFKDUZDVWHZDWHULUULJDWLRQDQGIHUWLOL]D
WLRQRQVRLOSURSHUWLHVLQ:HVW$IULFDQXUEDQDJULFXO
WXUH6FLHQWLILF5HSRUWV$UWLFOH,'
>@5DMRU$.XQDODQG%KDOOD*  ,PSDFWRIVHZ
DJHRQVHHGJHUPLQDWLRQDQGJURZWKRINKDULIDQG
UDELFURSV-RXUQDORI&KHPLVWU\(QYLURQPHQWDO6FL
HQFHVDQG,WV$SSOLFDWLRQV
>@$KPDG%%DNKVK.DQG+DVVDQ6  (IIHFW
RIVHZDJHZDWHURQVSLQDFK\LHOG,QWHUQDWLRQDO-RXU
QDORI$JULFXOWXUHDQG%LRORJ\
>@0RUDGL 6 +HLGDUL + 6DHLGL 0 DQG 1RVUDWWL
,   (IIHFW RI VHZDJHFRQWDPLQDWHG ZDWHU RQ
VHHG SURGXFWLRQ KHDY\ PHWDOV DFFXPXODWLRQ DQG
VHHGOLQJHPHUJHQFHLQRDW*OREDO1(67-RXUQDO


>@$UQRQ'7  &RSSHUHQ]\PHLQLVRODWHGFKOR
URSODVWVSRO\SKHQROR[LGDVHLQBeta vulgaris3ODQW
3K\VLRORJ\
>@:ROI %   $ FRPSUHKHQVLYH V\VWHP RI OHDI
DQDO\VLVDQGLWVXVHIRUGLDJQRVLQJFURSQXWULHQWVWD
WXV&RPPXQLFDWLRQLQ6RLO6FLHQFHDQG3ODQW$QDO
\VLV
>@/LQ')/XR+/DQG6KHHQ<1  *OD]HG
WLOHV PDQXIDFWXUHG IURP LQFLQHUDWHG VHZDJH VOXGJH
DVKDQGFOD\-RXUQDORI$LU:DVWH0DQDJHPHQW$V
VRFLDWLRQ
>@6KDGPD1DQG3DQGH\61  (IIHFWVRILQGXV
WULDO ZDVWH ZDWHU RQ KHDY\ PHWDOV DFFXPXODWLRQ
JURZWK DQGELRFKHPLFDO UHVSRQVHV RI OHWWXFH Lactuca sativa /  -RXUQDO RI (QYLURQPHQWDO %LRORJ\

>@5R\ 6 %DQQD /1 0DPXQ 6$ DQG )DUXNK
0$  (IIHFWVRILQGXVWULDOZDVWHZDWHUUHXVH
IRUFURSSURGXFWLRQ$FDVHVWXG\LQ7HMJDRQPHWUR
SROLWDQDUHDRI'KDND%DQJODGHVK-RXUQDORI%DQJ
ODGHVK$JULFXOWXUH8QLYHUVLW\
>@$KPDG.(MD]$$]DP0.KDQ=,$VKUDI
0$O4XUDLQ\))DUGRXV$*RQGDO6%D\DW
$5 DQG 9DOHHP ((   /HDG FDGPLXP DQG
FKURPLXPFRQWHQWVRIFDQRODLUULJDWHGZLWKVHZDJH
ZDWHU3DNLVWDQ-RXUQDORI%RWDQ\
>@0DQLVKD3DQG$QJRRUEDOD%  (IIHFWRIVHZ
DJHRQJURZWKSDUDPHWHUVDQGFKORURSK\OOFRQWHQWRI
Trigonella foenumgraecum 0HWKL  ,QWHUQDWLRQDO
5HVHDUFK-RXUQDORI(QYLURQPHQWDO6FLHQFH
>@6LQJK53DQG$JUDZDO0  (IIHFWRIGLIIHU
HQWVHZDJHVOXGJHDSSOLFDWLRQVRQJURZWKDQG\LHOG
RI9LJQDUDGLDWD/ILHOGFURS0HWDOXSWDNHE\SODQW
(FRORJLFDO(QJLQHHULQJ
>@.DNDU6:DKLG$7DUHHQ5%.DNDU6$DQG
-DEHHQ5  ,PSDFWRIPXQLFLSDOZDVWHZDWHURI
4XHWWDFLW\RQVRPHRLOVHHGFURSVRI3DNLVWDQ(IIHFW
RQELRPDVVSK\VLRORJ\DQG\LHOGRIVXQIORZHU Helianthus annus/ 3DNLVWDQ-RXUQDORI%RWDQ\

>@.KDQ+$$ULI,$DQG$O+RPDLGDQ$$  
'LVWULEXWLRQSDWWHUQRIHLJKWKHDY\PHWDOVLQWKHRXWHU
DQGLQQHUWLVVXHVRIWHQFRPPRQO\XVHGYHJHWDEOHV
,QWHUQDWLRQDO-RXUQDORI)RRG3URGXFWLRQ

>@5XVDQ 0-0 +LQQDZL 6 DQG 5RXVDQ /  
/RQJWHUPHIIHFWRIZDVWHZDWHULUULJDWLRQRIIRUDJH
FURSVRQVRLODQGSODQWTXDOLW\SDUDPHWHUV'HVDOLQD
WLRQ
>@&KDR%<+XL*&<XQ77:HQ=;5DQ
;< +XD 6< DQG .H )   5HVSRQVHV RI
U\HJUDVV Lolium perenne/ JURZQLQPXGIODWVWR
VHZDJHVOXGJHDPHQGPHQW-RXUQDORI,QWHJUDO0DQ
DJHPHQW
>@0RKDPPDG0-DQG$\DGL0  )RUDJH\LHOG
DQG QXWULHQW XSWDNH DV LQIOXHQFHG E\ VHFRQGDU\
WUHDWHGZDVWHZDWHU -RXUQDORI3ODQW1XWULWLRQ 
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>@.DQJ 06 .LP 60 3DUN 6: /HH -- DQG
<RR .+   $VVHVVPHQW RI UHFODLPHG
ZDVWHZDWHU LUULJDWLRQ LPSDFW RQ ZDWHU TXDOLW\ VRLO
DQGULFHFXOWLYDWLRQLQSXGG\ILHOGV(QYLURQPHQWDO
6FLHQFH+HDOWK-RXUQDO
>@.L]LORJOX)07XUDQ06DKLQ8.XVOX<DQG
'XUVXQ $   (IIHFWV RI XQWUHDWHG DQG WUHDWHG
ZDVWHZDWHULUULJDWLRQRQVRPHFKHPLFDOSURSHUWLHVRI
FDXOLIORZHU Brassica oleracea/YDUERWU\WLV DQG
UHGFDEEDJH Brassica oleracea/YDUUXEUD JURZQ
RQFDOFDUHRXVVRLOLQ7XUNH\$JULFXOWXUH:DWHU0DQ
DJHPHQW
>@0RMLG 0$ %LVZDV 6. DQG :\VHXUH *&/
  ,QWHUDFWLRQ HIIHFW RI LUULJDWLRQ E\ PXQLFLSDO
ZDVWHZDWHUDQGLQRUJDQLFIHUWLOL]HUVRQZKHDWFXOWL
YDWLRQLQ%DQJODGHVK)LHOG&URS5HVHDUFK

>@%KXL\DQ0$55DKPDQ006KDLG$%DVKDU
00DQG.KDQ0$  6FRSHRIUHXVLQJDQG
UHF\FOLQJWKHWH[WLOHZDVWHZDWHUDIWHUWUHDWPHQWZLWK
JDPPD UDGLDWLRQ -RXUQDO RI &OHDQHU 3URGXFWLRQ

>@6DHHGXU5HKPDQ.:DKLG$7DUHHQ5%.D
NDU6$7DULT0DQG.D\DQL6$  ,PSDFW
RIPXQLFLSDOZDVWHZDWHURI4XHOWDFLW\RQELRPDVV
SK\VLRORJ\DQG\LHOGRIFDQROD Brassica napus 3D
NLVWDQ-RXUQDORI%RWDQ\
>@6XWDSD % DQG %KDWWDFKDU\\D $.   +HDY\
PHWDO DFFXPXODWLRQ LQ ZKHDW SODQW JURZQ LQ VRLO
DPHQGHG ZLWK LQGXVWULDO VOXGJH &KHPRVSKHUH 

>@.KDOLT 6-$ $OEXVDLGL $ $KPHG 0 $O
:DUG\$$JUDPD+DQG&KRXGUL%6  7KH
HIIHFWRIPXQLFLSDOVHZDJHVOXGJHRQWKHTXDOLW\RI
VRLODQGFURSV,QWHUQDWLRQDO-RXUQDORI5HF\FOLQJ2U
JDQL]DWLRQDQG:DVWH$JULFXOWXUH
>@6HUHJLQ,9DQG,YDQRY9%  3K\VLRORJLFDO
$VSHFWVRIFDGPLXPDQGOHDGWR[LFHIIHFWVRQKLJKHU
SODQWV5XVVLDQ-RXUQDORI3ODQW3K\VLRORJ\

>@$ULHQ]R0&KULVWHQ(:4XD\OH:DQG.XPDU
$  $UHYLHZRIWKHIDWHRISRWDVVLXPLQWKHVRLO
SODQW V\VWHP DIWHU ODQG DSSOLFDWLRQ RI ZDVWH ZDWHU
-RXUQDO+D]DUGV0HWURORJ\
>@'DNRXUH 0<6 0HUPRXG $ <DFRXED + DQG
%RLYLQ3  ,PSDFWVRILUULJDWLRQZLWKLQGXVWULDO
WUHDWHG ZDVWHZDWHU RQ VRLO SURSHUWLHV *HRGHUPD

>@%HGEDELV6%HQ5RXLQD%%RXNKULV0DQG)HU
UDUD *   (IIHFW RI LUULJDWLRQ ZLWK WUHDWHG
ZDVWHZDWHURQVRLOFKHPLFDOSURSHUWLHVDQGLQILOWUD
WLRQ UDWH -RXUQDO RI (QYLURQPHQWDO 0DQDJHPHQW

>@*DODYL0-DOLO$5DPURRGL00RXVDYL65
DQG *DODYL +   (IIHFWV RI WUHDWHG PXQLFLSDO
ZDVWHZDWHURQVRLOFKHPLFDOSURSHUWLHVDQGKHDY\
PHWDO XSWDNH E\ VRUJKXP Sorghum bilocular / 
-RXUQDORI$JULFXOWXUDO6FLHQFH

>@4DVLP01DKHHGD-+LPD\DWXOODKDQG6XEKDQ
0  (IIHFWRIVHZDJHVOXGJHRQWKHJURZWKRI
PDL]HFURS-RXUQDORI%LRORJLFDO6FLHQFH
>@$KPDG..KDQ=,$VKUDI6(MD]$6KDKHHQ
05D]D6+$EEDV)DQG7DKLU+0  (I
IHFWRIVHZDJHZDWHULUULJDWLRQRQWKHXSWDNHRIVRPH
HVVHQWLDO PLQHUDOV LQ FDQROD Brassica napus /  D
SRWHQWLDO IRUDJH FURS IRU UXPLQDQWV 3DNLVWDQ -RXU
QDORI/LIHDQG6RFLDO6FLHQFH
>@$QGDOHHE ) $QMXP =0 $VKUDI 0 DQG
0DKPRRG .=   (IIHFW RI FKURPLXP RQ
JURZWKDWWULEXWHVLQVXQIORZHU Helianthus annus/ 
-RXUQDORI(QYLURQPHQWDO6FLHQFH
>@-\RWL6DQG/DXUD-6  (IIHFWRIVHZDJHLUUL
JDWLRQRQ\LHOGRISHDDQGSLJHRQSHD-RXUQDORI,Q
WHUQDWLRQDO6FLHQFHDQG7HFKQRORJ\
>@=HLG,0DQG$ERX(O*KDWH+0  (IIHFWRI
VHZDJH ZDWHU RQ JURZWK PHWDEROLVP DQG \LHOG RI
EHDQ-RXUQDORI%LRORJLFDO6FLHQFH
>@.KDQ 0* 'DQOH *, .RQML 0 7KRPDV $
(\DVX66DQG$ZRNH*  ,PSDFWRIWH[WLOH
ZDVWHZDWHURQVHHGJHUPLQDWLRQDQGVRPHSK\VLR
ORJLFDOSDUDPHWHUVLQSHD Pisum sativum / /HQWLO
Lens esculentum / DQGJUDP Cicer arietinum / 
$VLDQ-RXUQDORI3ODQW6FLHQFH
>@<DPDJXFKL7DQG$VR6  &KURPLXPIURP
WKHVWDQGSRLQWRISODQWQXWULWLRQ,(IIHFWRI&UFRQ
FHQWUDWLRQRQWKHJHUPLQDWLRQDQGJURZWKRISODQWV
-RXUQDO6FLHQFHRI6RLO0DQXUH
>@%HJXP5$=DPDQ0:0RQGRO$70$,
,VODP 06 DQG +RVVDLQ .0)   (IIHFWV RI
WH[WLOHLQGXVWULDOZDVWHZDWHUDQGXSWDNHRIQXWULHQWV
RQWKH\LHOGRIULFH%DQJODGHVK-RXUQDORI$JULFXO
WXUH5HVHDUFK
>@<DJGL . .DFDU 2 DQG $]NDU 1   +HDY\
PHWDOVFRQFHQWUDWLRQLQDJULFXOWXUH2QGRNX]0D\LV
8QLYHUVLWHVL=LUDDW)DNXOWHVL'HUJLVL
>@%UDU060DKOL666LQJK$3$URUD&/DQG
*LOO.6  6HZDJHZDWHULUULJDWLRQHIIHFWVRQ
VRPHSRWHQWLDOO\WR[LFWUDFHHOHPHQWVLQVRLOVDQGSR
WDWRSODQWVLQ1RUWK:HVWHUQ,QGLD&DQDGLDQ-RXU
QDORI6RLO6FLHQFH
>@9DUDGDUDMDQ.  (IIHFWRIVHZDJHSROOXWLRQRQ
WKHSK\VLFRFKHPLFDOSURSHUWLHVRIVRLODQGZDWHUDQG
LWV LPSDFW RQ WKH ELRORJLFDO V\VWHPV 3K' WKHVLV
0DGXUDL.DPDUDM8QLYHUVLW\0DGXUDL,QGLD
>@6LQJK53DQG$JUDZDO0  (IIHFWRIVHZDJH
VOXGJH DPHQGPHQW RQ KHDY\ PHWDOV DFFXPXODWLRQ
DQG FRQVHTXHQW UHVSRQVHV RI Beta vulgaris SODQWV
&KHPRVSKHUH
>@7KDSOL\DO$9DVXGHYDQ3'DVWLGDU0*7DQ
GRQ0DQG0LVKUD6  5HVSRQVHVRQJURZWK
DQG\LHOGRIODG\ILQJHU Abelmoschus esculantus DQG
RQVRLOQXWULHQWV-RXUQDORI(QYLURQPHQWDO%LRORJ\

>@%H]DL =$ DQG $FKDN]DL $..   (IIHFW RI
ZDVWH ZDWHU IURP 4XHWWD FLW\ RQ JHUPLQDWLRQ DQG
VHHGOLQJJURZWKRIOHWWXFH Lactuca sativa / -RXU
QDORI$SSOLHG6FLHQFH
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>@=DYDGLO-  7KHHIIHFWRIPXQLFLSDOZDVWHZD
WHULUULJDWLRQRQWKH\LHOGDQGTXDOLW\RIYHJHWDEOHV
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NEMATOCYSTS TYPES AND MORPHOLOGICAL
FEATURES OF SOME SCYPHOZOA SPECIES IN THE
SOUTHWEST TURKEY
Sibel Cengiz, Nurcin Killi*
Mugla Sitki Kocman University, Faculty of Fisheries, Department of Basic Sciences, 48000, Mugla, Turkey

Cnidarian venoms cause serious health problems in Asia, Australia and the Mediterranean Sea
[4, 5, 6]. In the Mediterranean Sea, jellyfish are not
extremely toxic to humans (7, 8), but some species
such as Physalia physalis, Carybdea marsupialis,
Rhopilema nomadica and Pelagia noctiluca are
potentially dangerous for people [6].
There are thirteen scyphozoa species distributed in Turkey seas. Among these species, Pelagia
noctiluca is a native of the Mediterranean and causes redness, edema, burning, blistering and excessive
pain in humans (9, 10, 11, 12, 13). R. nomadica,
one of the lesepsian species, forms aggregations on
the Mediterranean coast of Turkey, blocking fishing
nets and causing economic losses. In addition, it
affects holidaymakers and causes hospital cases due
to severe pain and wounds. (14, 15). Chrysaora
hysoscella is one of the other effective stinging
species distributed in the Mediterranean Sea. This
species has severe burning feature with its long
tentacles (16). Rhizostoma pulmo does not cause
hospital cases, but it causes burning, redness, blistering and rashes (6). Scyphozoa species directly
reduce fish populations by consuming fish eggs and
larvae and indirectly feeding on zooplankton. They
cause economic losses by damaging fishing and
aquaculture activities by clogging fishing nets and
accumulating in the cooling water pipes of power
plants (17).
There are thirty types of nematocysts identified [18, 19, 20, 21, 22, 23, 24, 25, 26, 27]. Nematocyst types have different morphology and different venom contents. Also, different venoms have
different effects on organisms such as paralytic,
neurotoxic, cytotoxic, dermotoxic and haemolytic
[6, 28, 29, 30].
Sutton and Burnett [31] identified ten different
nematocyst types in Chrysaora quinquecirrha. In
addition, nematocyst morphology of Cyanea capillata (32), C. lamarckii [27, 32], Pelagia noctiluca
[33, 2, 34], Rhopilema nomadica (35), Catostylus
mosaicus and Phyllohiza punctata [36] were studied. In Turkey, there are few studies on the morphology of nematocyst of some species which are
C. andromeda, C. hysoscella, A. aurita and C. tuberculata [37, 16, 38]. Therefore, in this study, it
was aimed to determine the nematocyst types and
morphologies and the relationship between the bell

ABSTRACT
In this study, it was aimed to determine the
nematocyst types and morphologies and the relationship between the bell diameters and nematocyst
numbers of some scyphozoa species in 0X÷OD
coasts, Turkey. Three scyphozoa species which are
Cotylorhiza tuberculata (Macri, 1778), Phyllorhiza
punctata Lendenfeld, 1884 and Chrysaora hysoscella (Linné, 1766) were sampled in 0X÷OD coasts.
Four different methods were experimented for
nematocyst isolation but it was determined that the
most effective method was the tissues were homogenized and then centrifuged. Four and seven nematocyst types were identified in C. tuberculata and P.
punctata, respectively. Generally, euryteles were
the most common nematocyst types in P. punctata
and O-isorhizas were the dominant types in C.
tuberculata samples. Five nematocyst types identified which were a-isorhiza, A-isorhiza, O-isorhiza,
eurytele and polyspiras in C. hysoscella. In C. tuberculata, correlations between bell diameters and
numbers of nematocyst types were found in Aisorhiza and O-isorhiza (r=0,95; r=0,39, respectively) in margins and in all nematocyst types except
O-isorhiza in oral arms. In P. punctata, only correlation was found between the numbers of Oisorhiza and bell diameters (r= 0,53) in the margin.
In oral arms, numbers of a-isorhiza and O-isorhiza
were correlated with bell diameters (r=0,74, r=0,56,
respectively).

KEYWORDS:
Isorhizas, polyspiras, birhopaloid, stenotele, eurytele.

INTRODUCTION
Cnidaria species have special cells organelles
called nematocyst used for defense and capture
prey [1]. Nematocyst consist of a protein capsule
filled with stinging venom and a tightly wound
thread [2]. When contact with nematocyst with
mechanical or chemical stimulants, the thread penetrates into the tissue and injects the venom contents
[3]. Nematocysts are found intensely in tentacles,
oral arms and margins.
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diameters and nematocyst numbers of some scyphozoa species in 0X÷OD coasts, Turkey. Nematocysts are mostly found in tentacles, mouth arms and
margins. In addition, nematocysts rates in different
body parts was also determined in this study. Besides, it was experimented different methods for the
nematocyst isolation and the most effective method
was stated.

methods, it was seen that the nematocysts did not
completely separate from the tissue. When the samples used, they were defreezed in the refrigerator at
+4°C and were shaken one or two hours’ intervals.
The samples were then mixed in the homogenizer
to smash the tissues. Then the samples centrifuged
for five minutes at 5000 rpm at +4°C. Supernatants
were removed and residues were observed under
the light microscope and photographed. One millilitre of subsamples was counted with three replicates.
Identification of nematocyst types was done according to Calder [41] and Östman [42]. Length and
width of undischarged nematocysts were measured
with micrometric ocular. Euryteles were identified
according to their sizes as small (S), medium (M)
and large (L). The relationship between the number
of nematocyst types and the diameter of the bell
was determined using the correlation coefficient.

MATERIALS AND METHODS
Three scyphozoa species which are Cotylorhiza tuberculata (Macri, 1778), Phyllorhiza punctata
Lendenfeld, 1884 and Chrysaora hysoscella (Linné,
1766) were sampled in 0X÷OD coasts. Thirty-five C.
tuberculata were sampled from Gökova Bay in
September 2017 and fourty seven P. punctata were
taken from Sülüngür Bay, .|\FH÷L] Dalyan Lagoon System in September and October 2017 (Fig.
1). Only one individual Chrysaora hysoscella was
found in August in Güllük Bay. Samples were collected by a hand net on the boat and conveyed to
0X÷OD 6ÕWNÕ Koçman University, Faculty of Fisheries. Bell diameters of the samples were measured
and then parts of both margins and oral arms were
taken into 5 ml sample vessels. These samples were
stored in -18°C.
Four different methods were experimented for
nematocyst isolation [39, 36, 40, 5]. These methods
were described below:
1) Homogenizing and the centrifuging the tissues
2) Homogenizing and filtering through 100
μm mesh size sieve
3) Crushing in morter and filtering through
100 μm mesh size sieve
4) Squashing directly a small part of tissue on
slide coverslip
It was determined that the most effective
method was the first one that the tissues were homogenized and then centrifuged. In the other three

RESULTS
Thirty-five C. tuberculata and forty-seven P.
punctata individuals were sampled. Number of
individuals sampled different size groups were
shown in Fig. 2. Nematocyst ratios of margins and
oral arms of each individual were determined.
When the total number of nematocysts in millilitres
were examined, it was found that there was no
significant relationship between bell diameters and
nematocyst numbers. Thus, the total nematocyst
numbers in ml of the same species in the same bell
diameter vary. In general, it was seen that the total
number of nematocysts in the oral arm samples was
higher than the margin samples.
In the margins of C. tuberculata, the dominant
nematocyst type was O-isorhiza in the all bell diameter groups. The numbers of A-isorhizas and Oisorhizas were correlated with the bell diameters of
the samples. The percentages of numbers of the
nematocyst types according to bell diameters were
shown in Fig. 3.

FIGURE 1
Jellyfish sampling areas (P. punctata in Sülüngür Lake and C. tuberculata in Gökova Bay).

33

© by PSP

Volume 30– No. 01/2021 pages 32-40

Fresenius Environmental Bulletin

individual numbers (n)

C.tuberculata
10
5
0

bell diameter groups
FIGURE 2
Numbers of scyphozoa samples according to the bell diameter groups.
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FIGURE 3
The percentages of nematocyst types of the margin samples in C. tuberculata.
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FIGURE 4
The percentages of nematocyst types of the oral arms in C. tuberculata.
In the oral arms, the dominant nematocyst
type was eurytele in 30-35 cm bell diameter groups

while O-isorhiza was the most common type in
other bell diameter groups. It was found correlation
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between numbers of A-isorhizas (r=0,92), euryteles
(r=0,57) and a-isorhizas (r=0,44) and bell diameters. But, A-isorhiza was not observed in the margin
and oral arm samples of 18-20 cm bell diameter
group (Fig. 4).
In the margin samples of P. punctata, the percentages and the most common nematocyst types
according to bell diameter groups were shown in
Fig. 5. Euryteles were the dominant nematocyst
type in the margins of all the bell diameters except
31-34 cm group which was include commonly O-

isorhizas. Only correlation was found between the
numbers of O-isorhizas and bell diameters (r=0,53).
In the oral arms, O-isorhiza has the dominant
nematocyst type in 31-34 cm bell diameter groups
while eurytele was the most common type in other
bell diameter groups. Polyspiras were observed in
low number of individuals with few numbers (Fig.
6). Numbers of a-isorhiza and O-isorhiza were
correlated with bell diameters (r=0,74, r=0,56,
respectively).

FIGURE 5
The percentages of nematocyst types of the margin samples in P. punctata.

FIGURE 6
The percentages of nematocyst types of the oral arms in P. punctata.
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TABLE 1
Length-width ranges and mean length-width values of the nematocyst types in C. tuberculata and
P. punctata.
Species

Cotylorhiza
tuberculata

Phyllorhiza
punctata

Nematocyst types

Min-max
width (μm)

Min-max
length (μm)

a- isorhiza
A- isorhiza
eurytele (S)
eurytele (M)
O-isorhiza
a- isorhiza
A- isorhiza
eurytele (S)
eurytele (M)
eurytele (L)
stenotele
O-isorhiza
polyspiras
birhopaloid

2 -3
3
2 -8
8 -9
2 -5
2 -3
2- 4
4 -5
6- 8
9 -13
10-12
3 -7
2 -4
10 -15

3-4
5 -6
5 -10
11 -12
2 -5
3 -4
5 -6
5- 7
8 -10
12- 20
13-15
3 -7
5 -7
12 -18

Mean length
(± S.D)
(μm)
3,5 (± 0,52)
5,3 (± 0,48)
8,2 (± 1,76)
11,2 (± 0,42)
3,6 (±1,07)
3,5 (± 0,52)
5,3 (± 0,48)
6,4 (± 0,84)
9,6 (± 0,51)
14,4 (± 1,76)
14,3 (±1,15)
5,1 (± 1,52)
5,7 (± 0,82)
15,41 (± 1,83)

Mean width
(± S.D)
(μm)
2,5 (±0,52)
3 (±0)
5,8 (±2,11)
8,4 (±0,51)
3,6 (±1,07)
2,5 (±0,52)
3 (±0)
4,9 (±0,56)
6,6 (±0,51)
11,05 (±1,28)
11 (±1)
5,1 (±1,52)
2,7 (±0,82)
11,5 (±1,31)

FIGURE 7
(A) Stenotele in P. punctata. (B) Undischarged birhopaloid (a), discharged O-isorhiza (b) and undicharged
O-isorhiza (c) in P. punctata.

FIGURE 8
(A) Discharged birhopaloids in P. punctata. (B) Undischarged a-isorhiza (a), discharged O-isorhiza (b) and
zooxanthella (c) in C. tuberculata.
It was observed that mean length and width
values of a-isorhizas and A-isorhizas were not
changed in both the species. Euryteles were found
in different two sizes in C. tuberculata and three
sizes in P. punctata. Sizes of O-isorhizas were
bigger in P. punctata than that of C. tuberculata
(Table 1).

Stenoteles, polyspiras and birhopaloid types
were found only in P. punctata. Maximum length
of birhopaloids was 18 μm and this type is distinguished from stenoteles by pads at the edge of capsule. Polyspiras which is oviform shaped was found
in Aurelia aurita [43, 44]. Calder [43] recorded that
length-width values of polyspiras were 8,8-12,9 μm
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and 4,4-5,9 μm in A. aurita. Length-width rates of
A. aurita were measured as 6-13 μm and 2-5 μm
[44]. In this study, length-width rates of polyspiras
were 5-7 μm and 2-4 μm, respectively in P. punctata. Large euryteles were found only in P. punctata samples and mean length and width rates were
14,4±1,76 μm and 11,05±1,28 μm, respectively.
Only one specimen of C. hysoscella was sampled in Güllük Bay. Five nematocyst types identified which were a-isorhiza, A-isorhiza, O-isorhiza,
eurytele and polyspiras in C. hysoscella. Maximum
length-width rate of euryteles was 10-6 μm. Undischarged O-isorhizas had up to 20 μm length and
width. Whereas maximum length and width rates of
C. tuberculata and P. punctata were 7-5 μm.
Thread length of discharged O-isorhizas was more
than 300 μm. Mean length and width of polyspiras
were measured as 8-3 μm, respectively. Also, mean
length and width of A-isorhiza were 6-4,5 μm,
respectively. In C. hysoscella, the most common
nematocyst type was eurytele in margin and was Oisorhiza in tentacles.

and tentacles, respectively. It was determined that
numbers of different nematocyst types have
changed even in individuals with the same diameter(Figure 9). Differences on nematocyst numbers
may be caused difficulty of isolating nematocysts
from the tissues. On the other hand, P. punctata and
C. tuberculata are in symbiotic relationship with
zooxanthellae. So, density of the zooxanthellae
makes the isolation and counting of nematocysts
difficult. Zooxanthellae were observed more intensively in C. tuberculata than P. punctata.
Bell diameter groups of C. tuberculata were
18-20 cm, 21-23 cm, 24-26 cm, 27-29 cm, 30-31
cm and 32-35 cm. Four nematocyst types which are
a-isorhiza, A-isorhiza, O-isorhiza and eurytele,
were identified both in oral arms and bell margins
(Figure 8). In margins, the dominant nematocyst
type was O-isorhiza. Also, correlations between
bell diameters with A-isorhizas and O-isorhizas
were observed (r=0,95; r=0,39, respectively). In
oral arms, O-isorhizas and euryteles were the dominant nematocyst types. Correlations between bell
diameters and nematocyst ratios were found in all
nematocyst types except O-isorhizas in oral arms.
Seven nematocyst types were determined in P.
punctata samples (eurytele, stenotele, a-isorhiza,
polyspiras, A-isorhiza, O-isorhiza and birhopaloid).
Euryteles in margin and oral arms were the most
common nematocysts in this species. Birhopaloids
were more in oral arms than in margins. Polyspiras
were determined with low numbers in a small number of individuals. It was observed that, as the bell
diameter increased, the number of nematocysts
increased.
The biggest nematocyst type was birhopaloid
and mean length-width values of it were
16,6μm±1,86 and 13,1 μm±1,73 in P. punctata
(Figures 7,8). It was found that widths and lengths
of a-isorhizas did not change in the two species.
Length of A-isorhizas was up to 6 μm in the two
species. Sizes of O-isorhizas were different in the
P. punctata and C. tuberculata. Mean length values
of O-isorhizas were 5,1±1,52 and 3,6±1,07, respectively.
Peach and Pitt [36] recorded 4 or 5 nematocyst
types in P. punctata and they did not found all the
nematocyst types in all individuals. Lengths and
widths of a-isorhizas and euryteles were higher than
in margins. Only relationship was found between
bell diameters and a-isorhiza lengths. In this study,
it was not found significant relationship between
bell diameters and nematocyst lengths. As the bell
diameter increased, the number of O-isorhiza increased (r=0,53).
Mean lengths and widths of P. punctata euryteles were 6,60±0,21 μm and 4,60±0,22 μm, respectively [45]. In our samples, euryteles were in
three sizes and mean length-width values were
6,4±0,84 – 4,9±0,56 μm (small), 9,6±0,51 –
6,6±0,51 μm (medium) and 15,02±1,90 –

FIGURE 9
O-isorhiza that is being discharged (A) and
discharged (B) in C. hysoscella
DISCUSSION AND CONCLUSION
Four, seven and five nematocyst types were
identified in C. tuberculata, P. punctata and C.
hysoscella, respectively. Generally, euryteles were
the most common nematocyst types in P. punctata
and O-isorhizas were the dominant types in C.
tuberculata samples. In C. hysoscella, eurytele and
O- isorhiza were the most common types in margin
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11,45±1,43 μm (large), respectively. Euryteles in
the study of Nicholas and Yong [45] corresponded
to small euryteles in this study. Also, euryteles of
C. hysoscella were found as medium sized (10-6
μm). However, sizes of O-isorhizas were bigger
than that of C. tuberculata and P. punctata. Maximum lengths of this type were 5 μm in C. tuberculata, 7 μm in P. punctata and 20 μm in C. hysoscella. (38) observed four nematocyst types (aisorhiza, O-isorhiza, A- isorhiza and eurytele) in
five individuals of C. hysoscella in March and
April, 2012. a-isorhizas and O-isorhizas were the
most frequently seen in the samples and O-isorhizas
had up to 18 μm in length and width. Maximum
length-width of euryteles were 9-7 μm in this species [38]. These results are similar to those in this
study.
Östman [24], Östman and Hyman [27] identified birhopaloids in C. tuberculata. Also, *OúDKLQ
[37] determined 35% euryteles, 24% birhopaloids
and 41% a-isorhizas in this species. In this study,
the most common nematocyst types were Oisorhizas (55,24%) and euryteles (24,37%) in C.
tuberculata. It was not found birhopaloids in our
samples. The reason for this is that there is a small
number of birhopaloids and it cannot be isolated
from the tissue.
*OúDKLQ [16] recorded two nematocyst types
which were a-isorhiza and birhopaloid in Cassiopea
andromeda. Also, a-isorhizas were the most common (61,11%) nematocyst types in this species.
According to Calder [43] euryteles were abundant
in A. aurita, Chrysaora quinquecirrha and Cyanea
capillata. Furthermore, shapes and sizes of nematocyst types varied both in different species and in
polyps, scyphistomae and medusa of the same species [43, 46, 47). Also, it was determined that euryteles of A. aurita which were sampled from different regions of Turkey were different shape. In the
samples taken from the Gulf of Izmit, it was found
that the euryteles were round shape and in the
0X÷OD specimens as drop shaped [44, 48].
Calder [49] found isorhizas and euryteles in
Stomolophus meleagris and classified the euryteles
as small, medium and large. It was recorded that
shapes and sizes of nematocyst types were different
in developmental stages of this jellyfish (planula,
ephyra, scyphistoma and medusa). In this study, we
examined only the medusa of these two species.
However, nematocyst numbers, shapes and sizes of
different developmental stages of jellyfish should
be investigated. This study, also will help to fill the
scientific data and gaps in this subject.
The number of studies related to the nematocyst types and venom content of these species is
few. Regional differences of nematocysts in P.
punctata, C. tuberculata and other scyphozoans
must be revealed. It must also be determined
whether venom contents of same nematocyst types
are regionally different.
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sludge exists as a multi-component and stable water
in oil(W/O) emulsion, which consistis of
considerable
concentration
of
petroleum
hydrocarbons (PHCs), water, heavy metals and
solid particles[7-9]. Oily sludge is such a hazardous
waste recognized by many countries, which will
seriously threaten environment safety and human
health if with insufficient treatment or improper
disposal [10, 11].
Much attention has been paid to developing
oily sludge treatment methods, such as solvent
extraction[12-14], centrifugation treatment[15-17],
surfactant enhanced oil recovery[18], freeze/thaw
treatment[19], pyrolysis[20], microwave irradiation
[21-23], electro-kinetic method[24-26], ultrasonic
irradiation[27, 28], froth flotation[29], incineration[30, 31], solidification/stabilization[32], oxidation treatment[33-36] and bioremediation[37].
However, few treatments can achieve a comprised
balance between operational cost and strict
environment regulations due to recalcitrant nature
of oily sludge[7]. Furthermore, secondary pollution
problems are indispensable[38]. Therefore, it is
urgent to develop environment-friendly and
economical technologies for massive disposal of
oily sludge.
Co-processing in cement kilns is an attractive
way of disposal of hazardous wastes. The favorable
factors of cement kilns consist of the high
combustion temperature, the huge space of the
furnace, the adequate length of the kiln, the alkaline
conditions in the kiln, and the ability of the clinker
to absorb heavy metals into its structure[39]. The
flame temperature in the kiln can reach about 2000
ႏ WKHUHE\ JXDUDQWHHLQJ D KLJK GHVWUXFWLRQ
efficiency of 99.9999% for the organic waste[40].
During the co-processing, heavy metals in the waste
are typically immobilized by such two main
processes as calcination and cement hydration, with
the leached fraction below 5%[41, 42]. The average
heating value of oily sludge is approximately 17.6
MJ/kg, indicating that oily sludge can be employed
as the heat resource in both rotary kiln and fluidized
bed incinerator[43]. Several researches focused on
the feasibility of utilizing oily sludge as the energy

ABSTRACT
This paper aims to investigate the feasibility of
employing oily sludge as alternative raw material
for Portland cement production by co-processing in
cement kiln. The crystalline characteristics of
calcined clinkers, the compressive strength and
leaching toxicity of hydrated clinkers were
determined. The results show that minerals and
hydration properties of clinkers would not be
transformed for the total content of heavy metals in
clinkers is far below 0.1%. The leaching
concentration of heavy metals in hydrated clinkers
is relatively low, indicating that heavy metals could
be absorbed into clinkers’ structure through
calcination
and
hydration
reaction.
The
compressive strength of A is the highest after 28 d
curing, which reaches about 21.84 MPa, 7.1%
higher than that of ordinary Portland cement (OPC).
This proves that the appropriate addition ratio of
oily sludge as alternative raw material might be in
the range of 2~5 wt.% of total raw materials due to
its high content of P2O5.

KEYWORDS:
Oily sludge, Alternative raw material, Cement
production, Crystalline phase, Leaching toxicity,
Compressive strength

INTRODUCTION
Oily sludge occupies the dominant place
among the various pollutants from petroleum
industry, which is mainly generated during
exploration, production, transportation, storage, and
refining procedures of crude oil[1, 2]. Generally,
production of 1 ton of oily sludge waste has been
estimated for processing 500 tons of crude oil[1, 3].
Annually, 3 million tons of oily sludge is
discharged in China [4]. The total generated amount
of oily sludge is also expected to increasing
continuously due to ascending demand on refined
petroleum products worldwide[5, 6]. Usually, oily
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resource in fluidized bed incinerator[43-46].
However, little work has been reported on partially
substituting raw materials for oily sludge to
produce Portland cement.
This paper attempts to investigate the
feasibility of employing oily sludge as alternative
raw material for Portland cement production by coprocessing in cement kiln. The crystalline of raw
materials and calcined clinkers were determined.
The leaching toxicity of hydrated clinkers was
measured to examine the stabilization effects of
heavy metals. Also, the compressive strength of
hydrated clinkers was tested at different curing time
to assess the quality of cement.

TABLE 2
The chemical composition of oily sludge by XRF
Components
CaO
Al2O3
P2O5
SiO2
Fe2O3
K2O
Na2O
SO3
Moisture
LOI

Raw materials. Commercial cement raw meal
(CRM) was collected from a Portland cement plant
in Chongqing, which was prepared based on the
demand of practical production. The chemical
composition of commercial cement raw meal,
tested by X-ray fluorescence (XRF-1800,
Shimadzu, Japan), was shown in Table 1. The
crystalline characteristics of raw meal, detected by
X-ray diffractometer (XRD6000, Shimadzu, Japan),
were shown in Fig 1. The main crystalline phases
observed were calcite (CaCO3), quartz (SiO2) and
aluminum oxide (Al2O3).
The oily sludge (OS) was obtained from a
hazardous waste disposal plant in Chongqing. The
chemical compositions of oily sludge analyzed by
X-ray fluorescence (XRF-1800, Shimadzu, Japan)
are depicted in Table 2. Besides, the total contents
of heavy metals in oily sludge were analyzed by
atomic absorption spectrophotometer (AA-6300C,
Shimadzu, Japan) after microwave digestion,
filtration and dilution to constant volume
successively. The corresponding results are
displayed in Table 3.

Heavy metals
Zn
Ni
Cu
Pb
Cd
Cr
ND: not detected

Content (%)
75.81
13.62
3.82
3.32
0.97
0
0.40
36.78
1.79
1.15
1.91

mg/kg
1840
ND
104
223
ND
83.2

TABLE 4
The ratio of commercial cement raw meal and
oily sludge by weight
Label
CMR (wt. %)
OS (wt. %)
OPC
100
0
A
98
2
B
95
5
C
90
10

Blends preparation. Blends were prepared
with different ratios of CMR and OS. The details
was revealed in Table 4. To simulate real
conditions of cement kiln, pulverized coal was
added as fuel, and the weight ratio of raw materials
to pulverized coal was fixed at 10:1. The blends
were mixed with proper water, and pressed into
pellets with 20~25 mm in diameter. The pellets
ZHUHGULHGDWႏLQWKHRYHQWRFRQVWDQWZHLJKW
and then heated in the High-temperature Controlled
Atmosphere Furnace (XD-1700A) from room
WHPSHUDWXUH WR ႏ DW KHDWLQJ UDWH RI ႏPLQ
After maintaining for 30 min, the pellets were
heated to 1450ႏDWKHDWLQJUDWHRIႏPLQ$IWHU
maintaining for 60 min, the pellets were cooled
IURPႏWRႏDWWKHUDWHRIႏPLQDQG
then cooled in air to room temperature. Finally, the
pellets were ground to ASTM 200 mesh with the
addition of 5% desulfurization gypsum (SO2, 45.31
wt.%) for analysis.

TABLE 1
The chemical composition of commercial cement
raw meal by XRF
CaO
SiO2
Al2O3
Fe2O3
K2O
Na2O
SO3
LOI
KH
AR
SR

32.79
25.23
17.90
9.30
8.08
0.13
0
3.09
65.58
36.78

TABLE 3
The total contents of heavy metals in oily
sludge by AAS

MATERIALS AND METHODS

Components

Content (%)
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FIGURE 1
The crystalline characteristics of commercial cement raw meal by XRD
The calcined clinkers were mixed with
deionized water at a water-to-clinkers weight ratio
of 0.33, cast in 20mm×20mm×20mm molds and
vibrated constantly. The hydrated clinkers were put
in air for 24 h, with the tHPSHUDWXUHRIႏDQG
the humidity of exceeding 90%, and then removed
from the molds. The demolded hydrated clinkers
were cured in the curing box at the temperature of
ႏ DQG KXPLGLW\ RI  7KH FRPSUHVVLYH
strength and leaching toxicity of hydrated clinkers
were determined at different curing time. Note that
all specimens were smoothed with a series of
paralleling flat surface before the compressive
strength tests and the results reported were the
average of ten specimens with a variation of no
more than 10%.

with replacement of oily sludge from 2% to 10%.
The main crystalline phases of OPC clinker, such as
Alite(C3S), Belite(C2S), Tricalcium aluminate(C3A)
and Calcium oxide (CaO), were also presented in
the sintered clinkers from A to C. Furthermore, the
intensity of C3S and calcium oxide peak in A, B and
C clinkers were stronger than that of OPC, while
the peak intensity of C2S shows a contrary
tendency. Shih[47] also found that the addition of
electroplating sludge containing heavy metals as
raw materials would increase the intensity of C3S
peak, due to the relatively low content of heavy
metals. Stephan et al[48] reported that only very
high intakes (exceeding 0.1%) of heavy metals (Ni,
Cr and Zn) can transform minerals and hydration
properties of cement clinkers. In this study,
however, the total content of heavy metals in
clinkers was far below 0.1%, no new phases had
been found.

Analysis. The crystalline phases of the
calcined clinkers were detected by an X-ray
diffractometer (XRD, PANalytical X’Pert Powder).
The chemical compositions were tested by X-ray
fluorescence (XRF-1800, Shimadzu, Japan). The
leaching toxicity of heavy metals in hydrated
clinkers was determined according to the Chinese
standard (HJ/T 300–2007). Leachates were
analyzed by atomic absorption spectrophotometer
(AA-6300C, Shimadzu, Japan). The compressive
strength of hydrated clinkers was tested by the
compression apparatus (AG-I, Shimadzu, Japan) at
curing time of 3 d, 7 d, 14 d and 28 d according to
the Chinese standard of GB/T 17671-1999.

Leaching toxicity. According to the volatility
of heavy metals during the calcined process in
cement kiln, they could be divided into three
categories: highly volatile (as Pb, Cd and Hg),
moderately volatile (as Ni and Cr), and lowly
volatile (as Zn and Cu)[49]. Although heavy metals
could be incorporated into clinkers, the release of
detrimental elements might occur in an acidic
environment, posing a threat to the environment[42,
47, 50]. The leaching toxicity of heavy metals in
hydrated clinkers was determined at different
curing time of 3 d, 7 d, 14 d, and 28 d. The
concentration of heavy metals in leachate was listed
in Table 5, revealing low leaching toxicity of all
heavy metals. Only Pb could be determined at
curing time of 7 d, while no heavy metals were
detected in subsequent tests. The low leaching
toxicity of heavy metals was consistent with the
results obtained by the previous studies[47, 50],

RESULTS AND DISCUSSION
XRD patterns of calcined clinkers. The
XRD patterns of calcined clinkers were betrayed in
Fig 2, which revealed no new phases and no
remarkable difference compared with that of OPC,
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indicating that heavy metals could be absorbed into
clinkers’ structure through calcination and cement
hydration.

compressive strength of B and C were still below
than that of OPC after 14 d curing, while the
compressive strength of A was 7.7% higher than
that of OPC. Also, the compressive strength of A
was the highest after 28 d curing, which reached
about 21.84 MPa, 7.1% higher than that of OPC. It
can be concluded that the addition of oily sludge as
substitute materials should be less than 5% of total
raw materials.
Moreover, the addition of oily sludge had
adverse effects on the early hydration of clinkers,
leading to the relatively low compressive strength.

Compressive strength. The compressive
strength of hydrated clinkers was shown in Fig 3,
showing that the compressive strength of all cement
clinkers increased constantly with the curing time.
After 3 d curing, the compressive strength of A and
B were similar to that of OPC, while the
compressive strength of C was inferior to that of
OPC. After 7 d curing, the compressive strength of
A, B, and C were lower than that of OPC. The

FIGURE 2
The crystalline characteristics of calcined clinkers by XRD

FIGURE 3
The compressive strength of hydrated clinkers
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TABLE 5
The leaching concentration of heavy metals in hydrated clinkers (mg/L)
Time

Species
Zn
Ni
Cu
3d
Pb
Cr
Cd
Zn
Ni
Cu
7d
Pb
Cr
Cd
Zn
Ni
Cu
14d
Pb
Cr
Cd
Zn
Ni
Cu
28d
Pb
Cr
Cd
ND: Not detected (<0.01 mg/L)

OPC
ND
ND
ND
0.18
0.19
ND
ND
ND
ND
0.12
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

A
ND
ND
ND
0.17
0.20
ND
ND
ND
ND
0.16
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

B
ND
ND
ND
0.12
0.14
ND
ND
ND
ND
0.18
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

C
ND
ND
ND
0.16
0.24
ND
ND
ND
ND
0.12
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

TABLE 6
The chemical compositions of clinkers
OPC
A
B
C

CaO
63.63
63.14
62.78
62.83

SiO2
20.33
21.96
21.97
20.70

Al2O3
3.80
4.56
4.58
4.90

This was contrary to Chen’s[50] study, in which the
addition of water purification sludge as raw mix can
obtain much higher compressive strength at curing
time of 3 d and 7 d. The compressive strength
decreased at early hydration might be caused by
high content of P2O5 in clLQNHUV 6WDQČN 7 DQG
Sulovský P[51] found that the Belite (C2S) content
would decrease at 0.7wt.% of P2O5 in clinkers,
while the Alite (C3S) content would increase. As
shown in table 6, the content of P2O5 in A and B
clinkers were less than 0.7wt.%, while the content
of P2O5 in C clinkers was slightly higher than 0.7%.
Therefore, the addition of oily sludge would
be confined due to its high content of P2O5. The
appropriate ratio of adding oily sludge as
alternative raw material might be in the range of
2~5 wt.% of total raw materials.

Fe2O3
2.72
2.86
2.89
3.09

P2O5
0.13
0.28
0.50
0.84

(1) Minerals and hydration properties of
calcined clinkers would not be transformed because
the total content of heavy metals in clinkers is far
below 0.1%.
(2) The leaching concentration of heavy
metals in hydrated clinkers was relatively low,
indicating that heavy metals could be absorbed into
clinkers’ structure through calcination and cement
hydration.
(3) The compressive strength of A was the
highest after 28 d curing, which reached about
21.84 MPa, 7.1% higher than that of OPC. This
indicates that the appropriate ratio of adding oily
sludge as alternative raw material might be in the
range of 2~5 wt.% of total raw materials, due to its
high content of P2O5.
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of seed material. Healty and well-grown seedlings
is the guarantee of higher yield. Early supply of
agricultural products to market, increasing the
number of product harvested from the field in the
same year, saving on pesticides, fertilizers and seed
material, easiness in controlling of weeds,
increasing income of producers are the some of the
advantages of using seedlings instead of seed
materials.
Squirting cucumber (Ecballium elaterium (L.)
A. Rich.) is a plant of the cucumber family that is
peculiar to Europe, Asia, and North Africa. In
particular, the fruit of the plant consists of elatericin
A (cucurbitacin D), elatericin B (cucurbitacin I)ȕHODWHULQ
FXFXUELWDFLQ %  DQG Į-elaterin
(cucurbitacin E) [1]. In addition, alkaloids,
vitamins, fatty acids, flavonoids, sterols, resins,
starch, amino acids, and phenolic compounds are
among the components of plant [2]. The
compounds in the leaves, roots, stem and boll of
plants also have antibacterial properties [3,4,5]. As
a result, the squirting cucumber is very common in
Turkey [6]. In the current study, SCFJ as a
biostimulant was evaluated for rapid seed
germination and seedling growth in rapeseed.
Rapeseed (Brassica napus ssp. oleifera L.) has
been widely used for its oil in the world. Moreover,
it has been used as livestock feed, biodiesel source,
lamp oil, soap, plastics, rotating crop, heavy metal
accumulator, medicinal plant (diuretic, anti-scurvy
and anti-inflammatory) [7].
To our knowledge, this is the first report
evaluating biostimulant effect of SCFJ on seed
germination and seedling growth of rapeseed. In the
present study, the effects of SCFJ on seed
germination and seedling growth of rapeseed
(Brassica napus L. cv. 'Elvis') were investigated.

ABSTRACT
The aim of this study was to evaluate the
effects of mature squirting cucumber fruit juice
(SCFJ) on seed germination and seedling growth in
rapeseed cv. "Elvis". Seeds were surface-sterilized
with commercial bleach (containing 5% sodium
hypochlorite) at a concentration of 40% for 5 min.
with continuous stirring and then were washed 6-7
times with sterile distilled water. After sterilization,
seeds were imbibed in 50 ml sterile distilled water
having SCFJ at different concentrations (0-control,
200, 400, 800 and 1600 μl/L) and rinsed for 72 h at
180 rpm. For each SCFJ concentrations, 250 seeds
were put in 50 ml sterile distilled water. After 72 h,
grown seedlings were transferred to soil in pots.
Five pots having 20 seedlings were set for each
SCFJ concentration. 14 days after study initiation,
seedling height, root length, leaf width, leaf length,
approx. leaf area, and chlorophyll (chl. a, chl. b and
total chl.) contents were determined. The highest
results in all examined parameters were obtained
from 800 μl/L SCFJ concentration. This study
showed that SCFJ could be used as a stimulant
accelerating seed germination and seedling growth.
Putting production material to the market earlier is
the guarantee of higher income by providing early
harvest.

KEYWORDS:
Seedling growth, germination, fruit juice, squirting
cucumber

INTRODUCTION
The chemical treatments influence the
physiological and biochemical process in seeds and
consequently contribute in a faster germination and
a greater vegetative growth. Faster germination and
seedling growth is a prerequisite for early harvest
which means putting agricultural products on
market earlier. The most important factor in
earliness is the seedling which will be used instead

MATERIALS AND METHODS
Plant material. Seeds of Brassica napus L.
cv. 'Elvis' were used in the study.
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evaluate the effect of SCFJ at different
concentrations on seed germination and seedling
growth in rapeseed (Brassica napus L.). Data were
statistically analyzed by using "IBM SPSS
Statistics 22". Means were compared using
Duncan's multiple range test at the 1% level of
probability. Data given in percentages were
VXEMHFWHG WR DUFVLQH ¥X) transformation before
statistical analysis [9].

Squirting cucumber (Ecballium elaterium
(L.) A. Rich.) fruit juice. Squirting cucumber
fruits were collected from its natural growing areas
in September. Fruit juice was extracted and then
were filtered in order that bigger parts were
eliminated. Fruit juice were filter sterilized and kept
in the refrigerator at -20ºC.
Surface sterilization of seeds. The seeds were
surface-sterilized with 40% commercial bleach
(containing 5.0% sodium hypochlorite) for 5 min
and then washed 6-7 times with sterile distilled
water (sdH20).

RESULTS
The effects of different SCFJ concentrations
on the seed germination, plantlet height, root
length, leaf area, chlorophyll (chl. a, chl. b and total
chl.) contents in the leaves of 14-day-old seedlings
were shown in Table 1. The stimulative effects of
SCFJ were observed at 800 μL/L concentration, and
among all examined parameters, the best results
were obtained at this concentration. Suppressor
effects were observed at 1600 μL/L concentration.
The lowest results were recorded in the control
group, which contained no SCFJ. The seed
germination percentages at 72 h increased at 800
μL/L SCFJ concentration, with the highest being
87.20%; the lowest percentages were observed in
the control group at 21.60% (Table 1).
After 14 d, similar results were obtained for
seedling height, root length, leaf area and for
chlorophyll (chl. a, chl. b, and total chl.) contents in
the leaf. The best results for these parameters were
16.3 cm, 11.6 cm, 24.75 cm2, 1491.030 μg
chlorophyll a/g fresh tissue, 956.358 μg chlorophyll
b/g fresh tissue, and 1008.720 μg total
chlorophyll/g fresh tissue, respectively, and were
observed for those treated with 800 μL/L
concentration. At a 1600 μl/l SCFJ concentration,
obtained results in all characters decreased
significantly (Fig. 1, Table 1).
On the 14th day of the study, the best results
of seedling height, root length, and leaf area and of
chlorophyll (chl. a, chl. b, and total chl.) contents in
the leaf were noticed at 800 μL/L SCFJ
concentration, which were much higher than those
in the control group. It was also observed that the
seedlings grown from the seeds treated with 800
μL/L SCFJ concentration grew faster than the seeds
treated with other concentrations (Fig. 1). The
highest scores were 16.3 and 11.6 cm for seedling
height and root length, respectively. Once again, the
lowest results were observed in the control group
(Table 1).
The highest leaf area (24.75 cm2) were
observed at 800 μL/L SCFJ, and can be attributed
to higher amounts of cell division and higher
metabolic activities (Table 1). The highest
chlorophyll (chl. a, chl. b, and total chl.) contents
were observed in seedlings from seeds that were
treated with a concentration of 800 μL/L SCFJ and

Seed
germination
and
seedling
establishment. After sterilization, seeds were
imbibed in 50 ml sterile distilled water having SCFJ
at different concentrations (0-control, 200, 400, 800
and 1600 μl/L) and rinsed for 72 h at 180 rpm. For
each SCFJ concentrations, 250 seeds were put in 50
ml sterile distilled water. After 72 h, grown
seedlings were transferred to soil in pots. Five pots
having 20 seedlings were set for each SCFJ
concentration.
Observations. Seed germination percentage
was determined at 48th and 72nd h. At the end of
72nd h, seedlings were transferred to soil in pots. A
seed was considered germinated when the emerged
radicle reached to 2 mm. Fourteen days later,
plantlet and root lengths, leaf width, leaf length,
approximately leaf area, chlorophyll (chl. a, chl. b
and total chl.) contents in the leaves of seedlings
were recorded.
Determination of chlorophyll contents. The
protocol proposed by Curtis and Shetty [8]. was
used to determine the chl. a, chl. b and total chl.
contents of seedling leaves. By following the
SURWRFRO ௗPJ RI FDOOXV WLVVXH ZDV DGGHG LQWR
methanol (3 ml) and kept at 23°C in darkness for 2
h to allow the chlorophyll in the green material to
dissolve into the methanol. Then, the optic density
2'  RI ௗPO RI WKH OLTXLG SDUW Whe chlorophyllcontaining methanol) was determined at 650 and
ௗQP XVLQJ D VSHFWURSKRWRPHWHU 89PLQL-1240,
Shimadzu, Japan), and the chl. a, chl. b and total
chl. quantities were calculated as units of "μg
chlorophyll/g of fresh tissue".
Determination of leaf area. Leaf area was
determined using a computer software and a
desktop scanner.
Statistical analysis. Three replicates were
tested and there were 250 seeds per replication for
seed germination while 5 replicates each with 20
plantlets were set for seedling growth. All
experiments were repeated twice. One-way
$QDO\VLV RI 9DULDQFH $129$  ZDV XVHG WR
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were 1491.030 μg chl. a, 956.358 μg chl. b, and
1008.720 μg total chl./g fresh tissue (Table 1). The
results were higher because the seedlings grew very
well from seeds treated with this SCFJ
concentration and had higher metabolic activity
(Fig. 1).
We observed from these results that SCFJ can
be used for rapid seed germination and seedling
growth in rapeseed. Higher results obtained from
800 μl/l SCFJ concentration in all parameters

examined could be attributed to increased
enzymatic activity required for germination and for
growth. In addition, when we evaluated the results
of the measured parameters from seeds treated with
1600 μL/L SCFJ concentration, seed germination
and seedling growth was considerably suppressed.
As a result of this study, 800 μL/L SCFJ
concentration resulted in the healthiest seedlings
and the most seedling growth.

FIGURE 1
In vitro seed germination from rapeseed (Brassica napus L.) seeds kept in sterile distilled water having
different mature squirting cucumber fruit juice (SCFJ) concentrations for 48 h and 72 h and seedling
growth 14 days after developed seedlings were transferred to soil. Bar = 1 cm.
TABLE 1
Effects of different concentrations of squirting cucumber (Ecballium elaterium [L.] A. Rich.) fruit juice
(SCFJ) on seed germination of Brassica napus L. cv. 'Elvis' at 48 and 72 h and on seedling height, root
length, leaf area and on chlorophyll (chl. a, chl. b, and total chl.) contents 14 d after planting the seedlings
SCFJ
Cont.
(μl/L)

0
200

400

800

1600

Germination
(%)1
48 h
72 h

9.60±
0.40c
12.0
0±1.3
3bc
28.8
0±1.3
0a
16.0
0±1.1
5b
5.60±
0.40c

Day 14
Chl. a content
(μg/g fresh
tissue)
706.212±18.51
d
953.388±37.74
c

Chl. b content
(μg/g fresh
tissue)
615.264±20.76
e
682.896±34.83
d

Total chl.
content (μg/g
fresh tissue)
608.088±19.34
e
702.312±22.14
d

16.00±0.58b

1173.786±43.4
6b

792.438±15.23
b

825.864±19.15
b

11.6±0.66
a

24.75±1.08a

1491.030±82.7
4a

956.358±34.83
a

1008.720±45.2
5a

8.5±0.38b

16.00±1.15b

1118.022±37.1
6b

719.172±19.95
c

758.028±30.25
c

21.60±1.
07c
24.80±1.
37c

Seedling
height
(cm)
12.4±0.90
c
13.2±0.42
bc

Root
length
(cm)
8.4±0.44b

Leaf area
(cm2)

10.3±0.71
ab

16.00±1.55b

69.60±1.
51b

14.6±0.87
b

10.1±0.60
ab

87.20±1.
36a

16.3±0.95
a

7.20±0.6
1d

15.5±0.70
ab

11.20±0.35c

9DOXHVLQGLFDWHWKHDYHUDJHRIWKUHHUHSHWLWLRQVDQG³´LQGLFDWHVVWDQGDUGHUURUYDOXHRIWKHDYHUDJH
The values indicated in each column with a different letter were statistically different at a 0.01 level of significance.
1Seed germination percentage represents the ratio of germinated seeds to all seeds in the set.
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evaluate the effect of SCFJ for seed germination
and seedling growth in rapeseed.
The chlorophyll contents in the leaf have been
accepted as a standard for measuring the
photosynthetic capacity of tissues [32-34] and
directly influence photosynthesis [35-37]. In
addition, it has been determined that low levels of
germination and seedling growth observed in rice
seedlings under stress was a result of low starch
transportation and D-amylase activity [38]. Hsia
[39]reported that suppression of growth under stress
conditions was caused by either suppressed cell
division, suppressed cell proliferation, or both. The
decrease in the growth rate under stress conditions
might result from membrane permeability and
stress-induced changes in water intake [40, 41]. In
the present study, a higher level of seedling growth
at 800 μL/L SCFJ concentration can be attributed to
increases in water and other constituent absorption
from the soil and thus the acceleration of the
mechanism by which carbohydrates permeate the
epidermis.
From the results, it could be speculated that
SCFJ could simply be used for seed germination
and rapid seedling growth in Brassica napus L. The
highest results in germination percentage at 72 h,
chl. a, chl. b and total chl. contents, plantlet height,
root length and leaf area at the end of 14 days were
obtained from 800 μl/l SCFJ concentration. Higher
results obtained from 800 μl/l SCFJ concentration
in all examined parameters could be attributed to
increased enzymatic activity required for
germination and for growth. However, from the
examined parameters, it was seen that 1600 μl/l
SCFJ concentration inhibited seed germination and
seedling growth significantly. In our study, 800 μl/l
SCFJ concentration resulted in the most healthiest
and well grown seedlings.

DISCUSSION
Bio-stimulants impove quantity and quality of
yield by giving resistance to plants against abiotic
stress factors with their biologically active
substances [10, 11]. It was reported that extracts of
some plants such as Ascophyllum nodosum,
Kappaphycus alvarezii, Ulva lactuca, Ulva rigida,
Caulerpa scalpelliformis, Caulerpa sertularioides,
Sargassum liebmannii, Sargassum plagiophyllum,
Sargassum wightii, Turbinaria conoides, Padina
tetrastromatica, Padina gymnospora, Dictyota
dichotama, Rosenvigea intricata and Fucus spiralis
stimulated seed germination, plant growth and yield
of crops [12, 13-19]. Kocira et al. [20] have
reported that extract of Ecklonia maxima increased
white bean (Phaseolus vulgaris L.) yield. In
addition, extracts from Sargassum wightii and
Kappaphycus alvarezii increased yields of bread
wheat and soybean, respectively [14,15,16].
Nwachukwu and Umechuruba [21] have reported
that leaf extracts from basil (Ocimum basilicum L.),
ELWWHU OHDI 9 DP\JGDOLQD  QHHP Azadirachta
indica A. Juss.), and Eastern North American
pawpaw (Asimina triloba (L.) Dunal) increased
seed germination and seedling emergence of
African yam bean (Sphenostylis stenocarpa (A.
Rich.) Harms). Extract from garlic (Allium sativum)
has stimulated seed germination of tomato
(Lycopersicon esculent Mill.), chili (Capsicum
annuum L.), eggplant (Solanum melongena L.) and
bread wheat (Triticum aestivum L.) [22-24]. It has
been reported that seaweed extracts were involved
in stimulating plant growth and yield [25]. Jannin et
al. [26] and Fan et al. [27] have reported that
seaweed extract increased root and shoot growth,
and chlorophyll content. In our case, the highest
values regarding seedling height, root length and
chlorophyll contents were obtained SCFJ at a
concentration of 800 μl/L. At concentration of 1600
μl/L, seed germination reduced dramatically with
parallel to the report of Turkyilmaz-Unal et al. [28]
Although squirting cucumber is a medicinal
plant with antibacterial properties [5], it has been
observed that the juice of the mature squirting
cucumber at different concentrations increased the
regeneration capacity of wheat, flax, potato, and
rapeseed under in vitro conditions [29]. In a study
conducted for ending dormancy in potato tubers of
cv. "Marabel" WXEHUV DW  WR ௗJ LQ ZHLJKW ZHUH
ULQVHG IRU  K DW ௗUSP LQ ERWWOHV FRQWDLQLQJ
mature SCFJ at different concentrations (0-control,
   DQG ௗO/  5HVXOWV FOHDUO\
showed that SCFJ had a significant role in ending
dormancy in potato tubers [30]. Moreover, it has
been determined that SCFJ stimulated the growth of
Agrobacterium tumefaciens and increased the
frequency of gene transfer in tobacco [31];
therefore, this study was aimed to observe and
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Yuhang and Wang Yongjia studied the existence of
hydraulic equivalent continuum in fractured rock
mass and established hydraulic discrete medium
network in fractured rock mass[2-3]. However, with
the deepening of research and the intersection of
disciplines, it is recognized that the chemical action
of water and rock and the stress corrosion process
deserve great attention[4]. Ingrid Stober[5] studied
the permeability and hydrochemical characteristics
of crystalline rocks in and around the black forest
area of Germany. It was found that the permeability
coefficient decreased with the increase of depth and
the hydrochemical type changed with the increase
of concentration ˈ B.K.Atkinson[6] studied the
effect of chemical solution on crack growth rate,
stress intensity factor and stress intensity coefficient
through experiments, Tang Liansheng [7] studied
the effect of hydrochemical solution on uniaxial
compressive strength and fracture toughness of rock
by simulation experiment, and discussed the mechanics effect mechanism and quantitative method
of water-rock reaction. In order to study features of
rock–water interaction, Guo Hongyun[8] utilized a
self-developed experimental system called Intelligent Testing System for Water Absorption in Deep
Soft Rocks to analyze the hydrophilic behaviors of
natural soft rock at high stress state. Guo
Hongyun[9] conducted A series of fresh and dried
rock samples from Daqiang coal mine for water
absorption in deep soft rocks including tests of
water absorption with pressure and without pressure, uniaxial compressive strength tests were applied to obtain the characteristics of the strength
weakening processes of the rocks after interacting
with water in two different original states. The
results demonstrated that the strength of deep soft
rock after absorbing water decreased linearly with
the increasing of water ratio. Comparing to the
speed of the strength decline of rock specimens
with and without water pressure, it could be found
that the former was slower. The speed of the
strength declining of dried rock samples was faster
than that of fresh rock samples in the process of
water absorbing. Huang Minpeng[10] performed a
set of uniaxial compression creep experiments of
typical slate specimens which come from Jiangxi
Jiujiang region. The effects of internal inherent

ABSTRACT
The expansion and deformation of slate in
deep tunnel is a very concerned problem in engineering field. Through field sampling and experiments, the mechanism of softening and swelling of
deep soft rock in contact with water is studied. The
results show that within 48 hours required by the
free expansion rate test code, the expansion of slate
in water meets the general law of rock expansion,
and the free expansion rate in all directions gradually increases with the passage of time. The expansion time of slate is longer than that of sedimentary
soft rock. When the slate expands in water absorption, the rock expansion rate shows different characteristics in different directions. When the rock
starts to expand by absorbing water, it shows positive expansion in all directions at first. When the
expansion process continues, the deformation characteristics in the direction of large expansion deformation determine the overall deformation trend
of the whole rock sample.

KEYWORDS:
Deep, soft rock, expansion, collapse, free swelling ratio

INTRODUCTION
In mining engineering, with the continuous
development of modern technology, the mining
depth is increasing year by year, and these projects
will be unable to avoid the effect of water on rock.
Therefore, the mechanism of swelling and softening
of soft rock and its relationship with underground
engineering space and support structure have become one of the hot topics of geotechnical engineering and underground engineering. Regarding
the softening mechanism of rock, previous studies
mainly focused on the analysis of rock hydraulics
and mechanical coupling model of seepage field
and deformation field, Wu Yanqing proposed a
lumped parameter model and a continuum model,
an equivalent continuum model, a fracture network
model and a dual medium model for coupling seepage field with stress field in rock mass[1], Xiao
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anisotropy on creep mechanical properties of slate
were studied according to the experimental data.
The results show that all the strain-time curves of
specimens exhibite obvious instantaneous elastic
stage, transient creep stage and steady state creep
stage while do not exhibit the accelerated creep
stage, the creep failure occurs suddenly under the
steady stress level, showing obvious brittle failure
characteristics. Li Tao[11] studied the mechanical
properties changes and hydrophysico-chemical
damage mechanism of slate after water saturation.
The results demonstrated that under the condition
of natural water immersion, the water absorption
rate changes greatly in the first 4d, and after about
8d the water absorption rate of the slate tends to be
stable, but the water-rock interaction is still lagging
behind the water absorption. The mechanical properties parameters are decaying with the growth of
water saturation time ˈ after water saturation for
60d, the peak strength of slate tends to be stable.
Cui Kai[12] observes the macro morphology and
tests the variation of qualities in elastic wave velocity and uniaxial compressive strength of the slate
samples after saturated cycles and wet and dry
cycles in different times. It compares the process of
crack propagations and the variations of quality,
strength and such related indicators of slate sample
under two kinds of water-rock interactions. The test
results reveal the degradation law of slate under
water -rock interaction. Preliminary discussions are
given on the mechanism of degradation of slate
under different water-rock interactions. Lujun
Ding[13] studied the influence of tunnel burial
depth, tunnel diameter and lateral pressure coefficient of original rock stress on the stress and deformation of tunnel surrounding rock under sandstone condition. Zhu Zhende[14] carried out axial
compression test to record the whole degradation
deformation process of rock by mesomechanical
test system, internal variable thermodynamics theory and frictional kinking crack model are employed
to understand the evolution process of microcracks
at different stages. Quantitative relationship between nonelastic strain and stress is established and
theoretical curve of stress strain is also derived.
Wang Li[15] studied the micro-mechanism and
macro-mechanical properties of water-saturated
softening of slate. The results show that the uniaxial
compressive strength of slate tends to deteriorate
obviously during the process of water-saturation,
and with the increase of saturation pressure, the
uniaxial compressive strength decreases continuously, with the increase of time of slate water interaction, the microstructure of rock gradually loosen.
Yiding Zhao[16] implemented a laboratory test to
analyse the mineral composition. The results show
that the reactivity of clay minerals with water is one
of the important reasons lead to large deformation,
the mechanical response and stress state of the
tunnel reflect the influence of the large defor-

mation. For primary lining, large and asymmetrical
deformation, which may result in the failure of steel
arch, shows high risk in safety. Moreover, according to the calculated criterion of bearing capacity,
once the secondary lining starts to bear pressure
from rock mass, unsafety and minor safety reservation of the secondary lining were obtained in two
regions of this structure.
With the continuous development of modern
technology, the depth of mining is increasing year
by year. The water physical properties and expansion characteristics of soft rock in long-term high
temperature and high humidity environment are the
key problems to be studied However, due to the
diversity and complexity of the factors affecting the
swelling and disintegration of soft rock in the presence of water, there are relatively few comprehensive and systematic studies on these factors. Therefore, this study has certain theoretical and practical
significance.
In this paper, the softening and swelling
mechanism of slate under the action of water for a
long time and its evolution law are analyzed by
means of field sampling and test.

MATERIALS AND METHODS
The deformation of soft surrounding rock tunnel section is a problem that runs through the whole
process of tunnel design, construction, maintenance
and management. The interaction between water
and surrounding rock, which causes long-term
expansion deformation in the long-term service
process of the tunnel, has become the focus of
many scholars. Soft rock can be divided into soft
structure rock and loose structure according to its
structural type. This time, the slate of a deep tunnel
is selected as the test sample to study the expansion
of soft rock. The physical indexes and parameters
of the slate are measured by two methods of volume method and wax sealing method for rock samples, as shown in Table 1.
TABLE 1
Main physical indexes of rock samples
Name
of rock
sample

Bulk
density
(g/cm³)

Moisture
content
(%)

Water
saturation
rate
(%)

Porosity
(%)

Slate

2.76

0.22

0.39

1.08

The dimensions of the specimens are shown in
Table 2.
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TABLE 2
Table of rock sample size and quality
Sample
number
1#
sample
2#
sample

a(mm)

b(mm)

H(mm)

M(g)

2.96

3.28

3.10

80.93

3.04

2.80

2.95

65.30

RESULTS
Taking time as abscissa and free expansion
rate as ordinate, the test results are plotted and sorted out. According to the experimental results, the
curve of free expansion rate of 1# sample in all
directions changing with time is shown in Figures
2-4.

The expansion sample is made into a small
cuboid, and the free expansion rate of slate is measured by the free expansion rate tester, as shown in
Figure 1. The axial dial indicator is installed in the
center of the top metal plate, and four horizontal
dial indicators are installed around, which are called
width1, length1, width2 and length2. During the
experiment, slowly inject clean water into the test
instrument, keep the water higher than the upper
permeable stone, and observe the change of dial
indicator.

FIGURE 2
Change curve of free expansion rate in the
length direction of sample(1#)

FIGURE 1
Free dilatometer
In the first hour of the test, the readings shall
be taken every 10 minutes; in the next hour, the
readings shall be taken every 1 hour; in the future,
according to the change of rock expansion rate, the
interval of readings shall be extended gradually
until the rock expansion is stable or destroyed.
The self expansion rate in each direction shall
be calculated according to the following formula,
Ga
Gb
Gh

'a
u 100%
a
'b
u 100%
b
'h
u 100%
h

FIGURE 3
Change curve of free expansion rate in width
direction of sample(1#)

(1)
(2)
(3)
FIGURE 4
Change curve of longitudinal free expansion rate of sample(1#)

Where,
G a ǃ G b ǃ G H—Free expansion rate in
length, width and longitudinal direction respectively.
ǻD ǃ ǻE ǃ ǻK—Expansion deformation in
length, width and longitudinal direction, mm.
a ǃ b ǃ h—Length, width and longitudinal
height of the sample, mm.

1# rock sample is dense and massive, and
there is no striation structure in the photo. The rock
identification before and after the test shows that
the 1# rock sample is mainly cryptocrystalline
structure with semi directional structure, and the
rock composition is mainly composed of cryptocrystalline clay minerals containing more finegrained carbon and a small amount of mica and
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FIGURE 5
Comparison before and after rock sample expansion test
quartz and other clastic components. The comparison before and after the rock sample expansion test
is shown in Figure 5.
It can be seen from the change curve of the
expansion rate of the expansion test that the expansion in the long and wide directions of the rock
sample has started from the time when the rock
sample is soaked in water (as shown in Figure 2 and
Figure 3). The curve slope of expansion rate is very
large in the period of 0-50h, which indicates that
the length direction and width direction are in the
stage of accelerating expansion. In the period of 50140h, the expansion rate began to decrease, and the
expansion rate in the long and wide directions
reached the maximum value of 0.162% and 0.122%
respectively. In the next 140-350h, the trend of the
expansion rate curve is downward, indicating that
the expansion rate begins to decrease, however, the
longitudinal expansion rate remained unchanged in
0-27h, and the expansion rate remained at 0.013%.
In the period of 28-350 hours, that is, in the future,
the expansion curve showed a downward trend, and
a negative value appeared at 230 hours, which indicated that the longitudinal expansion of 1# sample
stopped after a certain stage and began to shrink,
and the shrinkage rate reached 0.2%.
It can be seen from the change trend of rock
expansion curve with time that the expansion of 1#
sample in the long and wide directions is consistent,
and the maximum expansion rate is not much different, which shows that the long and wide directions are nearly isotropic. The direction of length
and width of the cuboid sample is roughly parallel
to the arrangement direction of lamellar minerals
and lamellar minerals, while the longitudinal direction is perpendicular to the arrangement direction of
lamellar minerals and lamellar minerals. When the
sample is soaked in water, because of the strong
hydrophilicity of clay minerals, the rock sample
will expand in three directions.

FIGURE 6
Change curve of free expansion rate in the
length direction of sample(2#)

FIGURE 7
Change curve of free expansion rate in width
direction of sample(2#)

FIGURE 8
Change curve of longitudinal free expansion rate
of sample(2#)
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According to the experimental results, the relationship curve of free expansion rate of 2# sample
in all directions changing with time is shown in
Figure 6 to Figure 8.
For 2# rock sample, it can also be seen from
the trend that the expansion rate curve of rock sample changes with time that the expansion rate keeps
stable(about 0.1%) within 0-200h, during 240-350h,
the expansion rate decreased. When the width direction is 0-140h, the expansion rate is kept at
0.161%, and the expansion rate curve is upward in
140-200h, and the slope is very large, the results
show that the expansion rate increases in this stage,
and maintains about 0.586% in 200-350h, the expansion rate was 0.0039% in 0-240h in the longitudinal direction, and kept stable. In the period of
240-300h, the expansion rate decreases, and the
negative value also appears as the same as 1# rock
sample, which indicates that the shrinkage occurs
due to the pore compaction effect in this period.
From the above analysis, it can be seen that
within 48 hours required by the free expansion rate
test specification, both groups of rock samples
conform to the general rule, and the free expansion
rate in all directions increases gradually with the
passage of time. This shows that the tested rock
sample has certain expansibility after encountering
water, which is consistent with the results of rock
facies identification and microstructure SEM analysis.
In addition to the width direction of the rock
sample in Figure 7, the free expansion rate of 1#
and 2# rock samples in all other directions decreases gradually when the water bubble exceeds 150h,
and the expansion process of the rock sample is
basically terminated after the test exceeds 300h, this
is mainly due to the fact that most of the general
expansion tests are completed in about 48h, so the
subsequent rock expansion results are not available.
For general sedimentary soft rock (such as
mudstone, shale, etc.), the expansion test may be
carried out in about 48h, and the expansion process
of rock may have been completed. For slate and
other rocks that have undergone metamorphism, the
internal structure and composition of metamorphic
rock have changed greatly, which has changed the
physical properties and water physical properties of
rock, so the expansion process time is prolonged.
It's also normal.
For slate with obvious bedding, due to its own
obvious anisotropy, the deformation characteristics
perpendicular to the bedding direction are quite
different from those parallel to the bedding direction, which leads to different characteristics of rock
expansion in different directions. When the rock
starts to expand by absorbing water, it shows positive expansion in all directions at first, but the expansion rate is different due to the different degree
of difficulty of anisotropic expansion in all directions. When the expansion process continues to

develop, the deformation characteristics in the direction of large expansion determine the overall
deformation trend of the whole rock sample. When
the expansion rate in the strong expansion direction
is much higher than that in the weak expansion
direction, and the shrinkage effect in the weak expansion direction caused by the expansion in the
strong expansion direction is higher than that in the
direction, the linear size change in this direction
will be negative. When rock or metal specimens are
tensioned uniaxially, the linear dimension increases
parallel to the tensile stress, while the linear dimension shrinks perpendicular to the tensile stress.
After the soft rock absorbs water, a thick water
film is formed around the solid particles, which not
only makes the volume of the rock expand, but also
weakens the cohesive force between the solid particles, and then induces the collapse of the rock. On
the other hand, due to the disintegration of the rock,
it further increases the volume of the rock, leading
to the rock showing more significant expansion
characteristics, making the expansion and disintegration of the soft rock between There is a dialectical relationship of mutual cause and effect. Therefore, when we study the macroscopic behavior of
soft rock encountering water, we should not only
study the softening and expansion of rock, but also
further study the disintegration of rock, and the
related research will be developed in the follow-up
work.

CONCLUSION
1. In the 48 hours required by the free expansion rate test code, the expansion of slate meets the
general law of rock expansion when encountering
water, and the free expansion rate in all directions
increases gradually with the passage of time. It
shows that the rock sample has certain expansibility
after encountering water, which is consistent with
the results of rock facies identification and microstructure SEM analysis.
2. For general sedimentary soft rock, the expansion test may be carried out in 48h, the expansion process of rock may have been completed, and
the expansion process time of slate will be extended. Although the free expansion rate of slate in all
directions will decrease gradually after the water
soaking time is more than 150h, the expansion
process of rock samples will not be basically terminated until the test time is more than 300h.
3. For slate with obvious bedding, the deformation characteristics perpendicular to the bedding
direction are quite different from those parallel to
the bedding direction, which leads to different characteristics of rock expansion rate in different directions. When the rock starts to expand by absorbing
water, it shows positive expansion in all directions
at first. When the expansion process continues, the
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deformation characteristics in the direction of large
expansion deformation determine the overall deformation trend of the whole rock sample. When
the expansion rate in the strong expansion direction
is much higher than that in the weak expansion
direction, and the shrinkage effect in the weak expansion direction caused by the expansion in the
strong expansion direction is higher than that in the
direction, the linear size change in this direction
will be negative.
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EFFECT OF ENVIRONMENT ON SEED AND OIL YIELD
OF TURKISH BRASSICA RAPA L. GENOTYPES
Fatma Kayacetin*
Central Research Institute for Field Crops, Oil Seed Crops Unit, Sehit Cem Ersever St. No: 9/11, Yenimahalle, Ankara, Turkey

B. oleracea (C genome, n = 9) and B. nigra (B
genome, n = 8) gave rise to three amphidiploid
species B. napus (AC genome, n = 19), B. juncea
(AB genome, n = 18) and B. carinata (BC genome,
n = 17). Among these species, B. oleracea, B. rapa,
and B. juncea are highly polymorphic [2]. B. rapa
is thought to have originated in the Mediterranean
areas and Central Asia [3]. Sun [4] has reported that
based upon comparative morphology, there are
existence of two races, the Western race comprising
oilseed forms and turnip, and the Eastern race comprising vegetable forms [5]. Belongs to Turkish
natural flora B. rapa syn. B. campestris (field mustard or turnip) is both cultured or grow widely under wild natural conditions [6, 7].
B. rapa is an upright winter annual or biennial
that is used for the production of both industrial and
vegetable oil and fodder production. Plants exist as
basal rosettes until flowering stems develop at maturity, in the second year of growth [8, 9, 10]. It is
earlier in flowering and physiological maturity
compared to other alternative oilseed crops that
make better adaptation to short season growing
areas [8, 11, 12] such as the prairies in Turkey.
B. rapa is very high in erucic acid content
range 43–57%, with an average value of 51% [13,
14, 15], which is nutritionally undesired in a vegetable oil. Therefore, they could be used for other
purposes like use in industry. Increased demand for
biodiesel will be a need for greater production of
oilseed crops in future. There is need to breed varieties of B. rapa oil for biodiesel production.
Identifying genetic variety can result in effective use of the germplasm particularly for breeding
studies [16, 17, 18, 19]. It is well known that genetic, ecological and agronomic factors like plant densities, irrigations, sowing times and fertilizers have
significant effects on performance of genotypes
[20, 21]. Important variations for all yield and yield
components within each genotypes can help in
facilitating the selection of superior genotypes [22].
In addition, an ideal genotype should have both
high mean performance and high stability within a
mega–environment [23]. Biplot analyses lets estimation of interaction effect of a genotype/variety in
different environments and it helps to define genotypes best adaptable for specific environmental
conditions [24, 25, 26].

ABSTRACT
Brassica rapa L. can provide important genetic diversity for crop improvement with rotation
benefits to dryland wheat. It can also be cultivated
on marginal areas and can serve as a source of biofuel production. This research aimed to determine
the highest yielding genotypes for a specific environment may be useful for breeders and farmers.
The yield and yield components of five pure genotypes were analysed in four environments obtained
through the combination of two locations and two
years of harvest in a three–replicates design. The
highest and lowest mean values of the examined
properties in genotypes were detected as 133.073.9
cm in plant height, 8.9–5.7 in branches plant–1,
292.4–125.3 in pods plant–1, 2.24–1.62 g in thousand seed weight, 1655.5–576.0 kg ha–1 in seed
yield and 506.4–140.6 kg ha–1 in crude oil yield.
Considering the performance of genotypes, the
most suitable genotype in term of seed yield and
crude oil yield and environment were determined as
Genotype 3 (Tokat), Environment 4 (Ikizce 2018–
2019). Results of this study indicate that, the Genotype 3 can be registered as a variety for specified
regions. The would be new variety or the Genotype
3 appeared to be superior in performance and stability for crude oil yield and has higher values compared to the means of other genotypes. Thus, this
genotype was the best candidate variety and recommended in all of the studied environments or
included in breeding programme to develop high
yielding and stable genotypes.

KEYWORDS:
Biodiesel feedstock, Brassica rapa L., genotype × environment interactions, Oilseed yield, Stability

INTRODUCTION
Brassica species are important oilseed and
vegetable crops worldwide [1]. The Brassica genus
comprises six species, each with considerable morphological variation. Through interspecific hybridizations in all possible combinations, three basic
diploid species Brassica rapa (A genome, n = 10),
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As soil characteristics and climate conditions
in Turkey is quite variable, it must be determined
by testing the adaptation of new species in different
conditions. Yenimahalle and Ikizce locations referring to different weather and soil conditions had a
significantly different effect on the growth, development and yield performance of B. rapa genotypes. Turkey is a plateau with rare plains if we
consider it as whole. The topografy of Yenimahalle
(with hot humid continental climate – Dsa type) and
Ikizce (with warm temprate climate – CSb type) is
significantly different and are separated by hills.
Climatic change can be an important cause for
yield decrease especially in fall sowing. Uncertain
fall rainfalls and inadequacy of irrigation resources
are the limiting factors for fall sowing production in
Turkey. Thus, it is essential to breed high yielding
genotypes that can perform stably under varied
environmental conditions. Adaptation of new species to different environmental conditions is dependent on its phenotypic stability or level of plasticity. The genotypes or cultivars could show variable genotype × environment interactions depending
on environmental factors such as temperature, soil
moisture, soil type and fertility level over the locations/years [27]. Thus, the present investigation was
attempted to study agro–morphological based variations among different local pure genotypes of B.
rapa for economically important quantitative traits.
No such report is available for any B. rapa genotypes. Therefore this study aimed to compare five
pure B. rapa genotypes for their yield and yield
components
under
four
environments at

Yenimahalle and Ikizce for two years (2017–18 and
2018–19), The idea was to identify the most stable
and widely adapted genotypes for their use in future
breeding programme/s on studied environments.

MATERIALS AND METHODS
The experimental material comprising five
pure lines of B. rapa as research material which
was selected from among a large number of genotypes obtained from the USDA gene bank were
evaluated in randomized block design with three
replications under fall sowing conditions at the
Central Research Institute for Field Crops for two
consecutive years under four environments 2017–
18 (Yenimahalle, Ikizce), 2018–19 (Yenimahalle,
Ikizce). These were multiplied and kept under constant observation from 2012 to 2017 period to examine the characteristics of the taxa and were compared with other related taxa to avoid any mistake.
The genotypes were planted as six rowed, 6 m plots
with 30 cm row spacing and three replicates each.
Observations were recorded on five plants from
each genotype in each replication at appropriate
stages of crop growth on characters such as plant
height, number of plant lateral branches, number of
plant pods, thousand seed weight. The observations
on days to 90% emergence, days to 50% flowering
and days to 75% maturity were recorded on plot
basis.

TABLE 1
Ratio of winter survival (%), emergence, flowering and harvest date of B. rapa genotypes according to
environment
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TABLE 2
Monthly agro-climatic meteorological data pertaining to vegetation period (September to June) of
Yenimahalle and Ikizce locations
Location
(Altitude)

Climatic
factors

Precipitation
(mm)

Relative
humidity (%)

Yenima
halle
(842 m)

Mean
temperature
(ºC)
Maximum
temperature
(ºC)
Minimum
temperature
(ºC)
Precipitation
(mm)

Relative
humidity (%)

Ikizce
(1050
m)

Mean
temperature
(ºC)
Maximum
temperature
(ºC)
Minimum
temperature
(ºC)

Months
Year
s
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19
Long
years
2017
-18
2018
-19

S

O

N

D

Ja

F

M

A

Ma

Ju

Total
or
mean

17.5

31.8

34.2

42.0

40.2

33.0

36.7

46.7

49.9

34.2

366.2

3.2

10.0

37.2

41.5

48.0

43.5

62.0

2.6

86.2

37.4

371.6

7.4

51.4

24.9

60.4

40.6

33.2

38.0

28.9

30.8

37.4

353.0

49.1

60.5

69.7

76.5

76.4

70.7

63.2

59.0

56.5

52.1

63.4

34.2

55.1

70.0

78.3

77.0

73.3

63.2

44.4

60.0

53.1

60.9

55.4

42.5

47.2

52.1

58.6

46.0

58.9

65.0

81.0

79.0

702.
0

19.0

13.1

6.8

2.3

0.4

2.3

6.4

11.5

16.2

20.3

9.8

22.6

12.4

7.2

4.8

3.1

6.6

10.2

15.4

18.0

21.4

12.2

20.0

14.8

9.0

3.3

2.0

4.8

7.2

10.8

18.2

22.4

11.2

32.6

27.6

19.7

13.9

11.9

14.7

21.4

25.7

29.3

33.6

33.6

37.7

23.7

18.6

17.0

11.4

15.6

22.7

28.1

28.9

33.9

37.7

33.2

26.8

23.5

12.6

10.8

15.8

20.4

25.5

34.2

33.4

34.2

6.6

1.1

-3.8

-8.2

-11.5

-9.9

-5.9

-0.8

4.1

8.1

-11.5

7.7

3.2

-1.9

-4.6

-3.9

-2.7

-2.8

0.6

9.1

12.4

-4.6

8.1

1.1

-2.3

-10.2

-10.4

-2.4

-3.3

-0.9

6.1

11.7

-10.4

16.4

8.2

13.3

39.9

18.4

29.1

47.0

8.7

75.3

26.1

282.4

30.2

8.2

11.2

26.8

16.6

52.8

61.4

2.6

122.
8

27.0

359.6

2.6

70.2

15.4

53.0

36.2

36.4

20.6

23.4

25.2

63.5

346.5

49.5

66.1

75.4

84.9

88.6

82.1

72.7

64.7

61.9

57.4

70.3

39.2

57.4

73.6

78.6

83.4

78.4

65.9

52.1

65.8

56.7

65.1

47.0

62.7

69.0

85.0

83.9

75.0

58.4

61.1

55.4

58.8

65.6

17.7

11.1

5.4

0.8

-1.4

0.8

4.7

9.5

14.3

18.6

8.2

20.0

9.8

4.7

2.1

-1.0

4.1

7.9

12.2

15.3

18.7

9.4

17.7

12.1

6.5

1.0

-0.8

2.2

4.7

7.9

15.1

18.6

8.5

31.9

25.2

19.2

14.4

11.1

14.2

20.4

23.6

27.4

31.8

31.9

35.1

21.1

16.7

15.0

9.5

14.8

20.7

25.6

26.4

30.1

35.1

31.6

24.7

21.9

8.9

9.3

12.8

17.3

22.7

31.7

29.8

31.7

5.1

-0.1

-7.1

-11.0

-14.8

-11.8

-7.6

-2.2

2.9

7.1

-14.8

4.4

0.5

-5.9

-13.0

-6.5

-5.1

-6.0

-1.6

5.7

9.2

-13.0

5.3

-0.8

-4.3

-12.0

-13.8

-5.9

-6.0

-3.3

1.2

8.7

-13.8

Months: September (S), October (O), November (N), December (D), January (Ja), February (F), March (M), April (A), May
(Ma), June (Ju)
(Meteorology Stations of the Central Field Crops Research Institute, Ankara/Turkey, 2019)
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All genotypes were grown under natural conditions
without fertilizer or pesticides to measure their
potential under natural content was determined by
grinding 10 g of conditions. The thousand seed
weight and seed yield were determined as described
by Ogutcu [28]. The crude oil powdered B rapa
seed samples and extracting by hexane that were
used with Gerhardt 2000 soxhlet apparatus [29].
Recommended package of practices were followed to raise the crop. According to environments
ratio of winter survival sowing, emergence, flowering and harvest date of B. rapa are shown in Table
1. Significant cold damage losses were not observed as plants entered winter at 6–8 leaves rosette
stage [30]. Ratio of winter survival of genotypes
varied according to the environments. According to
means, the most damaged genotype was Genotype
5 (73%) was cold while the least damaged genotype
was Genotype 3 (91%) (Table 1). The monthly
meteorological data pertaining to vegetation period
(September to July) of long years, 2017–18 and
2018–19 agro climatic conditions of Yenimahalle
and Ikizce locations are given in Table 2.
The soil analysis at Yenimahalle and Ikizce
location during 2017, were performed by taking soil
at a depth of 0–20, 21–40 cm (Table 3). All data
were subjected to analysis of variance (ANOVA).
The significant differences among the group
means were separated using the least significant
difference (LSD) test at 0.01 probability level [31].
Variance, Stability and Biplot analyzes were performed with excel based $YFÕ statistical program
developed at the Central Research Institute for
Field Crops. Stability and Bi plot evaluations were
made in terms of grain yield and crude oil yield.

and crude oil yield. The genotypes were compared
and grouped in each environment to determine the
location and environment that performed better.
The analyses of variance for data revealed significant differences among different environments for
all characters excluding number of lateral branches
and crude oil content; environments genotypes for
all characters; genotype × environment interactions
for all characters excluding thousand seed weight
and crude oil content (p<0.01) (Table 4).
The genotypes were compared and pooled in
each environment to determine the better performing genotypes. When the average values of seed
yield were examined, the highest seed yield was
obtained from Genotype 3 with 1702.1 kg ha–1 in
Environment 4 at ,NÕ]FH during 2018–19, followed
by Genotype 3 with 1655.5 kg ha–1 in Environment
3 at Yenimahalle during 2018–19; from Environment 3 with 1179.0 kg ha–1; from Genotype 3 with
1540.8 kg ha–1. The lowest seed yield was obtained
from Genotype 5 with 576.0 kg ha–1 in Environment 3 at Yenimahalle during 2018–19; from Environment 1 with 908.8 kg ha–1; from Genotype 5
with 646.7 kg ha–1. The differences in seed yield for
different genotypes in different environments could
be due to variable adaptation and genetic potential
of the genotypes used in the study. Variable plant
heights, number of lateral branches, number of pods
and thousand seed weight of different genotypes
could be due to environmental effects and genetic
make up of the genotypes included in this study
(Table 4). Effect of genotypes, environments and
genotype × environment interactions for seed yield
and its components was also detected by Bocianowski et al. [25] in B. napus; Mndolwa et al. [26]
in B. rapa; several researchers [32, 33, 34, 35] in B.
juncea; Vedna et al. [37] in B. carinata.
The crude oil content of the genotypes was not
significantly affected by different environmental
conditions. The genotypes were compared and
grouped in mean environment values. While the
maximum crude oil content (30.2%) was determined in Genotype 1, the minimum crude oil yield
was obtained (25.5%) in Genotype 5 (Table 4). This
difference can be due to genetic potential

RESULTS AND DISCUSSION
This study was carried out at Yenimahalle and
Ikizce locations in 2017–18 and 2018–19, two years
of each location were evaluated as 2+2 or 4 different environments. B. rapa genotypes evaluated in
this study exhibited an important level of diversity
for seed yield, yield components, crude oil content

Ikizce

0-20
Clay loamy
56.0
0.025
7.8
5.3
9.3
126.0
21-40
Clay loamy
56.0
0.025
7.8
5.2
10.5
240.0
Mean
56.0
0.025
7.8
5.3
9.9
183.0
0-20
Clay loamy
57.0
0.031
7.8
28.1
3.6
255.0
21-40
Clay loamy
62.0
0.028
7.9
32.3
9.2
179.0
Mean
59.5
0.030
7.9
30.2
6.4
217.0
The Data Were Obtained From Soil Fertilizer And Water Resources Institute, Ankara/Turkey
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Organic
substance
(%)

Potassium
(K)

Phosphorus
(P)

Lime
(%)

pH

Total salt
(%)

Saturation
content
(%)

Texture

Depth
(cm)

Yenima
halle

Location

TABLE 3
The soil analysis during 2017 performed out of the soil taken from locations

1.35
1.28
1.32
1.56
1.06
1.31
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TABLE 4
Effects of location on morphologic characteristics of B. rapa genotypes
Environment

Yenimahalle
(2017-18 E 1)

Ikizce
(2017-18 E 2)

Yenimahalle
(2018-19 E 3)

Ikizce
(2018-19 E 4)

Genotype

F valueE
F valueL
F valueL×E
CV (%)

Number of
lateral branche
(branch plant-1)

Number of
pods (pod
plant-1)

Thousand
Seed yield
seed
(kg ha-1)
weight (g)

Crude
oil
content
(%)

Genotypes

Plant
height
(cm)

1 (Samsun)

90.0 efg

8.6 ab

184.3 d-h

2.09

957.1 de

27.5

93.6 ef
98.2 de

6.7 c-f
6.8 c-f

205.8 c-f
209.2 cde

2.08
2.00

874.4 ef
1424.8 b

28.9
30.6

4 (Tekirdag)
5 (Edirne)
Mean
1 (Samsun)

104.7 cd
78.3 hi
93.0 b
86.2 fgh

7.5 bcd
7.0 c-f
7.3
6.9 c-f

170.8 e-h
161.6 hi
186.3 b
183.7 d-h

1.93
1.73
1.96 b
2.13

675.0 ghi
612.7 hi
908.8 c
961.5 de

28.4
25.9
28.2
28.8

2 (Bursa)
3 (Tokat)

80.6 ghi
87.6 fgh

6.8 c-f
7.0 c-f

164.4 ghi
167.6 fgh

2.13
2.24

920.1 def
1380.7 b

26.9
30.0

4 (Tekirdag)
5 (Edirne)
Mean

89.5 efg
73.9 i
83.6 c

8.1 abc
6.5 def
7.1

177.8 d-h
174.6 d-h
173.6 b

2.01
1.81
2.01 a

786.1 e-h
651.3 hi
940.0 c

27.4
26.6
27.9

1 (Samsun)
2 (Bursa)
3 (Tokat)

113.3 bc
132.4 a
128.6 a

6.9 c-f
8.6 ab
8.6 ab

204.5 c-g
277.7 ab
244.4 bc

1.74
1.85
1.84

1088.7 cd
1251.5 bc
1655.5 a

27.0
28.2
30.6

4 (Tekirdag)
5 (Edirne)
Mean
1 (Samsun)
2 (Bursa)
3 (Tokat)

112.7 bc
89.6 efg
115.3 a
114.7 b
133.0 a
132.8 a

6.7 c-f
5.7 f
7.3
7.2 cde
8.8 ab
8.9 a

208.0 cde
155.6 hi
218.1 a
211.3 cd
292.4 a
267.2 ab

1.82
1.62
1.77 c
1.88
1.97
2.08

836.3 efg
576.0 i
1081.6 b
1077.8 cd
1407.5 b
1702.1 a

29.2
24.5
27.9
29.0
28.6
29.8

4 (Tekirdag)

108.8 bc

6.8 c-f

212.8 cd

1.86

961.3 de

26.3

5 (Edirne)
Mean
1 (Samsun)
2 (Bursa)
3 (Tokat)
4 (Tekirdag)
5 (Edirne)

81.8 ghi
1142 a
101.0 b
109.9 a
111.8 a
103.9 b
80.9 c
3737.7*
1817.9*
260.5*
5.7

6.0 ef
7.5
7.4 a
7.7 a
7.8 a
7.3 a
6.3 b
0.6
4.0*
12.0*
11.6

125.3 i
221.8 a
195.9 b
235.1 a
222.1 a
192.3 b
154.3 c
8420.9*
11658.1*
2861.1*
12.1

1.72
1.90 b
1.96 ab
2.01 a
2.04 a
1.91 b
1.72 c
0.22*
0.19*
0.01
5.3

746.7 f-i
1179.0 a
1021.3 c
1113.4 b
1540.8 a
814.7 d
646.7 e
2382.6*
13836.0*
284.9*
10.8

25.2
27.9
30.2 a
28.1 b
28.1 b
27.8 b
25.5 c
0.6
33.3*
3.0
6.7

2 (Bursa)
3 (Tokat)

of the B. rapa genotype. The significant variability
in seed oil contents among genotypes showed their
potential for use in future breeding programs and
supported by other studies [26, 38, 39].
The oil yield of the genotypes’s was calculated
by comparing it with seed yield and oil percentage.
When the average values of crude oil yield were
examined, the highest crude oil yield was obtained
with 506.4 kg ha–1 in Genotype 3 at Environment 3
Yenimahalle during 2018–19. The lowest crude oil
yield was obtained with 140.6 kg ha–1 in Genotype
5 at Environment 3 Yenimahalle during 2018–19.
The crude oil yield of B. rapa in Environment 3
with 307.6 kg ha–1 at Yenimahalle during 2018–19
and Environment 4 with 332.6 kg ha–1 at Ikizce
during 2018–19 were higher compared to Environment 1 with 259.8 kg ha–1 at Yenimahalle during
2017–18 and Environment 2 with 265.6 kg ha–1 at
Ikizce during 2017–18. The highest oil yield (465.8
kg ha–1) was obtained from Genotype 3. Therefore,

Crude
oil yield
(kg ha1
)
262.7
efg
252.4
efg
435.8 b
190.3
hij
157.8 ij
259.8 a
276.5 ef
250.9 eh
414.8 bc
213.8
ghi
172.1 ij
265.6 b
292.6
def
354.0 cd
506.4 a
244.2
fgh
140.6 j
307.6 a
311.4 de
402.6 bc
506.3 a
252.4
efg
190.3
hij
332.6 b
285.8 b
315.0 b
465.8 a
225.3 c
165.0 d
181.0*
1540.3*
27.5*
12.7

the average oil content of Genotype 3 is considerably high (28.1%). The lowest oil yield (165.0 kg ha–
1
) was obtained from Genotype 5. Therefore, the
average oil content of Genotype 5 is considerably
low (25.5%). Briefly, mean seed yield and crude oil
yield at Environment 3 (Yenimahalle 2018–19) and
Environment 4 (Ikizce 2018–19) were higher compared to seed yield and crude oil yield at Environment 1 (Yenimahalle 2017–18) and Environment 2
(Ikizce 2017–18). The remarkable point here is that
although precipitation amounts for 2017–18 (371.6
mm) and 2018–19 years (353.0 mm) in
Yenimahalle and 2017–18 (359.6 mm) and 2018–
19 years (346.5 mm) in Ikizce are not very different, the rain in October and December 2018–2019
(51.4 and 60.4 mm, respectively) in Yenimahalle
and (70.2 and 53.0 mm, respectively) in Ikizce
positively affected the yields by allowing the genotypes to enter the winter more strongly (Table 2).
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In addition to the genetic potential of genotypes affected diffently by this positive situation.
During the vegetation period in long years, 2017–
18 and 2018–9, there was average temperature of
9.8, 12.2 and 11.2 °C at Yenimahalle, and 8.2, 9.4
and 8.5 °C at Ikizce. The mean temperature of
Ikizce was higher than that of Yenimahalle and
positively affected the yield. Some researcers have
reported higher rainfall and cooler temperatures
during seed development that gave higher yield and
oil content [30, 40].
The genotype × environment interaction was
significant (p<0.01) for crude oil yield and seed
yield (Table 4). The stability of tested genotypes
can be evaluated according to biplot for crude oil
yield (Figure 3) and seed yield (Figure 4). In this
study, the regression coefficient ranged from 0.11
to 1.10. In terms of crude oil yield and seed yield,
in spite of Genotype 3 that showed better adaptability to all environmental conditions, Genotype 5
showed poor adaptability to unfavorable environmental conditions. [41] proposed the ideal genotype
would have a high mean performance over a range
of environments, with a regression coefficient of 1
and deviation mean square from regression of 0.
Genotypes with regression coefficient (b) greater
than 1.0 would be adapted to more favorable environments, whereas those with coefficient less than
1.0 could be relatively better adapted to less favorable growing conditions [42]. This variation in
regression values showed differences in genotype
resistance to environmental changes.

mental conditions (b>1 and xi>x). Genotype 2
demonstrated better adaptability to favorable environmental conditions (b>1 and xi=x). Genotype 1
and Genotype 4 showed average adaptability to
favorable environmental conditions (b=1 and xi<x).
Genotype 5 showed poor adaptability to unfavorable environmental conditions (b<1 and xi<x).
Because of its small b value to unfavorable environmental conditions. Figure 2 shows that the overall seed yield performance of the Genotype 3 was
superior. Genotype 3 showed better adaptability to
all environmental conditions (b>1 and xi>x). Genotype 2 had b–values near to 1 indicating relatively
stable performance over environments. Genotype 2
demostrated better adaptability to favorable environmental conditions (b>1 and xi=x). Genotype 1
and Genotype 4 showed average adaptability to all
environmental conditions (b=1 and xi=x). Genotype
5 showed poor adaptability to unfavorable environmental conditions (b<1 and xi<x). Briefly, Genotype 3 could be considered as the most widely
adaptable and stable genotype in terms of seed yield
and crude oil yield under studied environmentals
(Figures 1, 2).

a

a
b
FIGURE 2
Adaptation status according to mean seed
yield and regression coefficient (b) of B. rapa
genotypes Genotypes means (xi)
The importance of genotype × environment interactions on seed yield and crude oil yield detected
by Vedna et al. [37]. Mndolwa et al. [26] and Priyamedha Kumar [39] showed that the stability for
seed yield can not necessarily be associated with
stability of other yield components. So the stability
parameters were worked out for seed yield and
crude oil yield.

b
FIGURE 1
Adaptation status according to mean crude
oil yield and regression coefficient (b) of B. rapa
genotypes
Figure 1 shows that the overall crude oil yield
performance of the Genotype 3 was superior. Genotype 3 showed better adaptability to all environ-
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lines/genotypes located in the highest spots of diff
erent sectors of the graph have indicated best results
in the ecological conditions in the same sector.
Genotype 3 has the highest crude oil yield and
seed yield of the right, followed by Genotype 2.
Genotype 5 gave lower crude oil yield and seed
yield than average.
While Genotype 3 is the closest to the stability
genotype and seem to be the most stable Environment 3 at Yenimahalle during 2018–19, Genotype 5
seems to be stable Environment 1 at Yenimahalle
during 2017–18 and Environment 2 at Ikizce during
2017–18 for crude oil yield and seed yield. Whereas Genotype 2 seems Environment 3 at
Yenimahalle during 2018–19 and Environment 4 at
,NÕ]FH during 2018–19, Genotype 5 seems to be
stable Environment 1 at Yenimahalle during 2017–
18 and Environment 2 at Ikizce during 2017–18 for
crude oil yield and seed yield. In additon to Genotype 1, 4 seems to be stable Environment 3 at
Yenimahalle during 2018–19 for crude oil yield.
Whereas Genotype 1 seems to be stable Environment 1 at Yenimahalle during 2017–18 for seed
yield, Genotype 3 seems to be stable Environment
at Yenimahalle during 2018–19 for seed yield (Figure 3, 4). It should also be noticed that registered
genotypes had highy high seed yield and crude oil
yield and very high stability. This is probably related to adaptability and genetic potential. High yielding genotypes had positive correlation with environments. On the contrary, low yielding genotypes
were in association with inappropriate environments or genetic potential. Knowing the favorable
environmental factors for specific genotypes, makes
easier their choice for particular regions and growing conditions. Whereas Genotype 3 yielded the
highest seed yield under all environmental conditions, Genotype 5 yielded the minimum seed yield
under all environmental conditions and could not
adapt. However, regarding genotypes stability,
Genotype 3 is considered as the most stable genotypes for all environments under study. The Genotype 1 positively interacted with Environment 1, 2
and 3 whereas Genotype 5 negatively interacted in
all environments in this study. Genotype 2 and 4
gave low seed yield above the grand mean in all
environments. Genotype 3 positively interacted
with all environments and found around the origin
are considered to be more stable.
The differences in the crude oil yield and seed
yield of genotypes showed better performance of
genotypes under the existing agro–climatic conditions of Yenimahalle and Ikizce. This difference
may be due to well adaptation and genetic potential
of the B. rapa genotypes. Biplot analyses lets estimation of interaction effect of a genotype in each
environment and it helps to identify genotypes best
suited for specific environmental conditions [26].
An ideal genotype should have both high mean
performance and high stability within a mega–

a

b
FIGURE 3
Distribution of B. rapa genotypes based on
the first component of G × E interaction and
mean crude oil yield

a

b
FIGURE 4
Distribution of B. rapa genotypes based on
the first component of G × E interaction and
mean seed yield
The stability of tested genotypes can be evaluated according to biplot for crude oil yield (Figure
3) and seed yield (Figure 4) in four environment. B.
rapa genotypes interacted differently with climate
conditions in the observed environments. According to Tadesse et al. [43] in biplot, if a variety or an
environment has a PCA1 score of nearly 0, it has
small interaction effects and was considered as
stable over wide range of environments and genotypes. However, varieties with high mean performance and large PCA1 scores were considered as
having specific adaptability to favorable environments. Badu–Apraku et al. [23] emphasized that
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environment [22, 44]. Stability among the tested
genotypes was mainly associated with their greater
tolerance to stressful environments like low rainfall,
high temperature and late sowing. Desirable B.
rapa genotypes with greater adaptation to different
environments showed above mean seed yield and
crude oil yield. This may help in selection of more
stable B. rapa genotypes for development of new
breeding cultivars [43, 45].

[3] Prakash, S. and Hinata, K. (1980) Taxonomy,
cytogenetics and origin of crop Brassicas, A 5
review. Opera Botanica. (55)
[4] Sun, V.G. (1946) The evaluation of taxonomic
characters of cultivated Brassica with a key to
species and varieties-I. The Characters. Bulletin of the Torrey Botanical Club. 244-281.
[5] Wang, X. and Kole, C. (2015) The Brassica
rapa genome. Vol. 4. Berlin, Heidelberg,
Springer.
[6] Babac, M.T. (2004) Possibility of an information system on plants of South–West Asia
with particular reference to the Turkish Plants
Data Service 7h%ø9(6 Turk Journal of Bot.
28, 119–127.
[7] Guner, A., Aslan, S., Ekim, T., Vural, M. and
Babac, M.T. (2012) A checklist of the flora of
Turkey (vascular plants). Flora Dizisi, 1, 1290.
(in Turkish).
[8] Kayacetin, F. (2019) Morphological characterization and relationships among some important wild and domestic Turkish mustard genotypes (Brassica spp.). Turkish Journal of Botany. 43(4), 499–515.
[9] Downey, R.K., Stringam, G.R., McGregor, D.I.
and Stefansson, B.R. (1975) Breeding rapeseed
and mustard crops. In Oilseed and Pulse Crops
in Western Canada, A Symposium.
[10] Young Mathews, A. (2012) Plant guide for B.
rapa (Brassica rapa var. rapa) USDA–Natural
Resources Conservation Service, Corvallis
Plant Materials Center, Corvallis, OR.
[11] Blackshaw, R., Johnson, E., Gan, Y., May, W.,
McAndrew, D., Barthet, V. and Wispinski, D.
(2011) Alternative oilseed crops for biodiesel
feedstock on the Canadian prairies. Canadian
Journal of Plant Science. 91(5), 889–896.
[12] Khurshid, H., Arshad, M., Khan, M.A., Ali, N.,
Shinwari, Z.K., and Rabbani, M.A. (2019) Genetic structure of Pakistani oilseed Brassica
cultivars revealed by morphometric and mivrosatellite markers. Pakistan J. of Botany.
51(4), 1331–1340.
[13] Kayacetin, F., Efeoglu, B. and Sarioglu, G.
(2018a) Evaluation of fatty acid compositions
of some important wild and domestic Turkish
mustard genotypes (Brassica spp.) International Journal of Secondary Metabolite. 5(4),
270–278.
[14] Cartea, E., Haro–Bailón, D., Padilla G,
Obregón–Cano, S., Del Rio–Celestino, M. and
Ordás, A. (2019) Seed Oil Quality of Brassica
napus and Brassica rapa Germplasm from
Northwestern Spain. Foods. 8(8), 292.
[15] Konuskan, D.B., Arslan, M. and Oksuz, A.
(2019) Physicochemical properties of cold
pressed sunflower, peanut, rapeseed, mustard
and olive oils grown in the Eastern Mediterranean region. Saudi Journal of Biological
Sciences. 26(2), 340–344.

CONCLUSION
According to the result the analyses of variance for data revealed significant differences
among different environments for all characters
excluding number of lateral branches and crude oil
content; genotypes all characters; genotype ×
environment interactions all characters excluding
thousand seed weight and crude oil content
(p<0.01). Genotype × environment interactions
were investigated, and the interactions were found
to be significant (P  0.01) for yield. The genotype
and environment main effects as well as genotype
× environment interactions had the strongest effect
on crude oil yield and seed yield. Genotype 3 was
among genotypes that showed statistically significant and higher seed yield and crude oil yield as
compared to all other genotypes. The stability
analysis in this study showed that among the five
genotypes, Genotype 3 was found the most stable
and adaptable in all the studied environments.
Genotype 3 can be considered an ideal genotype
so further evaluated for advanced research or in
different breeding programs to breed high yielding
and stable cultivars having wider adaptability
under fall sowing seasons. In addition, it may
recommended for cultivation across the environments for biodiesel feedstock.
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Many reasons lead to water shortages in Egypt,
where surface water bodies and streams are exposed
to contamination from industrial activities and hazardous human practices. For example, most
wastewater is discharged into the rivers and canals,
in urban and rural areas alike, and unsuitable irrigation methods and misuse of water are the clearest
causes [8]. Therefore, water quality requires monitoring, data collection, analysis, and interpretation.
That the understanding the spatial and temporal variations of water quality in any region is so important
for decision makers to evaluate water quality and to
establish suitable water sector management policies
[9].
The water quality index (WQI) has been used to
protect and monitor water quality. WQI is considered to be a powerful standard to monitor the status
of surface water using a mathematical model which
merges datasets as input factors in the Geographic
Information System (GIS) environment, where GIS
provides techniques and useful tools to manage the
data collected and make it more understandable [10].
The model creates a map that describes the spatial
distribution of contamination. WQI has been used in
many previous studies to assess the status of water
quality [1, 11-26]. This model is also able to evaluate
the suitability of water for different purposes (i.e. domestic, irrigation, and drinking) [27]. The purpose of
the study was to map the WQI of the Ismailia Canal,
Egypt, based on parameters which were obtained
from water analysis and the GIS environment.

ABSTRACT
Ismailia Canal is one of the River Nile's main
tributaries in Egypt. The main aim of this study was
to assess the quality of the surface water of the Ismailia canal. Water quality was determined using the
geographic information system (GIS) environment
and water quality index (WQI). Also, Residual Sodium Bi-carbonate (RSBC), Permeability Index (PI),
Magnesium Adsorption Ratio (MAR), Kelley's Ratio and Soluble Sodium Percentage (SSP) were evaluated to determine the suitability of the water for irrigation. The results demonstrate that water from
both the Abu Za’baal Fertilizer Company and in front
of the Aluminium Sulphate Company stations is not
suitable for irrigation and the water should be treated
before being used for this purpose. In conclusion,
sources of pollution affecting the Ismailia Canal
should be monitored and adequate strategies developed for the safety of the ecosystem.

KEYWORDS:
Water Quality, Ismailia Canal, GIS, Spatial analysis, biochemical parameters

INTRODUCTION
Currently, water scarcity is considered to be
one of the most severe environmental problems that
faces Egypt [1-3], which also has environmental pollution problems, requiring more effort and environmental awareness, along with more scientific research on environmental issues, especially those related to water. According to the African Development Bank report of 2009, 80% of the country's industrial waste is discharged untreated into surface
water bodies and no monitoring is performed. Therefore, surface water sources are considered to be
among the most vulnerable water sources in Egypt
[4, 5]. As well as The increasing population demands
more social, economic and environmental requirements, lead to increases the environmental impacts,
thus, there is an urgent need to determine the suitable
effective method that help to timely monitor of these
environmental impacts and variations [6, 7].

MATERIALS AND METHODS
Study Area. Ismailia canal is located on the
western side of the Nile Delta in Egypt as shown in
Figure 1, and forms a freshwater canal link between
the River Nile and the Suez Canal that is used for
drinking water resources, fishing, and farming. Ismailia Canal is downstream of the River Nile; therefore, the water of the canal receives all the contaminants that have previously been discharged into the
River Nile [28]. Besides this, Ismailia Canal has various sources of contaminants that degrade water
quality [29].
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FIGURE 1
Location Map of Study area (Ismailia canal)
The total area surrounding the canal is about
108 Fadden and 5000000 m3/day is required for
farming and drinking [30]. The accelerated growth
of the industry that has been established on or near
the banks has caused an increase in the production of
wastes. These wastes have not only a pronounced direct effect but also a cumulative effect on humankind
[31] since a major function of the Ismailia canal is
the supply of fresh water to the region.
The canal plays an important role in plans for
the reconstruction and development of the Suez Canal zone (Ismailia, Suez, and Port Said) [32]. The Ismailia canal starts at the Nile in the El Mazllat district of Cairo, running east to the Ismailia Governorate, and passing through different districts, such
as Cairo, Kalioubeya, and Sharkey [33]. In the Ismailia Governorate it divides into two branches, one to
the north (90 Km long), which is the source of freshwater in Port Said Governorate, and the other to the
south (about 80 Km long), to the Suez Governorate
[33].
Water samples were collected from eight different sites, from a maximum depth of 35 cm. Water
was sampled over the study period in the winter and
summer of 2019. As reference analysis, the physical,
biological, and chemical characteristics of samples
were compared with the drinking water standards set
by the World Health Organization (WHO) [34]. The
scientific method was utilized to analyse the biological and chemical characteristics of the water samples, which were stored in sterile polyethylene bottles.

The eight sites that were chosen for sampling
were: the mouth of Ismailia Canal, in front of AlAmiria drinking water purification station, in front
of the iron and steel factory, in front of the Petroleum
Company, downstream from the Abu Za’baal Fertilizer Company, in front of the Aluminium Sulphate
Company, the Al Abasa Zone, the end of Ismailia
Canal. DO, Total Suspended Solids (mg/l), Sodium
Adsorption Ratio (SAR) (Unless), sulphate
(mg/l), ammonia (mg/l), Total Dissolved Solids
(mg/l), calcium (mg/l), and bicarbonate were measured using a multi-probe system.
To study the affected factors in the water quality of
the study area, the prevailing arid and semi-arid climatic conditions had been taken into account, therefore the WQI needed to be modified and developed
using new evaluation techniques, suitable for both
groundwater and surface water. The surface water of
Ismailia Canal was evaluated using the GIS environment and parameters described above. Physical and
chemical properties played significant roles in establishing these parameters, as well as the impact of
land use along the canal, Flowchart 1 shows the
schematic methodology behind this research.
Irrigation suitability was determined using
physico-chemical parameters to assess and monitor
water quality for each water sampling over the study
period 2019 (summer and winter). The following irrigation standards were considered: Permeability Index (PI) [35], Residual Sodium Bi-carbonate
(RSBC) [36], Soluble Sodium Percentage (SSP)
[37], and Kelley’s Ratio [38] as shown in Table 1.
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Lab Analysis

Fieldwork
Methodology

Collation data
(2019)

Integrate data into
GIS

Weighted index
Interpolation analysis

WQ rate

Results
FLOWCHART 1
The schematic methodology of the study
TABLE 1
Standards table show weightages and ranks specified for water quality parameters (modified based on
Jordan irrigation water criteria [1, 39].
Sl. No
Criteria
Parameter Range
Ranking
Weights
<1
1
ޓ
3
1
DO*
20%
500- 750
1
Total Dissolved Solids (mg/l)*
750 - 1000
2
2
15%
ޓ
3
50 – 100
1
Total Suspended Solids (mg/l)*
100 - 150
2
15%
3
ޓ150
3

1
4
SAR (Unless)**
20%
ޓ
3

1
5
Sulfate (mg/l)*
15%
ޓ
3

1
6
Ammonia (mg/l)
ޓ
3
5%
75 - 200
1
7
Calcium (mg/l)**
ޓ
3
100 - 500
1
8
10%
ޓ
3
Bicarbonate**
*Indian index 2013
**Modified parameters

These parameters are considered important indicators of any pollution from industrial sources that
may affect the river. Therefore, these parameters
play an important role in monitoring the surface water status, as well as indicating where wastewater is
leaching into the river, which strongly affects the
quality of surface water.

data with the overlay process (the sum of weights and
ranks), where GIS is used extensively to manage various spatial data. This integration leads to results that
are easy to understand. The rating data used to construct WQIs rely on their significance with regard to
water contamination according to the WHO drinking
and irrigation water standards Table 1. This study
calculated the general equation for WQI as shown
below (Equation 1) [39]:

GIS and Water Quality Index modelling.
The GIS environment was used to integrate all the
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Equation 3
The SSP was obtained using the following
equation, based on [37] shown in Table 2.

Equation 1
where ri is the rating value for each parameter
within its subset, and wi represents the weighting associated with each parameter, i.e. how important
each parameter is compared to the other parameters.
The final WQI metric is a measure of how polluted
the water is for a given area, and it is calculated by
multiplying the assigned weight and ranking, which
means an increase in the WQI value corresponds to
higher pollution levels in the water.
The Inverse Distance Weighted (IDW) method
was used to prepare the WQI spatial distribution
map, where IDW is a special tool in the GIS environment referred to as the local spatial interpolation
method or deterministic interpolation method. IDW
was employed because values could be assigned to
sites by calculating unknown values using known
values [40, 41]. The main parameters used to generate the index are Total Dissolved Solids (DO) (mg/l),
Total Suspended Solids (mg/l), SAR (Unless), sulphate (mg/l)*, ammonia (mg/l), calcium (mg/l), and
bicarbonate. These parameters were then used to implement the WQI to assess and monitor water quality
for irrigation.

Equation 4
Kelley's Ratio was obtained using the following equation, according to [38] shown in Table 2.

Equation 5

RESULTS AND DISCUSSION
Analysis of Water Quality Index. The WQI
was computed by integrating the water sample analysis and GIS techniques to construct the WQ model
through a database attributes table and temporal data
records of water quality indicators such as DO, Total
Suspended Solids, SAR, sulphate, ammonia, calcium, and bicarbonate, which were combined to
make maps of the surface WQI by showing the spatial distribution of values along Ismailia Canal,
shown in Figure 2 and Figure 3.
Eight different sites were selected from the Ismailia canal Northern part of Nile River, the physical
and chemical parameters were taken into account
during surface water samples collection from the
sites, where it used to prepare the WQI into the GIS
environment. The results of the water samples analysis are shown in Table 3 and Table 4. Water sampling were analysed during the period of study in
2019 (summer and winter) at the Ismailia canal.

Irrigation and Water Quality. Irrigational
suitability was computed using various indicators for
all sites in the study area. RSBC was obtained using
the following equation, based on [36] shown in Table 2.
Equation 2
The PI was obtained from the following equation, based on [35] shown in Table 2.

TABLE 2
Type of water-based on standards specified for Water Quality Indices.
Index
Range
Water Type Category
<5.0
Good
5.0 – 10.0
Moderate
RSBC
>10.0
Poor
< 25
Good
25 - 75
Moderate
SSP
>75
Poor
< 80
Good
80 - 100
Moderate
PI
>100
Poor

suitable
KR
>1
Unsuitable

suitable
MAR
>50
Unsuitable

suitable
WQI
>50
Unsuitable
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FIGURE 2
Spatial distribution of water quality in summer season.

FIGURE 3
Spatial distribution of surface water index in winter season.
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TABLE 3
Physical and chemical parameters values in summer period of 2019.
DO
TSS
TDS
Na
Mg
K
Ca
HCO3
SO4

NH3

mg/l
9.1
8.2
8.8
8.7
7.8
7.9
8.6
8.4

S1
S2
S3
S4
S5
S6
S7
S8

36
97
59
43
122
105
71
83

256
311
284
267
356
342
301
309

26
34
29
28
40
36
31
33

15
20
22
17
24
21
17
19

Thus, the WQI is beneficial and valid to assess
the water quality in different sites of study area such
as Mouth of Ismailia Canal (I), In front of Al-Amiria
drinking water purification station (II), in the fort of
Iron and steel factory (III), in the front of petroleum
company (IV), after Abu Za’baal fertilizer Company
(V), In front of Aluminium Sulphate Company (VI),
Al Abasa Zone (VII) and End of Ismailia Canal
(VIII). The spatial variation in the WQI is listed in
Table 5 for the period of the study in 2019 (winter
and summer) at the Ismailia Canal.
The results recorded in Tables 5 demonstrates
that there are relative differences in the normalized
WQI values between the two seasons (summer and
winter), where the values increase during winter
2019. According to the water analysis results, the
WQI range was split into two categories; suitable
and unsuitable for irrigation, which required the
transformation of the range of WQI values that resulted from integrating the parameters (120–320) to
produce values (0–100) that are more comprehensible, logical, and easy to compare with other indices
using normalization methods shown in Table 6.
Therefore, water quality in this study was split
into two classes based on the WQI equation results
DVIROORZV ZDVUHJDUGHGDVVXLWDEOH!
was considered to be unsuitable.
Based on the integrated processes, the results
show that the most of the WQI values were distributed between good and poor water quality, suitable or
unsuitable according to the study’s classes. The analysis results found that two of the samples taken from

9.1
7.6
8.1
8.3
7.3
7.5
8
7.8

30
36
33
32
42
38
33
34

146
199
164
153
245
223
177
184

23
35
26
24
42
38
28
31

0.1
0.42
0.16
0.13
0.68
0.59
0.21
0.32

the central canal contained poor quality water that
was unsuitable for irrigation, based on Table 2, while
samples taken from the input and output sites of the
canal exhibited moderate water quality. The WQI results suggest that the canal water quality is suitable
for irrigation. But this finding is not enough to give
the final verdict regarding the water quality of the
canal because these findings can be overturned by
the effect of individual parameters and variables,
such as Total Dissolved Solids, Total Suspended Solids, and SAR. This may indicate industrial activities
and rapid movement in the central zone of the canal,
particularly in sampling sites V and VI, where increased SSP values were obvious at two different
sites (downstream of the Abu Za’baal Fertilizer
Company and in front of the Aluminium Sulphate
Company). Moreover, there was a relative increase
in sulphate concentration at both of these sites, when
compared to the other sites. However, sulphate concentration decreased in the winter.
This increases the effects of the pollutants detected along the canal, too. Discharge of pollutants
from the sides of the canal and disposal of waste from
factories into the watercourse impact the water quality of the canal. The final findings suggest that the
water quality in the canal is unsuitable for drinking,
based on the WHO standards. Otherwise, canal water
is suitable for irrigation and could be used to irrigate
cultivated and agricultural land. However, the canal
water needs to undergo extra treatment to improve
water quality and render it acceptable for agricultural
purposes and, especially, for drinking.

TABLE 4
Physical and chemical parameters values in winter period of 2019.

S1
S2
S3
S4
S5
S6
S7
S8

DO

TSS

TDS

Na

Mg

K

8.3
7.4
8
8.1
7.1
6.9
7.8
7.7

55
139
79
77
161
148
91
127

234
291
267
245
321
312
279
289

26
24
19
18
30
26
21
23

10
16
12
12
20
17
16
14

6.7
5.2
6
6.3
5.2
5
5.9
5.7

75

Ca
mg/l
18
26
23
22
29
28
23
24

HCO3

SO4

NH3

120
176
139
126
201
189
145
151

11
25
17
14
37
28
20
22

0.3
0.78
0.51
0.43
0.89
0.82
0.64
0.73
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TABLE 5
Spatial distribution of WQI during study period and After Normalization values.
Before Normalization
After Normalization
Site
Winter
Summer
Winter
Summer
I
145
145
13
13
II
160
145
20
13
III
145
145
13
13
IV
145
145
13
13
V
160
160
20
20
VI
160
160
20
20
VII
145
145
13
13
VIII
160
145
20
13
Suitability of water for irrigation. According
to the various values of WQI after integrating the
quality parameter, WQI values for the samples of
surface water ranged between 145 and 160 as shown
in Table 4. These values indicate water
quality varied between winter and summer, but the
results determined that the water quality is suitable
for irrigation. The SSP values for surface water samples ranged between 215 and 354 as shown in Table
6a-b. The RSBC values of surface water samples
ranged between 116 and 203 in summer and between
102 and 172 in the winter. These findings mean that
the water quality is unsuitable for irrigation in both
seasons as shown in Table 6a-b. for all sites and it
needs extra treatment throughout the year to be suitable for human use. The SSP values of surface waters
ranged from 42 to 44 in summer and from 41 to 54
in the winter, indicating that the water quality is medium for all sites. The Sodium Adsorption Ratio
(SAR) values ranged between 3 and 5 in both summer
and winter and signified that the water quality is unsuitable for irrigation in the summer, while being
suitable for irrigation in winter at sites III, IV, and
VII, although it is not recommended since the water
quality of samples located between these sites is unsuitable for irrigation and could impact them following water runoff as shown in Table 6a-b.
The PI values of samples ranged between 50
and 68. In the present study, the PI for all the surface
water samples were found to be good, and suitable
for irrigation shown in Table 6 a-b. The surface water

samples results indicated that two sites (V and VI)
were classified as unsuitable for irrigation in both
seasons, while one site (III) was classified as good
for irrigation use in both seasons.

CONCLUSIONS
The WQI of the Ismailia canal was evaluated
by the GIS technique by collecting 16 water samples
during summer and winter. This study aimed to assess water quality and to monitor the contamination
sources that effect the Ismailia canal. The results of
this study could help to improve management methods for ecosystem security based on the WQI developed, where the final values of WQI weights are
used to classify water into two categories: suitable
and unsuitable. Generally, the spatial and temporal
variance of the main water quality parameters were
measured, then all parameters values were integrated
in the GIS environment.
The results indicated that two sites should be
classified in the bad category for irrigation in both
seasons and the water quality of samples was unsuitable; these two sites were downstream from the Abu
Za’baal Fertilizer Company (Site V) and in front of
the Aluminium Sulphate Company (Site VI). Therefore, these sites should be subject to extra treatment
processes in order to improve water quality and thus

TABLE 6-A
water categories for some water quality indices for each site in the study area in the summer season.
SSP
PI
RSBC
KR
SAR
WQI
Index
Sites
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
I
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
II
Medium
Good
Poor
Suitable
Unsuitable
Suitable
III
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
IV
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
VI
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
VII
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
VIII
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TABLE 6-B
water categories for some water quality indices for each site in the study area in the winter season
Index
SSP
PI
RSBC
KR
SAR
WQI
Sites
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
I
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
II
Medium
Good
Poor
Unsuitable
Suitable
Suitable
III
Medium
Good
Poor
Suitable
Suitable
Suitable
IV
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
VI
Medium
Good
Poor
Unsuitable
Unsuitable
Suitable
VII
Medium
Good
Poor
Suitable
Suitable
Suitable
VIII

to become more suitable for irrigation or other human purposes. Although one site in the front of the
iron and steel factory (Site III) was in the good category for irrigation in both seasons, this site should be
subject to increased monitoring so as not to be affected by other sites.
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ABSTRACT

INTRODUCTION

Agriculture sector is vital to ensure global food
security and eradicate poverty in rural areas but climate change poses a great threat to this sector especially in developing countries due to lower adaptive
capacity of farming community in these countries.
Farming community can minimize the impact of climate change on agriculture by adopting climate
change strategies at their farms. Therefore, this study
analyzed how farmers perceive climate change,
which strategies they adopt to minimize the impact
of climate change at their farms, and the influential
factors affecting the adoption of these strategies. For
this purpose, cross sectional data of 195 farmers selected through multi stage purposive and random
sampling techniques were collected in a face to face
survey and multiple linear regression analysis was
used to determine the factors affecting adoption of
climate change strategies. Climate change is no more
a mystery for the farmers and farming community
perceive this variability very well. Majority of the
farmers perceived an increase in both summer as
well as winter temperatures. Farming community in
the area was adopting conventional climate change
strategies such as changing in crop cultivation dates,
new crop varieties, crop diversification, mix farming, and intensified use of chemicals at their farms in
order to minimize the climate changes. Adoption of
climate change strategies at farm level was influenced by schooling years, age, machinery ownership, market distance, agricultural labor force, extension services and total land of the farmers. Therefore,
extension services, and improving road infrastructure to enhance market access are essential to increase adoption of climate change strategies among
farmers.

Climate change is not a distant problem anymore and poses a serious threat to socio ecological
system. As a result of human activities the earth temperature can rise 1.5°C from 2030 to 2052, if it continues to rise at current rate. Climate-related risks to
health; livelihoods, food security, water supply, human security, and economic growth are projected to
increase with rise in global warming [1]. Therefore,
weaker economies of the world are more at risk than
stronger economies. According to climate risk index
2019, of the ten most affected countries due to climate changes, eight were developing countries [2].
Even today in 21st century, hunger has been on the
rise worldwide especially in Pakistan due to economic slowdowns mainly contributed by climate adversities. To improve food and nutrition security
through sustainable crop production is gigantic challenge faced by developing countries where food insecurity and malnutrition is on the rise in previous
few years due to climate change [3]. Thus, Climate
change is affecting agriculture in two ways. At one
hand, natural resources (fertile land and fresh water
resources) are shrinking [4] and on the other hand,
production of major cereal crops is decreasing due to
climate changes all over the world [5-6]. In Central
and South Asian countries crop productivity could
decrease up to 30% till 2050 [7].
Agriculture being wholly dependent on climatic conditions is the most vulnerable sector to climate change particularly in developing countries due
to their lack of adaptive capacity and higher number
of climatic events (floods, droughts, increased number of pest and insect attacks) [8-9]. Therefore, the
whole agriculture system is under threat in many
countries of the world [10]. Although, climate
change is unavoidable but by taking certain
measures against climate change, threats and impacts of climate change can be reduced. All stakeholders have consensus that more systematic efforts
are required to mitigate the effect of climate changes
[11]. A risk management system is required to counter climate adversities consisting of adaptation and
mitigation. This organized system takes into account

KEYWORDS:
Climate change, adoption, adaptation strategies, Perception, agriculture, Punjab
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losses, behavior, and benefits to environmental risk
in agriculture [12]. The mitigation cost could be very
high depending upon the sector and country’s geographical area or location as mitigation actions involve direct reduction of anthropogenic emissions or
enhancement of carbon sinks that are necessary for
limiting long-term climate damage [13]. Adaptation
to a certain measure to counter the climate adversities in short term is less expensive and immediately
responsive, but in the long term to mitigate the effects of climate changes more organized efforts are
required from all stakeholders. Adaptation to climate
change is becoming very important to reduce the
losses due to climate variability [14].
Adaption to climate change is a two-step process. First step is to perceive climate change [15] and
then taking action to reduce the effect of climate vulnerabilities. Adaptation strategies could vary from
sector to sector [16]. Farmers play an important part
not only in economic development of the world but
also in efforts to reduce climatic effects because they
are the biggest user of natural resources [11]. Thus,
it is very important for the farmers to adopt tools and
techniques to reduce the adverse effects of climate
variability [9]. Different barriers and constraints like
financial limitations [17], lack of extension services
[18], water scarcity [14], lack of knowledge [19] climate change disbeliefs [20-21], uncertainty about
causes of climate changes [22] and illiteracy [23] decrease the adaptability of the agriculture system to
climate change.
Pakistan is the 8th most affected country due to
climate changes [2] and agriculture sector is vital for
sustainable economic growth, poverty alleviation,
prosperity, development as well as for food security
of the country [24]. However, it could not achieve
the desired targets in the last decade due to stagnant
productivity of major crops mainly caused by water
scarcity, rapid growing urban population [25] volatile and incompetent agricultural markets, lack of
technology in farming systems and climate adversities (floods, droughts, storms & heat waves). Therefore, sustainable agriculture production efforts are
required not only at federal and provincial level but
also at individual farm levels in the country to meet
food security challenges. Keeping in view that majority of the Pakistani population lives in rural areas
and agriculture is their main source of livelihood
[26] (Pakistan Bureau of Statistics 2017); adaptation
can play a pivotal role to increase their resilience and
adaptability for sustainable farm income [27]. Resilience is defined as the ability of a system to bear or
withstand stress without being conversion into different structure [28]. Resilience needs adaptive capacity which also known as adaptability [29].
Adaptability is defined as the ability of the system to
cope with present or future dangers [30].
Most of the studies conducted until now has focused on either single crop [31-33], single adaptation
strategy [34-36], only one type of farm size category

[37-38], or single issue such as gender discrimination [39-40]. Although focus on an individual issue
is important to cope with specific climate risk, but
handling this only issue may not be useful strategy
alone and may not be appropriate for present and future climate change hazards which can be uncertain
[18]. Although, a wide range of studies have been
conducted ranging from resilience to adaptability
worldwide but very limited research has been conducted on this issue in Pakistan. Therefore, this study
was planned (1) to analyze the perception of farming
community in Pakistan about past and future climate
change (2) to determine the farm level adopted strategies and (3) to determine the socio-economic factors affecting the adoption of climate change countering strategies at farm level.
The study will help the farming community to
adopt climate change strategies which can simultaneously reduce poverty, protect or restore biodiversity and ecosystem services, and remove atmospheric greenhouse gases. Moreover, this study also
explores the factors affecting the adoption of climate
change strategies which ultimately can help to enhance the resilience of ecosystem to climate change.

MATERIALS AND METHODS
Study Area Profile. Constituting more than
half of the country’s total population (111 million)
and having an area of 205,344 sq. kilometers [26].
Punjab is the largest contributor to the GDP (54.1%)
of Pakistan [41]. It is situated approximately at
30,000 N, and 70,000 E in the semi-arid lowlands
zone. The province with fertile agricultural lands and
extensive system of irrigation is playing a vital role
in economic stability and poverty alleviation. The
province has faced many disastrous events like
floods, droughts, and heat waves in recent few years
which have not only destroyed standing crops worth
of billions but also forced people to leave their
homes. Geographically Punjab province is further
divided into four regions: Upper or Northern Punjab
(Urdu: Balai Punjab), Central Punjab (Urdu:
Markazi Punjab), Western Punjab (Urdu: Gharbi
Punjab), and Lower or Southern Punjab (Urdu:
Zayreen Punjab). Central Punjab, the largest and
most developed among all four regions was selected
as the study area. This region is different from other
regions in a way that rainfall is going to decrease and
temperature will increase during period of 2011 to
2050 [42].
Extensive irrigation system and favorable
weather conditions provide an opportunity to cultivate each important crop such as wheat, sugarcane,
rice; cotton and maize in Central Punjab [43]. Agriculture and water sector of Central Punjab is under
the highest risk among all other regions of Punjab
due to climate change [42]. The crops produced in
this region are not only used to fulfill the food
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FIGURE 1
Study area
zone. Therefore, after deciding the total sample size
of the study area, it was proportionally divided into
two ecological zones considering the rural household numbers as shown in Figure 2. Multiple stage
purposive and random sampling techniques were
used to collect data from sampled farmers as the following.
1. Whole Central Punjab was selected as the
study area purposefully.
2. One district with the largest number of rural
households was selected from each cropping zone.
3. In Pakistan a district consists of large towns
(Tehsils in Urdu language). One town with the largest number of rural households was chosen from
each district.
4. In Pakistan one tehsil consists of many union councils. Five union councils consisting of 5 to
8 villages with the largest rural household population
were selected from each Tehsil.
5. After selecting the union councils, a list
with village names as well as farmers residing in
each village was obtained from agricultural offices.
From those lists 2 villages from each union council
were selected through simple random sampling. After village selection, a list of farmers to be interviewed was also drawn through simple random sampling according to the respective agro ecological

requirement of the country, but they also earn significant foreign exchange through exports. Central Punjab is divided into different agro ecological zones according to the climate and crop cultivation. Agroecological zone refers to the partition of a geographical area into smaller regions or units, which have
same features related to land suitability, land quality,
potential yield and environmental impact. Study area
and agro ecological zones of this research are shown
in Figure 1.
Sampling Procedure. In selection of sample
size in the selected study area the from the upper to
lower administrative units, the characteristics of the
unit such as rural household numbers, cropping pattern, agro-ecological zones, irrigation system, and
climate were taken in account. The total sample size
was calculated by the following formula as suggested by Miran (2002) [44].
ே(ଵି)
݊ = (ேିଵ)ఙమ
=195
ෝ ೣ ା(ଵି)


Where Np is the total number of rural households in Central Punjab, P=0.5, for 95% confidence
interval and 0.07 error term with ߪ =0.00127. A similar method was used to determine sample size by
Haq et al 2019 in their study [45]. The rural household numbers are different in each agro-ecological
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sample size. A well-designed questionnaire was prepared by taking into account the previous studies in
this field. Data were collected from 195 rural households through face to face survey in May/June 2018.
During data collection it was found that there were
still some farmers, who did not believe in climate
change. Hence, they did not adopt any strategy.
Therefore, they were excluded from sample size and
the statistical analyses were performed for the remaining 182 farmers.

area were used for analysis. The score of 1.0 was assigned for a strategy adopted by the farmer and 0.00
for non-adoption of a strategy irrespective of the year
of adoption. In the end, all these scores were combined and divided by 15 to get the composite index
of adopted strategies for each rural household separately. The composite index of adopted climate strategies was used as a dependent variable in the analysis. The composite index does not reflect the intensity of adopted strategies but only the range of their
use. It was not practicable to measure the intensity of
some adopted strategies such as agroforestry and
share cropping. The index helps to understand the
variation in adoption of strategies and its reasons
help in preparing plans for effective application of
adopted measures [15, 46].

Description of Farm Level Adopted Strategies. There are a lot of strategies which were considered by many researchers in different regions and
parts of the world for their studies. But only those
strategies which were in line with the socio-economic, institutional and environmental characteristics of the study area were considered in this study.
These strategies are presented in Table 1.

Independent Variables’ Selection Procedure. In the initial phase of the study, a total of 26
social, economic, and institutional explanatory variables having a logical relation with adoption of strategies were considered (Table 2). But, in order to improve the explanatory power and sensitivity of the
model, only those variables which had a high correODWLRQ U ZLWKWKHGHSHQGHQWYDULDEOHZHUHLQ
cluded in the stepwise regression analysis. Multivariate correlation test showed that 14 explanatory variables had higher value of the specified correlation
coefficient of 0.30. These variables had no multi-collinearity among them, and they were included in in
final analysis. Similar method was used by Othniel
Yila and Resurreccion (2013) to select the dependent
and independent variables in their study [47].

Dependent Variable Determining Method.
Perhaps, more important than the adoption of climate change strategies is the approach, how these
measures are being utilized because the ability,
skills, capacity and capability of farmers are different from each other. These characteristics vary from
farm to farm and household to household. Thus, the
adopted strategies also vary from farm to farm accordingly. Initially, 18 adaptation strategies were
taken into account for analysis. But to calculate the
overall degree of adoption of climate change strategies, 15 commonly adopted measures which were
adopted by more than 10% of the farmers in study

FIGURE 2
Sampling procedure
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TABLE 1
Description of adopted strategies in the study area
Strategy
New crop varieties
Use of chemicals
Changing crop type
Irrigation
Change in cultivation dates
Intercropping
Short duration crops
Pray or rituals
Farm diversification
Share cropping
Water conservation techniques
Soil conservation techniques
Changing from farm to non-farm
Crop diversification
Agroforestry
Insurance
Changing purpose of land
Renting land
Source: Review of previous studies

Description
Use of new and hybrid varieties, more tolerant and suitable for high temperature.
Use of more weedicides, pesticides, and fertilizers to overcome the new borne diseases, and maintain productivity
Cultivation of one crop in place of other due to forced replacement
Using more irrigation water or applying innovative irrigation methods to decrease
moister losses and overcome drought.
Crop cultivation before or after certain specific dates to avoid climate extremes.
Intercropping to diversify risk of income loss.
Cultivation of short duration crops to avoid droughts or cyclones.
Asking for help to overcome climate changes from ALLAH
Adoption of both or other occupations (livestock and crops) to minimize risk
A system in which tenant grows crops on someone others land (share both income/
expenses equally)
Cultivating crops on beds to save water, cleaning water channels regularly,
Applying tillage operations, using innovations in the field to address erosion
Adopting a new part time or full time occupation
Cultivation of more crops in order to reduce risk
Using the interactive benefits of combining trees and shrubs with crops to address the
environmental variations and economic risks associated with climate change
Taking insurance as an advance measure to minimize risk
Selling or converting agricultural land into residential or commercial land
Transfer of land from self-cultivation to rent

TABLE 2
Independent variables’ selection
Variables
Mean
Age (X1)
39.65
Schooling years (X2)
10.02
Farming experience (X3)
20.96
Total land (X4)
11.02
Agriculture labor force (X5)
2.15
Hours spent in agriculture practices (X6)
3.07
Market distance (X7)
6.38
Percent of own land (X8)
70.15
Livestock hrs. per day (X9)
2.70
Family size (X10)
9.11
No. of men in family (X11)
3.95
Animal inventory (X12)
10.12
Daily average media hrs. (X13)
1.82
Machinery ownership (X14)
University graduate (X15)
Access to credit (X16)
Membership of farmer organizations (X17)
Extension services (X18)
Farmer to farmer extension (X19)
Climate knowledge (X20)
Off-farm income (X21)
Training (X22)
Output price (X23)
Media access (X24)
Electricity at home (X25)
Irrigation water access (X26)
(*)= Variables having correlation more than 0.30 with dependent variables

Statistical Analysis. The primary focus of this
study was to find those factors (socio economic, institutional and environmental) which affect the farm
level adopted measures. Multiple linear regression is
recognized a useful statistical analysis for this objective. Important determinants of the adopted strategies were scrutinized by stepwise multiple linear re-

Correlation
-0.704*
0.764*
-0.285
0.510*
0.458*
0.451*
-0.308*
0.392*
0.378*
0.224
0.208
0.361*
0.027
0.635*
0.323*
0.616*
.386*
.679*
0.235
0.294
0.275
0.219
0.287
0.001
-0.131
0.032

gression. The multiple linear regression is appropriate for analysis, when both dependent and independent variables are in numerical form as in our case
[48-50]. In our study the dependent variable is the
numerical composite index which can vary from
farm to farm. Some of the explanatory variables such
as age of farmers, schooling years, and farmers’
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FIGURE 3
Past perception of farmers about climate change
experience were collected in continued data form
while dummy variables were used for the other categorical explanatory variables. Among these were
extension services, credit access, membership of organizations, training, media access, availability of
long-term weather forecast, and electricity at home.
It was assumed in our step wise regression analysis,
that our dependent variable is affected by a number
of independent variables x1, x2, x3 …xn. Similar
PHWKRGZDVXVHGE\7DWOÕGLOHWDO  DQG2WKQLHO
Yila and Resurreccion (2013) in their studies to analyze the determinants [47-51]. The model used in
this study is specified as follows:
Y = b0 + b1x1 +b2x2 +b3x3+………………+bnxn
Where,
Y= Dependent variable (Adopted climate changes
strategies’ index)
b0, b1, b2, b3…….bn = Coefficients of explanatory
variables
x1, x2, x3…………..xn = Explanatory variables

RESULTS AND DISCUSSION
Farmers’ Perception about Climate Change
in the Study Area. Climate change has become a
serious issue worldwide as well as in Pakistan and
concerns raised by individuals and scientists are increasing with the passage of time. Normal temperature and other climate conditions are basic requirement for better crop and animal production. Since
optimum farm level production can be attained under
certain climate conditions only, higher or lower temperatures than this level in any season can affect the
productivity of both crops and livestock. Previous
scientific research suggested that 1 0C rise in temperature can cause 5-7% decrease in wheat production
[52]. Majority of the famers (93.9% and 71.7%) perceived an increase in both summer and winter temperatures (Figure 3). This result corroborated to previous study which also stated that the mean minimum and mean maximum temperature both in winter as well as in summer have risen in Pakistan [53].
Precipitation is also an important prerequisite for
good farm productivity. Irregular precipitation,
floods, and droughts have many adverse effects on
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FIGURE 4
Future expectations about climate change
agricultural production. In study area, 77.8% of the
farmers observed a decrease in winter precipitation
while 75.6% observed an increase in summer precipitation. The farmers not only noticed a decrease in
precipitation, but also a negative change both in intensity and number of rainy days during last two decades. In study area, more than 59% of the farmers
observed an increase in summer humidity. According to Chaudhry et al. (2009), heat wave period in
Pakistan has increased by 31 days during the period
of 1980-2007 [54]. A normal fog and frost are also
very important for agriculture in Pakistan as most of
the agriculture production depends on irrigation system. Since the irrigation system does not have the
capacity to irrigate the entire agricultural land
throughout the year in Pakistan. Fog and frost become are important for wheat crop, which is one of
the most important staple foods in the country.
Wheat requires moderate temperature particularly in
the early stages of its cultivation, and fog and frost
help to keep this temperature at moderate level. But
64.4% of the respondents observed a negative
change in fog while 72.2% in frost. In a study conducted by Ahmad et al. (2013) found that frost incidence in Pakistan had reduced resulting in decline of
wheat production [55]. According to most of the
farmers (80.0%), the summer length has increased
during the last two decades. According to Rasul et
al. (2012), the winter has shortened in length in Pakistan due to increase in winter temperature [56].
More than half (56.7%) of the farmers also reported
that the frequency of cyclones decreased during the
last two decades.

Future Expectations of Farmers about Climate Change. Temperature in Pakistan will continue to rise in 21st century [54]. Therefore, most of
the farmers (86.1%) in the study area were expecting
a rise in summer temperature and 78.3% of farmers
were also anticipating an increase in summer season
length in upcoming 20 to 30 years. Similarly, most
of the farmers (81.7%) were also expecting an increase in winter temperature (Figure 4).
Farm Level Adopted Strategies. There are
measures which can significantly reduce the adverse
effects of climate changes. But, more important
thing in strategies adoption is the way, how adopters
make the use of these strategies. Table 3 presents different farm level adopted strategies by farming community in the study area. Climate of the region has
changed gradually, and farmers have perceived these
changes. Farmers were adopting new crop varieties
as their main strategy against climate adversities due
to low productivity, low water efficiency and more
vulnerability to diseases of old varieties. The new
varieties are more drought and disease resistant. Majority of the farmers (92.3%) adopted new crop variety as their countering measure against climate
changes. The 2nd major adopted strategy against climate changes was found praying (86.2%) because
people believe in Allah and think he is the only one,
who can solve their all issues and problems. The 3rd
most adopted strategy was change in cultivation
dates as it was adopted by more than 80.2% sampled
farmers. The reason could be that winter temperature
is rising gradually making winter less cold and
shorter in length, on the other side summer temperature is also increasing with every passing decade,
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TABLE 3
Farm level adopted strategies
Strategies
New crop varieties
Intensified use of chemicals
Changing crop type
Intensification of irrigation
Change in cultivation dates
Intercropping
Short duration crop
Pray
Farm diversification
Share cropping
Water conservation technique
Farm to non-farm
Crop diversification
Soil conservation technique
Agroforestry
Composite index

Adopters (f)
168
129
50
132
146
125
107
157
134
20
137
57
120
83
109

Adopters (percent)
92.3
70.8
27.4
72.5
80.2
68.6
58.7
86.2
73.6
10.9
75.3
31.4
66.0
45.6
59.9

Non-adopters (f)
14
53
132
50
36
57
75
25
48
162
45
125
62
99
73

Non adopters (percent)
7.7
29.2
72.6
27.5
19.8
31.4
41.3
13.8
26.4
89.1
24.7
68.6
34.0
54.4
40.1

Index
0.92
0.71
0.27
0.73
0.80
0.69
0.59
0.86
0.74
0.11
0.75
0.31
0.66
0.46
0.60
0.61

TABLE 4
Factors affecting farm level adopted strategies
Variables
Age (X1)
Schooling years (X2)
Total land (X4)
Agriculture labor force (X5)
Market distance (X7)
Animal inventory (X12)
Machinery ownership (X14)
Extension services (X18)

Beta
-0.253
0.289
0.141
0.087
-0.086
0.142
0.202
0.188

Variable sig
0.000
0.000
0.000
0.016
0.010
0.000
0.000
0.000

thus, farmers had to make adjustments accordingly
due to specific requirements of each and every crop.
Water conservation techniques were the 4th most
adopted strategies in crop cultivation as the irrigation
water availability is becoming major problem in
farm production. Farm diversification (73.6%) and
more application of irrigation water (72.5%) were
also among the major adopted strategies against climate changes in study area. Farm diversification is a
risk minimizing strategy. The farmers are engaging
in other occupation such as livestock, poultry, offfarm job in order to decrease their dependence on agriculture which has become very risky due to climate
changes. Farmers are using more and more chemicals (pesticides and weedicides) to overcome diseases. Intercropping is the least expensive and well
suited for small farmers as they do not have enough
land or resources to adapt to other expensive techniques and it was adopted by more than 68% of the
farmers. Agroforestry was also adopted by more than
60% of framers in study region. Share cropping was
the least adopted (10.9%) measure among all strategies by sampled farmers. The reason may be that
most of the farmers in the area were small farmers
and farming was their main source of livelihood.
Therefore, every family used their own land themselves instead of giving it on share cropping. The
overall climate adoption index was found as 0.61 in
Central Punjab.

R2 cumulative
0.696
0.584
0.798
0.830
0.824
0.817
0.748
0.780

Model sig.

0.000

Influential Factors for Farm Level Adopted
Strategies. Of the 14 explanatory variables included
in the model, 8 variables were found most influential
in explaining adopted strategies against climate
change. These were age (X1), schooling years (X2),
total land (X4), agricultural labor force (X5), market
distance (X7), animal inventory (X12), machinery
ownership (X14), and extension services (X18)
which explained 83% of the total variation. Thus,
this model can explain the adoption of climate
change strategies in complex socio-economic environment of Central Punjab.
The adoption of climate change strategies vary
from farm to farm due to difference in their social,
economic and institutional characteristics such
schooling years, age, machinery ownership, extension services, total land, total number of animals,
market distance, and agricultural labor force characteristics. Out of 8 influential independent variables
only age (X1) and market distance (X7) had negative
effect on farm level adopted climate change strategies (Table 4). Thus, an increment in the schooling
years (X2), total land (X4), agricultural labor force
(X5), animal inventory (X12), machinery ownership
(X14), and extension services (X18) will lead positively towards adaptation. Schooling year was found
directly associated with adaptation of climate change
strategies, which means a one year decrease in the
schooling years of household head will decrease the
adoption of strategies by 0.289 times and vice versa.
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Similarly, the extension services were also positively
related to the adopted strategies. An increase in extension services will increase the climate change
strategies by 0.188 times. Total land of the farmer
also had a direct relation with adopted measures.
One hectare increase in landholding can increase the
adopted measures by 0.141 times. In the same way,
addition of one person of in the agricultural labor
force can increase the farm level adopted measures
by 0.142 times but a one year increase in age of the
farmer can decrease the adopted strategies by 0.253
times. Similar to age, market distance also had a negative relation with adopted measures indicating that
a one kilometer decrease in the distance from home
to market will enhance the adoption by 0.086 times.
These results were in line with previous studies in
this field [46, 57].
Schooling years of the family head is one of the
most important social determinants in adopting any
measure against climate change because it is the
head of the family who makes all decisions regarding house including crop management. More educated person can be much better in getting information about climate changes. Thus, he can take
measures to counter these climate changes. The educated farmers can also interact more easily with the
governmental and non-governmental organizations
in this field to get support from them than with less
educated farmers. Education also improves the analytical ability of farmers to understand the implications of not adopting a strategy. The results corroborate to previous studies in this field [47, 58].
Age of farmer is also one of the main social factors in adoption of strategies against climate changes
as most of the strategies adopted by the farmers are
traditional, cultural, and time consuming. Thus, a
young farmer has more energy and considered more
enthusiastic than old farmers, therefore, he can adopt
these strategies in a better way. The young farmers
are more risk takers and innovative in adopting new
technologies. Therefore, young ones can adapt to climate changes in much better way than their older
counterparts [59].
Machinery ownership (Tube well, tractor,
ploughs, thresher) is one of the most important economic factors in the adoption measures at farm level.
The ownership of machinery increases the rate of
adopted strategies as most of the strategies needs machinery for crop cultivation. Rented machinery is
more expensive to use than owned machinery.
Therefore, presence of machinery increases the
chances of adoption. This is corroborated by findings of other studies [60].
Extension service is one of the most important
institutional factors which affect the adopted
measures against climate adversity. Most of the
small farmers have limited knowledge about climate
changes and sometimes, they are also hesitant in
adoption of new technologies and new seeds due to

lack of knowledge about benefits of the new technologies. Thus, it is the duty of extension workers to inform farmers about climate changes and what should
they do or adopt in order to minimize the impact of
climate changes. The extension services also improve the skills of farmers to make efficient use of
the resources.
Total land is also one of the economic factors
which affect adoption of climate change measures.
Most of the strategies adopted require more land and
capital. Large farmers have more capital to invest at
farm. Therefore they can adopt climate countering
strategies easily than small farmers which have limited resource.
Animals are also one of the factors which can
affect adopted strategies at farm level. The animals
are more sensitive to climate changes, and need more
care, thus, presence of animals at farm can easily inform about climate changes and dangers. Animals
are also a capital which can be used at any time for
investment in agriculture.
Market distance is also one of the main determinants of adopted strategies at farm level. A nearby
farmer can easily and frequently visit the market; can
take information from brokers and other stakeholders. In this way a farmer near to the input/ output
market is well informed than who is living far away
from market and visit rarely. Previous studies also
found inverse relationship between adaptation of climate strategies and market distance [61-62].
Agricultural labor force is also one of the main
demographic factors which affect the climate adaptation strategies. As most of the strategies such as
more application of water, intensified use of chemicals and farm diversification are traditional instead
of technological ones, and need extra labor. Therefore, a household with more persons involved in agriculture can adapt more strategies and negate climate changes in better way.

CONCLUSION
Climate change is not a distant problem anymore and perceived by most of the farmers in the
study area. Majority of the famers perceived an increase in both summer and winter temperatures.
Temperature in Pakistan will continue to rise in 21st
century. Due to this, majority of the farmers in the
study area were expecting a rise in both summer and
winter temperatures in coming decades.
This study shows the traditional, cultural and
historical strategies adopted by the farmers such as
intensified use of chemicals, changing crop type, intensification in irrigation, change in the cultivation
dates, intercropping, short duration crops, pray, farm
diversification, share cropping, water conservation
techniques, changing from farm to non-farm, crop
diversification, soil conservation techniques, and agroforestry at farm level. Advanced strategies in crop
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cultivation are not used in the study area due to limited resources and lack of knowledge about the implications of advance strategies.
In general, this study has policy implications to
improve the adaptation of climate change strategies
and reduce agricultural vulnerability to climate adversities. Almost all the farmers in this research perceived and had knowledge of climate changes, yet
more resolute efforts are required to educate farmers
about the implications of uniform farming systems.
NGOs are actively working and participating in
crafting and advocating for robust and efficient
measures for agriculture farm management. Thus,
civil society and NGOs anxious about impacts of climate changes on agriculture make a solid and vigorous coalition, which can provide space and views on
factors of farmer adopted measures to climate
change.
The results of this research has significant policy implications for increasing the adaptation to climate change strategies in agriculture at farm level
not only in Central Punjab but also anywhere else in
the country. The government of Pakistan is pursuing
a policy of sustainable agriculture in Central Punjab
region. Keeping in view the findings of this study,
government should work to improve the extension
services. Extension agents work as a catalyst in improving the ability, capability and skills of farmers
in order to increase the level adaptation of climate
changes of the farmers. It is advised that government
should enhance the logistic capacities as well as their
technical capabilities, so, they can stay in touch with
the farmers and be able to inform them. Moreover,
the government needs to work on education both formal and informal to improve the education level
among village households as the literacy rate in the
rural areas of the country is very low. The availability of machinery on cheaper rates either by providing
subsidy or decreasing tariffs on imported agricultural machinery can attract farmers to purchase their
own agricultural machinery. The government needs
to focus on small farmers which are the largest community among farmer categorization in the country.
The government can also provide common tractor either to the head of village or at union council level
for small farmers which have land less than 12 acres.
Farmers organizations are present in each tehsil
and district, but most of the small farmers are unaware and do not know much about the presence of
these organizations. Government should take these
organizations membership up to the small farmers.
The improvement in the structure of these organizations could be helpful in increasing adaptation to climate change. A lot of entertainment TV channels are
working in the country but there is not a single channel in the country, which is especially allocated to
agriculture programs. Although TV channel provide
information on temperature and rain but only at particular time during the whole day. Thus, farmers are
in dire need of a TV channel which can provide them

information not only about climate but also what
should they do to minimize climate change effects.
Therefore, either government should take an initiative to open a TV channel itself or it should encourage private public partnership in this sector.
Agriculture insurance could be one of the strategies to help farmers against climate changes; it is
totally absent in the country. Therefore, not only
government needs to take steps to introduce insurance in agriculture sector itself but also it should encourage private insurance companies to start insurance in agriculture through simplified policies to
make farming a more reliable source of income for
the community.
The most important conclusion from this study
is that adoption of climate change strategies needs to
mainstream with the development of the people such
as improved living standard and poverty eradication.
Whole world especially developing countries should
give priority to adaptation in agriculture in their policies. As often in developing countries, adaptation is
given less importance than development. The development is the major goal of every government in developing countries. But these efforts of development
cannot be achieved until, due importance is given to
climate changes adaptation. In order to attain development, interventions should be evaluated, established on whether they decrease the exposure to climate changes or not.
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ABSTRACT

INTRODUCTION

A two years field trial was conducted to determine the effect of various irrigation schedules and
nitrogen rates on the yield and its components of
wheat crop. Irrigation treatments comprised of five
levels i.e. 120, 230, 360, 470 and 600 mm of water
as I1, I2, I3, I4 and I5, respectively. Similarly, the
amount of nitrogen applied as treatment varied as 0,
40, 80, 120 and 140 kg N ha-1 i.e. N0, N1, N2, N3 and
N4, respectively. The findings revealed that irrigation schedule significantly affected various agronomic traits of wheat as maximum number of tillers
m-2, grains spike-1, thousand grain weight and grain
yield were observed for the I4 plot where 470 mm of
irrigational water was applied, while the lowest values of all these parameters were found for I1 treatment where the least (only 120 mm) water was applied across both years. The results further revealed
that in terms of N applied almost similar results were
obtained for most of the studied traits as N3 treated
plots (where 120 kg N ha-1 was applied exhibited
maximum number of tillers, thousand grain weight,
grains spike and grain yield followed by N4, while
the minimum values of these parameters were observed in those plots where no nitrogen was applied,
irrespective of the year. It can be concluded that efficient utilization of vital inputs like water and nitrogen is needed for agricultural and environmental sustainability and to ensure high grain yield of wheat
crop. An ideal combination of irrigational water and
N-rate comprises of applying 470 mm of water coupled with 120 kg of N ha-1. This combination is not
only economical for the farmers but also offers potential to minimize the chances of pollution due to
over application of nitrogen thus guarantying sustainability of the agricultural ecosystems.

Wheat ranks second in production and is a staple food for 35-40% of the world's population [1]. In
Pakistan this crop has significant prominence as it
occupies most of the cultivated area devoted to crop
husbandry. Unfortunately the average yield of wheat
in Pakistan is far below than the rest of the world.
The relatively lower could be mainly attributed to
the limited access of the local farming community to
various inputs such as water, fertilizers and quality
seed. Pakistan which once was water surplus country and was enjoying higher per capita availability of
water is now termed as a water deficient country
where things are getting worst in terms of available
water per person. The country is expected to face frequent drought periods in the near future as no planning (like construction of water reservoirs, awareness campaigns among the local community to efficiently utilize water for domestic and agricultural
purposes etc.) has been done so far to cope with this
menace of water stress. As a consequence, irrigation
water supplies are decreasing rapidly in the country
and many farmers in Pakistan are currently facing irrigation water problems because of shortage of irrigation water supplies during key growth stages of
crops. Thus establishing an efficient irrigation
schedule along with conveyance system is a key
measure in improving grain yield of wheat production systems, especially in arid and semi-arid environments. Previous studies have shown that with an
increase in irrigation level, wheat grain yield is significantly improved [2]. Moreover, irrigation at critical stages of wheat growth such as early tillering,
jointing, heading and flowering has been found to result in higher grain yield through an increase in spike
number, fertile florets and heavier single grain
weight [3,4].
Similarly excessive irrigation can also be quite
detrimental to both yield and quality of wheat crop.
For instance one of the drawbacks of excessive irrigation is that supplemental irrigation usually decreases the protein content of wheat grains [5].

KEYWORDS:
Wheat, Crop productivity, Grain yield, N-Fertilizer, Irrigation, Economic returns
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I3
I4
I5
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TABLE 1
Details of the irrigation treatments assigned to main plots.
Irrigation Days after
Water amount used (mm)
sowing
15-110
50+70
15-40-110
70 + 90+70
15-40-90
120 + 110 + 130
15-40-90-110
120 + 110 + 130 + 110
15-40-90-110-138
120 + 110 + 130 + 110 + 130

Likewise, Wang et al. (2004) [6] also found that irrigation performed two or four times at the grain filling stage resulted in a significant decrease in the
grain protein content. On the other hand, moderate
water deficits during the grain filling stage were
found to increase grain protein content, although a
slight decrease in grain yield was also observed by
[7]. The predicted increase in temperature and decrease or uncertainty in rainfall due to global warming and the associated increase in frequency of
drought are further exacerbating the problems for the
local farming community. Roots play a key role in
acquiring water and nutrients (i.e., improving water
and nutrient use efficiencies) as well as help the plant
to resist or tolerate heat and drought stresses [8]. To
effectively adapt to future climate changes, several
strategies, such as breeding selection, agronomic
practices management and crop rotation have been
undertaken to mitigate its negative impact on crop
productivity [9]. This whole scenario has motivated
researchers to find solutions which if adapted may
minimize the risk of crop failures due to water shortages.
Optimum fertilizer application is vital for enhancing crop productivity [10]. Nitrogen application
is often found to be the most limiting factor in terms
of yield and grain quality of wheat crop [11]. Increased nitrogen application, as well as optimization
of the fertilizer type and timing of fertilization, is a
common strategy aimed at increasing the spike or
grain number per spike and improving the nitrogen
content, and thereby yield and quality [12]. Moreover, the economic N application rate, which is based
on the average yield potential and soil N test, matching nitrogen demand in time and space, is also important in terms of economical yield and quality
[13]. Establishing adequate nutrient levels for crops
has usually involved whole-canopy analysis [14],
but researchers have increasingly recognized the importance and utility of analyzing individual plant
components at various stages of growth to better understand how wheat develops and grows. Nitrogen
at the cellular level increases the number and size of
cells and increases the leaf area and the efficiency of
radiation absorption by plant [15]. Rise of nitrogen
also increases the durability of the leaf area and biomass [16,17]. Wheat production in arid and semiarid areas largely depends on nitrogen management.
In these areas, due to the low soil organic matter, nitrogen is the most important limiting element of

Total Water
Amount (mm)
120
230
360
470
600

yield. Nitrogen mineralization in these areas is not
sufficient for the needs of cereals and the use of appropriate amounts of nitrogen fertilizer to increase
yield in these areas is essential [18].
On the other hand excessive use of nitrogen fertilizer in rainfed wheat leads to an increase in the
growth period, production of more vegetative organs
and ultimately decreases of grain yield, increase of
the number of infertile grains and decrease of harvest
index [16]. So determining the appropriate level of
nitrogen in dry lands which causes the maximum
yield has particular importance in dryland areas.

MATERIALS AND METHODS
The experiment was conducted at Agricultural
Research Station, Serai Nourang (Bannu), Khyber
Pakhtunkhwa province of Pakistan for two consecutive years. The experiment was laid out in split-plot
arrangement with four replications. The plot size of
4 x 1.8 m2 (6 rows) was maintained for each treatment. The variety used was Lakki- J03 sown on a
well prepared seed beds. Recommended seed rate
(120 kg ha-1) was used for sowing. Prior to sowing,
a composite soil sample from the experimental area
up to 30 cm depth was collected and analyzed for
physico-chemical characteristics. Irrigation treatments which comprised of five different levels were
assigned to the main plots. Details of irrigation treatments are given in Table 1. Fertilizer dose of Phosphorus @ 90 kg ha-1 was used in the form of Single
Super Phosphate. For N-treatments which were assigned to subplot, all doses were applied in the form
of Urea. Five different levels of nitrogen fertilizer
ranging from 0 to 140 Kg ha-1 were evaluated in
these trials. All N-treatments were applied in two
splits i.e. 50 % N as basal at sowing time and 50 %
at tillers initiation stage.
At maturity four rows of the plot were harvested and
tied into small bundle for sun drying for about one
week. The dried bundles were threshed for collection
of grain yield. The main objective of this study was
to find out the proper irrigation levels, optimum nitrogen dose and the interaction, if any, between irrigation and nitrogen for maximum yield of wheat.
Data were recorded on various parameters such as
number of tillers m-2, number of grains spike-1, thousand grains weight, and grain yield etc. according to
the standard procedures.
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TABLE 2
Tillers m-2 as affected by different water amount (mm) and nitrogen levels on the quantity, quality & economic impact of wheat crop
Treatments
Tillers m-2
First year

Second year

553.00 D
559.90 CD
619.75 C
742.00 A
648.40 B
15.86

530.70 D
560.70 C
619.75 B
715.23 A
593.53 B
8.48

467.95 E
545.50 D
630.95 C
743.50 A
685.55 B
23.75

467.18 E
538.90 D
601.85 C
728.50 A
647.25 B
12.50

A: Irrigation levels
I1 (120mm)
I2 (230 mm)
I3 (360 mm)
I4 (470 mm)
I5 (600 mm)
LSD (P < 0.01)
B: Nitrogen levels
N0 (Control)
N1 (40 kg ha-1)
N2 (80 kg ha-1)
N3(120 kg ha-1)
N4 (140 kg ha-1)
LSD (P < 0.01)

C: Interaction (A x B)
438.25 IN
I1N0 (120 mm x 00 kg N ha-1)
499.50 LM
I1N1 (120 mm x 40 kg N ha-1)
561.75 I-K
I1N2 (120 mm x 80 kg N ha-1)
-1
654.50 D-F
I1N3 (120 mm x 120 kg N ha )
611.00 F-I
I1N4 (120 mm x 140 kg N ha-1)
357.75 O
I2N0 (230 mm x 00 kg N ha-1)
473.75 MN
I2N1(230 mm x 40 kg N ha-1)
492.75 LM
I2N2(230 mm x 80 kg N ha-1)
782.75 BC
I2N3 (230 mm x 120 kg N ha-1)
-1
692.50 D
I2N4 (230 mm x 140 kg N ha )
434.75 N
I3N0 (360 mm x 00 kg N ha-1)
555.75 JK
I3N1 (360 mm x 40 kg N ha-1)
599.50 G-J
I3N2 (360 mm x 80 kg N ha-1)
641.00 D-G
I3N3 (360 mm x 120 kg N ha-1)
619.75 F-H
I3N4 (360 mm x 140 kg N ha-1)
-1
570.75
H-K
I4N0 (470 mm x 00 kg N ha )
-1
630.75 E-G
I4N1 (470 mm x 40 kg N ha )
811.50 BC
I4N2 (470 mm x 80 kg N ha-1)
865.50 A
I4N3 (470 mm x 120 kg N ha-1)
831.50 AB
I4N4 (470 mm x 140 kg N ha-1)
538.25 KL
I5N0 (600 mm x 00 kg N ha-1)
-1
567.75
H-K
I5N1 (600 mm x 40 kg N ha )
-1
689.25 D
I5N2 (600 mm x 80 kg N ha )
773.75 C
I5N3 (600 mm x 120 kg N ha-1)
673.00 DE
I5N4 (600 mm x 140 kg N ha-1)
53.12
LSD (P < 0.01)
Statistical analysis. Data recorded on all parameters were subjected to analysis of variance
(ANOVA). In case of significant differences, means
of all treatments were compared using Least Significant Difference (LSD) test at 95% level of confidence by using Statistix version 8 software.

386.75 L
467.88 K
510.38 J
707.38 CD
631.13 E
379.25 L
469.75 K
516.00 IJ
707.38 CD
631.13 E
467.75 K
544.88 HI
633.13 E
686.75 D
635.13 E
552.00 GH
629.50 E
804.63 B
854.25 A
735.75 C
550.13 H
582.50 FG
545.13 HI
686.75 D
603.13 EF
32.09

RESULTS AND DISCUSSION
Number of tillers m-2. Productive tiller number is a key determinant of grain yield of wheat. Data
presented in table 2 indicated that irrigation levels
had significant (P < 0.01) effect on tillers m-2 during
1st and 2nd year. Data showed that during 1st year,
maximum number of tillers m-2 (742.00) were noted
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in plots treated with 470 mm of water (I4) while minimum number of tiller.2 (553.00) were produced
when plots were irrigated with 120 mm of water (I1).
Identical results were obtained during 2nd year.
These results are in conformity with [19, 20] Niaz et
al. (1996), Singh and Bhan (1998), who obtained
maximum tillers by increasing irrigation levels. The
data further showed that different nitrogen levels had
significantly affected tillers m-2. It is evident from
the data that during 1st year, maximum number of
tillers m-2 (743.50) were noted when plots were fertilized with 120 kg N ha-1 (N3), while minimum tillers m-2 (467.92) were recorded with no nitrogen fertilizer (N0). In 2nd year, almost the same trend was
observed. These results are also in conformity with
[21] Ayoub et al. (1994) who stated that tillers m-2
gave highest value at 120 kg N ha-1.
It is an admitted fact that nitrogen enhances
vegetative growth. Since the number of tillers in
wheat constitutes the major part of vegetative
growth, therefore increase in tiller per unit area was
proportional to the levels of nitrogen. The data also
indicated that interaction between irrigation levels
and nitrogen was significantly affected during 1st and
2nd year. Data showed during 1st year that maximum
number of tillers m-2 (865.50) were noted when water was used at the rate of 470 mm and applied 120
kg N ha-1 (I4N3), while less tillers m-2 (357.75) were
noted from plots when 230 mm water was applied
with no nitrogen fertilizer application (I2N0). Similar trend was observed in 2nd year. Singh and Bhan
(1998) [20] reported that irrigation and nitrogen levels favorably affected, tillers m-2, grain weight and
grain yield of wheat. Other relevant traits like leaf area
index are also improved under four irrigations and
120 kg N ha-1 application [22].

agreement with Wang et al. (2007) [23], who reported that grains spike-1 increased at 120 kg N ha-1.
Shahbaz Panahi et al. (2012) [24] reported that the
number of grains per spike in drought conditions significantly affects grain yield and with the increase of
nitrogen, number of spikes per square meter and
number of grains per spike increased. This can be attributed to the role of nitrogen in increasing growth
and grain yield [25]. Determining the most important
characteristics and wheat yield components and their
correlation with grain yield causes suitable genotypes be selected and used to increase the yield per
unit area [26].
The data further revealed that grains spike-1
was significantly affected by the interaction between
irrigation and nitrogen levels during both years. It
can be inferred from the data shows during 1st year
that more (89.50) grains spike-1 were noted when
water was used at the rate of 470 mm and applied
120 kg N ha-1 (I4N3), while less grains spike-1
(58.38) were noted from plots when 120 mm water
was applied and no nitrogen fertilizer (I1N0). The
same results were observed both years.
Thousand grains weight (g). It can be inferred
from the data showed in table 4 that 1000-grains
weight was significantly (P < 0.01) affected by various irrigation levels during both years. Statistical
analysis of the data showed that during 1st year maximum 1000-grain weight (48.04 g) was recorded
when plots were irrigated with 470 mm water (I4),
statistically same results were recorded by I5 (600
mm), while minimum (42.89 g) were produced by
plots treated with 120 mm water (I1). Identical results were obtained during 2nd year. These results are
not in agreement with Bandyopadhyay et al. (2010)
[27], who concluded that two irrigations also gave
the maximum grain weight, yet these are in conformity with [20] Singh and Bhan (1998) and [28] Karim
et al. (2000) who reported that grain weight can be
increased by increasing irrigation levels. Similarly
Hassan et al. (2003) [29] stated that water stress
caused premature grain desiccation and resulted in a
marked decline in grain sucrose and reduced grain
weight.
Mean value of the data further indicated that
different nitrogen levels had significantly affected
1000-grain weight during. The data indicated that
during 1st year, maximum (48.01 g) 1000-grain
weight were noted when plots were fertilized with
120 kg N ha-1 (N3), while minimum 1000-grain
weight (44.03 g) were recorded when plots were
treated with no nitrogen fertilizer (N0). During 2nd
year, almost the same trend was followed. These results are in agreement with those of [14] Naeem et
al. (2010). [30] Alavisiny et al. (2013) also stated
that the role of weight of one thousand grains in yield
in comparison to other yield components is more
pronounced. The variations in 1000 grain weight is

Number of grains spike-1. The potential of
wheat spike is determined by the number of grains
spike-1 which is an important yield component of
grain yield. Analysis of the data given in table 3 indicates that irrigation levels had significant (P <
0.01) effect on grains spike-1 during two years. Data
shows that during 1st year maximum grains spike-1
(85.83) were recorded from plots treated with 470
mm water (I4), while minimum grains spike-1 (61.99)
were recorded when 120 mm water (I1) was given.
Similar results were observed in second year. Zeleke
and Nendel (2016) [5] stated that highest number of
grains spike-1 was recorded for 4irrigations and lowest for 2 irrigations.
Data also revealed that grains spike-1 was significantly affected by the different nitrogen levels
during 1st and 2nd year. The data recorded during first
year showed that maximum (89.54) grains spike-1
were noted for plots treated with 120 kg N ha-1 (N3),
statistically similar to N2 and N4, while minimum
grains spike-1 (69.30) were recorded from control
plots (N0). Almost, the same trend was observed during second year and pooled data. These results are in
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mainly due to variations in spikes m-2, as spikes population increases, then the inter- and intra-plant competition increases therefore higher doses of nitrogen
leads to higher vegetative growth but decreases the
grain weight.
Interaction between irrigation levels and nitrogen was significantly affected 1000-grains weight
during. Data showed during 1st year that more

(50.14 g) 1000-grains weight were noted when water
was used at the rate of 470 mm and applied 120 kg
N ha-1 (I4N3), while less 1000-grains weight (40.75
g) were noted from plots when 120 mm water was
applied and no nitrogen fertilizer was given to the
plots (I1N0). Identical results were obtained during
2nd year. Similar results were also reported by Singh
and Bhan (1998) [20].

TABLE 3
Number of grains spike-1 as affected by different water amount (mm) and nitrogen levels on the quantity,
quality & economic impact of wheat crop
Treatments
Number of grains spike-1
First year
A: Irrigation levels
I1 (120mm)
61.99 E
I2 (230 mm)
74.02 C
I3 (360 mm)
77.71 B
I4 (470 mm)
85.83 A
I5 (600 mm)
80.28 B
LSD (P < 0.01)
3.52
B: Nitrogen levels
N0 (Control)
69.30 C
-1
N1 (40 kg ha )
74.89 B
N2 (80 kg ha-1)
80.14 A
N3(120 kg ha-1)
81.99 A
N4 (140 kg ha-1)
80.72 A
4.04
LSD (P < 0.01)
C: Interaction (A x B)
56.38 N
I1N0 (120 mm x 00 kg N ha-1)
-1
67.39 H-J
I1N1 (120 mm x 40 kg N ha )
71.52 F-J
I1N2 (120 mm x 80 kg N ha-1)
72.78 E-I
I1N3 (120 mm x 120 kg N ha-1)
71.31 G-J
I1N4 (120 mm x 140 kg N ha-1)
65.52 IJ
I2N0 (230 mm x 00 kg N ha-1)
-1
73.57
D-I
I2N1(230 mm x 40 kg N ha )
-1
75.96 C-H
I2N2(230 mm x 80 kg N ha )
77.89 C-G
I2N3 (230 mm x 120 kg N ha-1)
77.15 C-G
I2N4 (230 mm x 140 kg N ha-1)
66.58 IJ
I3N0 (360 mm x 00 kg N ha-1)
-1
77.19
C-G
I3N1 (360 mm x 40 kg N ha )
-1
80.45 B-F
I3N2 (360 mm x 80 kg N ha )
82.49 A-D
I3N3 (360 mm x 120 kg N ha-1)
81.86 A-D
I3N4 (360 mm x 140 kg N ha-1)
80.12 B-G
I4N0 (470 mm x 00 kg N ha-1)
81.77 A-E
I4N1 (470 mm x 40 kg N ha-1)
-1
88.66 AB
I4N2 (470 mm x 80 kg N ha )
89.54 A
I4N3 (470 mm x 120 kg N ha-1)
89.05 AB
I4N4 (470 mm x 140 kg N ha-1)
71.27 G-J
I5N0 (600 mm x 00 kg N ha-1)
74.53 D-I
I5N1 (600 mm x 40 kg N ha-1)
-1
84.10
A-C
I5N2 (600 mm x 80 kg N ha )
-1
87.26 AB
I5N3 (600 mm x 120 kg N ha )
84.22 A-C
I5N4 (600 mm x 140 kg N ha-1)
LSD (P < 0.01)
9.03
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Second year
69.20 D
66.94 D
70.24 C
78.20 A
73.44 B
2.92
63.43 C
68.21 B
72.36 A
74.54 A
72.27 A
2.38
63.00 J
60.18 MN
63.85 J-M
65.55 I-L
64.01 J-M
60.72 L-N
66.35 I-K
67.94 H-J
70.11 E-I
69.61 F-I
61.38 K-N
68.83 G-J
72.46 E-H
74.68 C-F
73.84 D-G
73.23 D-H
75.26 B-E
79.51 A-C
82.22 A
80.77 A
65.47 I-M
70.44 E-I
78.03 A-D
80.15 AB
73.14 D-H
5.33

© by PSP

Volume 30– No. 01/2021 pages 93-102

Fresenius Environmental Bulletin

TABLE 4
1000 grain weight (g) as affected by different water amount (mm) and nitrogen levels on the quantity,
quality & economic impact of wheat crop
Treatments
1000-grain weight (g)
First year
A: Irrigation levels
I1 (120mm)
42.89 D
I2 (230 mm)
46.14 C
I3 (360 mm)
46.94 B
I4 (470 mm)
48.04 A
47.61 A
I5 (600 mm)
LSD (P < 0.01)
0.58
B: Nitrogen levels
N0 (Control)
44.03 C
N1 (40 kg ha-1)
46.52 B
46.44 B
N2 (80 kg ha-1)
N3(120 kg ha-1)
48.01 A
N4 (140 kg ha-1)
46.61 B
LSD (P < 0.01)
1.07
C: Interaction (A x B)
40.37 L
I1N0 (120 mm x 00 kg N ha-1)
-1
42.90 G-I
I1N1 (120 mm x 40 kg N ha )
42.43 HI
I1N2 (120 mm x 80 kg N ha-1)
44.87 D-G
I1N3 (120 mm x 120 kg N ha-1)
43.48 F-H
I1N4 (120 mm x 140 kg N ha-1)
-1
43.87
F-H
I2N0 (230 mm x 00 kg N ha )
-1
46.61 B-E
I2N1(230 mm x 40 kg N ha )
45.83 C-F
I2N2(230 mm x 80 kg N ha-1)
48.05 A-C
I2N3 (230 mm x 120 kg N ha-1)
46.32 B-E
I2N4 (230 mm x 140 kg N ha-1)
43.62 F-H
I3N0 (360 mm x 00 kg N ha-1)
46.78 B-E
I3N1 (360 mm x 40 kg N ha-1)
47.38 BC
I3N2 (360 mm x 80 kg N ha-1)
48.52 AB
I3N3 (360 mm x 120 kg N ha-1)
48.43 AB
I3N4 (360 mm x 140 kg N ha-1)
44.72 E-H
I4N0 (470 mm x 00 kg N ha-1)
48.50 AB
I4N1 (470 mm x 40 kg N ha-1)
-1
48.39 AB
I4N2 (470 mm x 80 kg N ha )
50.14 A
I4N3 (470 mm x 120 kg N ha-1)
48.43 AB
I4N4 (470 mm x 140 kg N ha-1)
47.19 B-D
I5N0 (600 mm x 00 kg N ha-1)
-1
47.81
A-C
I5N1 (600 mm x 40 kg N ha )
-1
48.16 A-C
I5N2 (600 mm x 80 kg N ha )
48.49 AB
I5N3 (600 mm x 120 kg N ha-1)
46.41 B-E
I5N4 (600 mm x 140 kg N ha-1)
2.40
LSD (P < 0.01)
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Second year
42.55 D
45.83 C
46.82 B
48.01 A
47.03 B
0.52
43.70 C
45.91 B
46.32 B
47.74 A
46.58 B
0.68
40.75 I
42.24 K
42.34 K
44.50 H-J
43.30 JK
43.40 JK
45.85 F-H
45.92 E-H
47.78 B-D
46.21 E-G
43.92 IJ
46.64 D-G
47.41 B-E
48.31 BC
47.82 B-D
45.65 F-H
47.97 B-D
48.09 B-D
49.93 A
48.40 B
45.17 G-I
46.84 C-F
47.81 B-D
48.19 BC
47.15 B-F
1.52
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TABLE 5
Grain yield kg ha-1 as affected by different water amount (mm) and nitrogen
levels on the grain yield of wheat crop
Treatments
Grain yield (kg ha-1)
First year
Second year
A: Irrigation levels
I1 (120mm)
2529.70 B
2852.65 B
I2 (230 mm)
2887.70 B
2584.85 B
I3 (360 mm)
3078.80 AB
2768.40 AB
I4 (470 mm)
3407.10 A
3042.05 A
I5 (600 mm)
3180.80 AB
2866.90 A
LSD (P < 0.01)
399.40
276.70
B: Nitrogen levels
N0 (Control)
2422.25 D
2764.50 C
N1 (40 kg ha-1)
2892.10 C
2599.05 CD
N2 (80 kg ha-1)
3029.80 BC
2744.90 BC
N3(120 kg ha-1)
3449.40 A
3128.08 A
N4 (140 kg ha-1)
3271.25 AB
2897.63 AB
LSD (P < 0.01)
325.30
236.90
C: Interaction (A x B)
I1N0 (120 mm x 00 kg N ha-1)
2222.50 HI
2520.00 E
I1N1 (120 mm x 40 kg N ha-1)
2712.50 DE
2393.75 G-I
I1N2 (120 mm x 80 kg N ha-1)
2932.50 C-E
2553.75 D-I
I1N3 (120 mm x 120 kg N ha-1)
3285.75 A-D
2972.25 B-F
2812.50 C-E
2506.25 F-I
I1N4 (120 mm x 140 kg N ha-1)
I2N0 (230 mm x 00 kg N ha-1)
2430.00 E
2165.00 I
I2N1(230 mm x 40 kg N ha-1)
2775.00 C-E
2562.50 D-I
I2N2(230 mm x 80 kg N ha-1)
2960.00 C-E
2647.50 C-I
I2N3 (230 mm x 120 kg N ha-1)
3332.50 A-D
3003.75 A-F
I2N4 (230 mm x 140 kg N ha-1)
2941.00 C-E
2545.50 E-I
2810.00 C-E
2492.50 F-I
I3N0 (360 mm x 00 kg N ha-1)
I3N1 (360 mm x 40 kg N ha-1)
2805.00 C-E
2502.50 F-I
I3N2 (360 mm x 80 kg N ha-1)
2961.50 C-E
2675.75 C-I
I3N3 (360 mm x 120 kg N ha-1)
3357.50 A-D
3078.75 A-D
I3N4 (360 mm x 140 kg N ha-1)
3460.00 A-C
3092.50 A-C
I4N0 (470 mm x 00 kg N ha-1)
3260.00 A-D
2705.00 C-H
3140.50 B-E
2822.75 C-G
I4N1 (470 mm x 40 kg N ha-1)
I4N2 (470 mm x 80 kg N ha-1)
2905.00 C-E
2790.00 C-G
I4N3 (470 mm x 120 kg N ha-1)
3886.25 A
3518.13 A
I4N4 (470 mm x 140 kg N ha-1)
3843.75 AB
3374.38 AB
I5N0 (600 mm x 00 kg N ha-1)
2802.50 C-E
2526.25 F-I
3027.50 C-E
2713.75 C-H
I5N1 (600 mm x 40 kg N ha-1)
I5N2 (600 mm x 80 kg N ha-1)
3390.00 A-D
3057.50 A-E
I5N3 (600 mm x 120 kg N ha-1)
3385.00 A-D
3067.50 A-E
I5N4 (600 mm x 140 kg N ha-1)
3299.00 A-D
2969.50 B-F
LSD (P < 0.01)
727.30
529.70
Grain yield (kg ha-1). Statistical analysis of the
data given in table 5 indicates that irrigation levels
had significant (P < 0.01) effect on grain yield during
both years. It is evident from the data that during first
year that maximum (3407.10 kg ha-1) grain yield was
recorded from plots treated with 470 mm water (I4),
while minimum grain yield (2529.70 kg ha-1) were
recorded when 120 mm water (I1) was given, statistically same results were recorded by I2 (230 mm).
In 2nd year, almost the same trend was observed.
These results are in agreement with Trehan and

Sharma (2001) [31] who stated that wheat with 4 irrigations gave 27.20 and 64.50 % more grain yield
than the crop with 3 (2128 kg ha-1) and 2 (1646 kg
ha-1) irrigation respectively. Palsk et al. (2000)
[32]reported that water stress at maximum tillering
and milk stages reduced grain yield by 34.70 and
25.90 %, respectively, compared with the crop with
four irrigations. The possible reason could be that
water deficit during the grain formation period results in reduced grain weight and hot, dry and strong
wind in combination with a water deficit during this
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period causes shriveling of grain. During the ripening period a drying off period is often induced by
discontinuing irrigations and water deficit during
this period only has a slight effect on yield
Data regarding grain yield further revealed significant effect of different nitrogen levels during
both years. The data recorded during 2013-14
showed that maximum (3449.40 kg ha-1) grain yield
was noted for plots treated with 120 kg N ha-1 (N3),
while minimum grain yield (2422.25 kg ha-1) was
recorded from control plots (N0), statistically same
results were recorded by plots treated with 40 kg N
ha-1 (N1). Similar trend was observed in 2nd year.
Grain yield increased with increasing N rate. This
might be due to adequate supply of nutrients during
grain filling duration. The data further revealed that
grain yield was significantly affected by interaction
between irrigation and nitrogen levels during. It can
be inferred from the data showed during 1st year that
more (3886.25 kg ha-1) grain yield was noted when
water was used at the rate of 470 mm and applied
120 kg N ha-1 (I4N3), while less grain yield (2222.50
kg ha-1) were noted from plots when 120 mm water
was applied and no nitrogen fertilizer (I1N0), statistically same results were recorded by I2N0 The same
trend was followed during 2nd year. These results are
in agreement with Olesen et al. (2000) [33]. The effect of irrigation on grain yield was almost solely via
an effect of increased transpiration, whereas water
use efficiency and harvest index was unaffected.
There was a significant interaction for grain yield between irrigation and nitrogen strategies with higher
irrigation effects at higher nitrogen rates.
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ABSTRACT
Heavy metal pollution has become a serious environmental concern to global biological diversity.
The continuous accumulation of toxic metals in
plants is affecting the growth, development and reproduction of herbivore insects. In the present study,
heavy metal-induced toxicity through tomato, Solanum lycopersicum L., leaves in Hadda beetle, Epilachna vigintioctopunctata (Coccinellidae; Coleoptera), was assessed. Second instar grubs of E. vigintioctopunctata were exposed to two concentrations i.e.
300 μg ml-1 and 100 μg ml-1 of zinc (Zn) and lead
(Pb) metals. Experiment was performed using CRD
GHVLJQXQGHUFRQWUROOHGFRQGLWLRQV Û&5+
and 16L: 8D h). Feeding indices: relative growth rate
(RGR), relative consumption rate (RCR), efficiency
of conversion of ingested food (ECI), growth parameters: grub weight gain, grub length, leaf weight loss,
and percent survival rate were recorded. Zn showed
to have higher feeding indices (RGR, RCR, and ECI)
at both concentrations. Pb, on the other hand,
showed a significant reduction in RGR due to low
consumption rate and poor efficiency of conversion
of ingested food at both concentrations. Due to decreased feeding indices, grub growth also reduced in
Pb treated insects compared to Zn. Survival rate was
significantly decreased in Zn and Pb treated grubs
compared to control. Observed effects were more
detrimental in insects exposed to Pb. Future studies
should focus other herbivore insects as bioindicators
of heavy metal accumulation in agricultural ecosystems which will help improving environmental
safety guidelines.

INTRODUCTION
Ecological systems around the world have been
adversely affected by human interventions [1]. Anthropogenic sources including rapid industriali-zation, excessive use of chemical fertilizers, pesticides,
herbicides, and increased use of agro-vehicles have
threatened the environment with higher concentrations of toxic heavy metals like lead (Pb), mercury
(Hg), chromium (Cr), aluminum (Al), cadmium
(Cd), nickel (Ni) and zinc (Zn) [2]. These heavy metals are frequently polluting the soil, water, and air,
thus becoming a part of natural biogeochemical cycles [3]. Heavy metals with acute toxicity are capable to accumulate and be persistent in the biological
systems [4]. Higher occurrences of these metals can
cause different lethal effects in organisms including
stress proteins induction [5], immunosuppression
[6], histopathological damage [7], oxidative stress
[8], disruption of endocrine and reproductive potential [9] and also mortality in severe cases [4].
Plants, herbivore insects and their predators are
vital parts of the natural food chains. Plants can absorb toxic metals from soil which, later on, get transferred to phytophagous and, then, to predatory insects [10]. Moreover, the accumulation of heavy
metals in plants has become pervasive environ-mental stress worldwide [11]. Although, plants are also
contaminated by atmospheric heavy metals but
mostly absorb these metals from soil and water [12].
Metals cannot readily leach down in water and have
slow mobility in soil solution. Thus, plants are di-

103

© by PSP

Volume 30– No. 01/2021 pages 103-111

Fresenius Environmental Bulletin

rectly affected by heavy metals when their bioavailable concentration in soil exceeds the capacity of the
environment [13]. Plants under heavy metal stress
show deviation from their normal functioning like
growth retardation, root and shoot length reduction,
low pigmentation, DNA fragmen-tation and genotoxicity, genetic mutation, overpro-duction of reactive oxygen species (ROS) and lipid peroxidation
which may also lead towards cell death [14].
Despite the importance of insects in most ecosystems, the worldwide pollution of systems by
heavy metals has significantly impacted the insect
population. Heavy metals are known to have a negative impact on the growth, development, and metabolism of beneficial and pest insects [15]. Insects have
been widely used as bioindicators due to their strong
relationship with the ecosystem [16]. Under high
metal concentrations, insects attempt to overcome
their negative effects by using an extensive amount
of energy which has serious impacts on their physiological functions [17] like changes in body mass,
generation time, reproductive ability, low fecundity
rate, higher mortality and population decline [18].
So, heavy metals may potentially affect the developmental biology of phloem-feeding insects [19]. Insects can accrue metals through their cuticle openings, spiracles and feeding which not only change
the genetics of insects but can also stimulate apoptotic induction affecting proliferation and viability of
cells which ultimately impact the insect growth and
reproduction [20].
Zn and Pb are important heavy metals, widely
dispersed in agricultural lands mainly due to excessive use of synthetic pesticides and fertilizers, irrigation with industrial effluents, untreated toxic
sludge’s, and increased vehicular use [17]. Zn is an
essential micronutrient for both plants and insects
which serves as activator and cofactor of enzymatic
reactions [21], but it is strongly poisonous at concentration of 150–200 μg g-1 in plant tissues [22]. Pb is
a toxic pollutant, which is regarded as hazardous at
tissue concentration of 30-300 μg g-1 in plants [23].
Increased proportions of Zn and Pb disturb the normal growth, reproduction, hemoglobin production,
and the nervous system of herbivores [24]. Both metals have potential toxicity to disturb insect reproduction at concentrations, which exceed the physiological limits [25].
Epilachna vigintioctopunctata Fabr. (Coccinellidae; Coleoptera) is a common and terrible pest
of vegetables especially Solanaceae and Cucurbitaceae members [26]. This polyphagous pest is extensively present all over the world including Pakistan
and India [27]. High infestation of this beetle hinders
the growth and development of plants resulting in
significantly reduced yield and severe economic
losses. It has been reported that Epilachna beetles
KDYHWKHSRWHQWLDOWRGDPDJHXSWRRILQIHVWHG
plants depending upon season and place [26]. Cer-

tain concentrations of heavy metals have been reported, having a potential effect on reproduction and
survival of both prey and predator insects [28]. Accumulation of heavy metals in vegetables is hazardous because vegetables are directly consumed by humans. E. Vigintioctopunc-tata can serve as an important bioindicator for the detection of heavy metals
in vegetables [29]. The present study was, therefore,
designed to evaluate the effects of heavy metals (Pb
and Zn) on feeding indices, growth parameters and
survival of E. vigintioctopunctata as the model insect.

MATERIALS AND METHODS
Insect culture. Adults of E. vigintioctopunctata were collected from the Solanum nigrum L.
plants situated around the campus vicinity. Colonies
of these coccinellids were maintained in transparent
SODVWLFFRQWDLQHUV [[FP DWÛ&WHP
SHUDWXUHDQGUHODWLYHKXPLGLW\ 5+ ZLWKD
photoperiod of 16 L: 8 D h [30]. Collected beetles
were reared on S. nigrum plants. Fresh egg masses,
from 5th generation, were collected from plastic containers and shifted into 90 mm glass petri dishes.
Newly emerged grubs were fed once or twice a day
on fresh leaves till 2nd instar. A synchronized population of second instar grubs was used for the experiment.
Host plants. Fresh unsprayed leaves of tomato
(Solanum lycopersicum L.) were used as a host during the experiment. Tender leaves were collected
from the tunnels of Adaptive Research Institute
within the coordinates of (32°07'23.4"N,
72°40'40.7"E) Sargodha, Pakistan. The leaves were
brought into the laboratory in wet polythene bags
and were provided to the experimental grubs after
washing with distilled water.
Bioassay. Zn and Pb metal solutions with a
concentration of 100 and 300 μg ml-1 were prepared
from ZnCl2 and Pb2(NO)3 (Wenzhou Chemical Materials Plant, Wenzhou, China) in distilled water. To
evaluate the toxicity of heavy metals, leaf-dip bioassay was used. Leaf-dip method is the most efficient
method for toxicity studies of insecticides as it had
lower cost and took less time to perform. Washed tomato leaves were dipped in each treatment for 30
seconds and then dried at an absorbent paper under
sterilized fume hood. Treated dried leaves were
placed in petri dishes lined with Whatman filter paper. A small cotton pad soaked in treatment solution
was also attached with leaf petiole for each treatment. The group having no metal treatment served as
control.
Feeding indices and insect growth parameters. To measure feeding indices, pre-weighed
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leaves were provided to second-instar grubs that had
been starved for 12 h. The data for leaf weight (mg),
grub weight (mg) and feces weight (mg) were recorded before and after feeding. The data was collected at regular intervals of 48 hours. All weights
were recorded using a precise microbalance accurate
to 0.1 mg (AB204-N, Mettler Toledo). Grubs weight
gain (mg) and leaf weight loss (mg) were also calculated from the recorded data. Meanwhile, the grub
length (mm) was measured by using a precise measuring scale. Different feeding indices parameters;
relative growth rate (RGR), relative consumption
rate (RCR) and efficiency of conversion of ingested
food (ECI) were calculated by using following equations [31]:

each flask for cooling. The samples were filtered
with Whatman No. 1 filter paper after cooling and
then diluted up-to 250 mL with deionized distilled
water in a volumetric flask. Accumulation of heavy
metals (Zn and Pb) was detected by atomic absorption spectrophotometer (AA-6300 Series Polarized
Zeeman, Hitachi, Japan), using the specific lamp for
each specific metal at Hi-Tech Laboratory, Department of Pharmacy, University of Sargodha, Pakistan. First, instrument calibration was done using
standard solutions and a calibration curve was created. The actual concentration was estimated in the
samples by establishing calibration curves.
Statistical analysis. Each treatment was replicated five times with five grubs per replication, using
a completely randomized design (CRD). One-way
analysis of variance (ANOVA) was performed for
all set parameters using Statistix 8.1. The means
were compared by LSD Test with the least signifiFDQWOHYHORI3

Relative growth rate (RGR)
'B
RGR
u T ………(i)
BI
Relative consumption rate (RCR)
I
RCR
u T ………(ii)
B

RESULTS

The efficiency of conversion of ingested food
(ECI)
B
ECI
u100 ………(iii)
I
Where:
ǻ%– change in insect body weight (mg), BI –
initial larval weight (mg), I – dry weight of food consumed (mg), B – insect dry weight gain (mg) and T
– duration of feeding period (days).

The results of the present study illustrated a remarkable variation among all the treatments for
RGR, RCR, ECI, grub length, grub weight gain and
leaf weight loss at p < 0.001. Only the survival rate
of E. vigintioctopunctata showed non-significant (p
> 0.05) trend for all the treatments.
Feeding indices parameters of E. vigintioctopunctata in response to heavy metals. Relative
growth rate (RGR). RGR was slightly enhanced at
both concentrations of Zn, lower (0.43 ± 0.009 mg
mg-1 day-1) and higher (0.45 ± 0.018 mg mg-1 day-1),
when compared with control (0.41 ± 0.015 mg mg-1
day-1) (Table 1). Pb showed intense negative effects
on RGR at both concentrations. At higher concentration of Pb (300 μg ml-1), RGR was significantly reduced (0.32 ± 0.012 mg mg-1 day-1) followed by the
lower concentration (100 μg ml-1) of Pb (0.39 ±
0.009 mg mg-1 day-1) (F=13.4; df=4; p=0.0001) (Table 1). Moreover, significant variation was observed
in RGR value between two metal treatments.

Percent survival rate. The data of grub mortality was recorded simultaneously at each time interval. Percent survival rate of each treatment was
calculated by using the following formula [32]:
Number of live grubs
6XUYLYDOUDWH
u 
Total number of grubs
Detection of heavy metal in E. vigintioctopunctata grubs (4th instar). The heavy metals
were detected using method as described by of
Parven et al. [33]. The fourth instar grubs that were
fed on leave treated with heavy metals were taken,
washed with distilled H2O, and dried in an oven for
48 h at 65 °C. The dried grubs were crushed till fine
powder with an electrical grinder. Then, these samples were digested according to the digestion procedure defined by Cock et al. [34] to estimate Zn and
Pb accumulation in grub mass. One-gram dry sample
was transferred into a 100-mL conical flask followed
by the addition of 10 mL of the tri-acid mixture
(HNO3, HClO4, and H2SO4 at 5:2:1). The flasks were
heated on a hot plate until fumes disappeared and
clear colorless solution was obtained amounting 1.5
mL. After that, 1 mL of perchloric acid was added to

Relative consumption rate (RCR). In both Zn
treatments, no significant difference was found in
relative consumption rate (RCR) when compared
with control (126.85 ± 12.7 mg/mg/day). Reduction
in RCR observed at 100 and 300 μg ml-1 concentrations of Pb was 104.17 ± 10.3 and 77.71 ± 6.9 mg
mg-1 day-1, respectively. However, higher concentration of Pb showed a significant reduction in RCR
when compared with control (F=3.08; df=4;
p=0.188) (Table 1).
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TABLE 1
Feeding index parameters of E. vigintioctopunctata* in response to different concentrations of heavy metals. Values represent mean ± S.E.
RGR
(mg mg-1 day-1)
0.41 ± 0.015ab
0.43 ± 0.0096a
0.45 ± 0.018a
0.39 ± 0.0091b
0.32 ± 0.012c

Concentration
(μg ml-1)
100
300
100
300

Treatments
Control
Zinc
Lead

RCR
(mg mg-1 day-1)
126.85 ± 12.768a
111.01 ± 10.034a
122.23 ± 13.777a
104.17 ± 10.367ab
77.71s ± 6.912b

ECI

2.82 ± 0.182a
2.58 ± 0.150ab
2.73 ± 0.148ab
2.37 ± 0.120b
1.89 ± 0.105c

1ZnCl2,

2Pb2NO3
Means sharing similar letters within the column are not significantly different (P > 0.05),
RGR = relative growth rate, RCR = relative consumption rate, ECI = efficiency of conversion of ingested food
*The grubs were allowed to feed on treated leaves for 10 days

TABLE 2
Accumulation of heavy metals (Mean±SE μg g-1) in E. vigintioctopunctata grubs’ body (4th instar)
Treatments
Control
Pb (No3)2 (100 μg/ml)
Pb (No3)2 (300 μg/ml)
ZnCl2 (100 μg/ml)
ZnCl2 (300 μg/ml)

ZnCl2

Pb (No3)2

Grub weight gain (mg)

0.90±0.08b
1.20±0.08
b
0.00
105±0.91a
b
112±1.77a
0.00
a
0.00b
98±1.58
115±1.84a
0.00b
Means showing similar letters within column are not significantly different among treatments at P>0.05
9
8
7
6
5
4
3
2
1
0

a

a

b

a

results of ECI between two metal treatments showed
significant difference for higher Pb level only.
b

b

Growth parameters of E. vigintioctopunctata
in response to heavy metals. Grub weight gain
(GWG). Treatments and the control demonstrated a
significant difference in GWG (F=7.76; df=4;
p=0.0001), both metal treatments reduced GWG at
varying levels. The highest GWG was found in control (8.0 mg) followed by higher (7.6 mg) and lower
(7.2 mg) concentrations of Zn. In contrast, Pb treatment showed a significant decreasing trend in GWG
of E. vigintioctopunctata. Lowest GWG was recorded (4.7 mg) at the higher concentration of Pb
(Figure 1).

Treatments

Grub length. Longest grub length was found
in the control (3.51 mm) treatment. Contrastingly,
grub length reduced at lower level of Zn (3.34 mm)
while it increased at higher Zn level (3.21 mm). Grub
length of E. vigintioctopunctata had a significant decline when comparing the Pb levels with the control
(F=4.0; df=4; p=0.004). The lowest grub length (2.8
mm) was found in the higher Pb concentration treatment (Figure 2).

FIGURE 1
Effect of heavy metals on the grub weight gain of
E. vigintioctopunctata at different concentrations
The highest level of Pb only showed significant difference in RCR value with all other treatments.
Efficiency of conversion of ingested food
(ECI). A significant variation was observed between
the control and Pb treatments in the efficiency of
conversion of ingested food (F=6.57; df=4;
p=0.0001). ECI was slightly reduced in both concenWUDWLRQVRI=QFRPSDUHGWRFRQWURO  
however, the reduction remained non-significant.
While, in case of Pb treatments, ECI percentage was
significantly reduced at higher concentration (1.89 ±
   IROORZHG E\ ORZHU FRQFHQWUDWLRQ  
 RYHUWKHFRQWURO 7DEOH $GGLWLRQDOO\WKH

Leaf weight loss (LWL). Leaf weight loss in
response to feeding of E. vigintioctopunctata is presented in Figure 3. Leaf weight loss was significantly
lower at higher level of applied Pb compared to all
treatment levels which was recorded as 174.0 mg
while the highest leaf weight loss was observed in
the control group (256.08 mg) as well as the higher
concentration of Zn (252.24 mg) indicating high
food consumption (Figure 3).
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the growth, development and body weight gain of
the insects [38]. Agricultural ecosystems are accumulating increased concentra-tions of Pb and Zn,
high enough to modify the E. vigintioctopunctata
physiology, but relevant studies on the topic are
lacking. Insects have a strong potential as bioindicators of heavy metal contamination and can be used
for biomonitoring purpose [29]. Insect growth parameters give a rapid and sensitive response to heavy
metals, determined by food utilization and consumption [39]. In this study, significant reductions were
observed for the RGR, RCR and ECI values when E.
vigintioctopunctata was exposed to higher concentrations of Pb through their diet. However, the Zn
concentrations did not greatly affect the feeding indices despite variation in concentration. Zn is considered an important nutritional element for animals
[37], but exceeding concentrations can negatively affect the growth and development of organisms, especially insects. Higher Zn contents in insect food can
disturb the midgut structure to influence the digestion and absorption of food [40], thus leading to starvation effects with reduced larval growth and survival. However, reduced growth and development,
due to Pb-enriched diet, might be due to toxic effects
of Pb on the body of grubs which decreased grub
growth and development.
Similar to Baghban et al. [37], our findings
showed that heavy metals do not always have negative effects on the organisms. In case of Zinc, the results indicated normal feeding indices (Table 1) and
growth parameters (Figures 1 & 2) of E. vigintioctopunctata compared to control. Up to certain limits,
Zn is considered an important and essential element
for nutrition of organisms [41],

Effect of heavy metals on the survival rate of
E. Vigintioctopunctata. There was no significant
difference among all treatments concerning the survival rate of E. vigintioctopunctata when compared
with control (F=2.54; df=4; p=0.071). The highest
VXUYLYDO UDWH   DQG   ZDV RE
served in control, higher concentration (300 μg ml-1)
and lower concentration (100 μg ml-1) of Zn, respectively. The lowest surYLYRUVKLS   ZDV UHF
orded at higher concentration of Pb (300 μg ml-1)
(Figure 4).
Detection of heavy metals in E. vigintioctopunctata grubs (4th instar). The results obtained
from atomic absorption spectrophotometry indicated
that heavy metal exposure significantly affected (P<
0.01) Zn and Pb metal accumulations in fourth instar
grub body of E. vigintioctopunctata. The results
showed that about 1 ȝg/g of either ZnCl2 or
Pb(NO3)2 were found in the grub body of control
treatment (Table 2). However, 105-112 ȝg/g of
Pb(NO3)2 was detected in larvae feeding on of
Pb(NO3)2 treated leave, while the ZnCl2 contents in
grubs feeding on ZnCl2 treated leave was 98-115
ȝg/g under lower and higher concentrations, respectively (Table 2).

DISCUSSION
The ability of insects to use ingested food to the
best of their potential shows their feeding efficiency
[35]. RGR, RCR and ECI are the most important parameters regarding feeding indices among the insects
[36]. Feeding indices are directly related to and have
strong effects on growth of insects [37]. This assures

4

a

Grub length (mm)

ab

abc

3,5

bc

3

c

2,5
2
1,5
1
0,5
0
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Zn
Pb
Pb
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Heavy Metal Treatments

FIGURE 2
Effect of heavy metals on the grub length of E. vigintioctopunctata at different concentrations
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FIGURE 3
Effect of heavy metals on leaf weight loss by the feeding of E. vigintioctopunctata at different concentrations
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FIGURE 4
Percent survival rate (Mean ± SE) of E. vigintioctopunctata under the effect of different concentrations of
heavy metals
however, it can be toxic at extreme concentrations
[42]. This hypothesis is also supported by Chang et
al. [43] who mentioned that Cu serves as a plant
growth stimulant and 5-30 mg kg-1 of Cu is the normal amount in plant leaves. Similarly, Huang at al.
[44] reported that Cu at lower concentrations in the
diet decreases the generation time of insects. Several
studies have reported harmful effects of Zn on insect
growth and development [40, 45]. Contrary to this,
Xie et al. [46] demonstrated a significant negative
effect of high zinc concentrations on the reproductive capacity of Aphis medicaginis and its predation
by Harmonia axyridis.
At higher concentrations, Pb showed significantly negative effects on the feeding indices and
growth of E. vigintioctopunctata. Growth and ECI
were highly affected under high Pb concentration in
comparison to control. It has to be stated that high or
normal food consumption by insects is not always
related with the growth rate because a reduced efficiency of conversion of ingested food might affect
the growth rate of insects [35]. The reduction in

growth rate in the present study is due to the low consumption rate or poor efficiency of conversion of ingested food due to the presence of toxic metals in the
diet of grubs. This fact is confirmed by the reports of
Woodring et al. [47] who demonstrated that the reduction in growth was directly proportional with reduced food consumption. Moreover, Migula et al.
[48] observed decreased ECI, AD, and ECD in
Acheta domesticus after exposure to heavy metals
which is also in agreement with our results.
The present results showed an increased RGR,
RCR, and ECI in Zn treatments compared to Pb
treatments. This increase in RGR might be due to the
higher efficiency of food consumed in case of Zn. In
Pb treatments, both consumption rate and efficiency
of conversion of ingested food were reduced resulting in a reduced growth rate of E. vigintioctopunctata. Our data support the previous findings of Irving
et al. [49] and Jensen [50] who have reported decreased feeding and consumption rates in insects by
using Cd and Hg, respectively. Moreover, the disturbance in feeding indices parameters of insects can
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lead to serious problems such as reduced larval
growth, larger larval span, and delayed pupal development. This may affect the longevity and fecundity
of adults afterward resulting in susceptibility to diseases and natural enemies [51].
Grub length and grub weight gain were found
higher in the case of Zn when compared with Pb.
Similarly, more leaf weight loss was calculated in Zn
compared with Pb. The survival rate of grub was
found non-significant as there was no significant
variation among all treatments. After application of
Zn and Pb, the accumulation of Zn was slightly
higher. Under agroecosystem, translocation and accumulation of Zn and Pb take place in third trophic
level. However, different heavy metals show different bioaccumulations depending on their retention
and toxicity [51]. Such accumulations of heavy metals may retard growth and development of insects.
Our results clearly suggest that Zn and Pb, even at
lower rates, possess potential to disturb insect
growth, development and survival, but the real
mechanism, behind these effects, is still unknown.
Hence, future studies, may be at molecular level,
might be provoked to document the toxic mechanisms of heavy metals on this insect.
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collapse of the entire framework [2]. Another concern about the design of inorganic frameworks is the
lack of diversity, as the variation of elements used
rarely differs from Al, Si and chalcogens [3].
In order to take advantage of the properties of
both organic and inorganic porous materials, porous
hybrids, known as metal- organic frameworks
(MOFs) have been discovered [4]. These materials
have ordered structures, stable over a wide range of
temperatures, and possess high surface areas [4].
Metal- organic frameworks (MOFs) are compounds consisting of metal ions or clusters coordinated to rigid organic molecules. They consist of two
major components, which are: the central metal atom
and the organic molecule which is known as the ligand [5-6].
MOFs represent a promising new class of porous crystalline solids because they can be designed
in such way as to have some of the largest pore volumes and highest surface areas known. In most
cases, most MOFs exhibit permanent porosity and
can be thermally stable to about 300 °C [4]. MOFs
have cut the attention of many researchers over the
years because of its significant advantages over other
more traditional adsorbents ranging from the organic
ligands present in the backbone which makes possible for the dimensions and properties of MOF channels to be controlled at the molecular level by synthetic modification of the ligand either before or
even after the MOF has been prepared. In making
MOF materials, the combination of metal centers
and organic linkers is unlimited, making it possible
for a wide variety of MOFs materials to be synthesized [7-9]. Consequently, with respect to zeolites,
the structures and physical properties of MOFs can
be controlled to a far greater extent. The void volumes and diameters of channels in some MOFs far
exceed those observed in the most highly porous zeolites, which allows small to medium sized organic
compounds both to diffuse through channels and to
be covalently appended to reactive groups on the
walls of channels [10]. It is specifically these pore
properties that allow MOFs to be potentially useful

ABSTRACT
The application of Metal- organic frameworks
(MOFs) of zinc and copper-based materials for the
removal of Fluorene is reported in this paper. The
copper and zinc Benzene 1,4-Dicarboxylic acid
(BDC) (Zn-BDC and Cu-BDC) MOFs were synthesized using refluxing method, and characterized using Fourier transform infrared spectroscopy (FTIR),
Scanning electron microscopy (SEM), High resolution transmission electron microscopy (HR-TEM),
X-ray diffraction (XRD) and energy dispersive spectroscopy (EDS) techniques. The adsorption of fluorene was favorable with both Zn-BDC and Cu-BDC
MOFs. The data were investigated by the Langmuir,
Freundlich and Temkin adsorption isotherm and the
adsorption kinetics follows the pseudo second order
kinetics model with reference to the correlation data
obtained. The thermodynamic study showed that the
sorption of Fluorene was spontaneous with both ZnBDC and Cu-BDC MOFs over the temperature
range studied. The MOFs materials were found to be
stable over a wide temperature range and the desorption/reusability experiment showed that the MOFs
demonstrated excellent reusability capacity for three
batch adsorption process.

KEYWORDS:
Metal-organic frameworks, water, Zn-BDC, Cu-BDC, fluorene

INTRODUCTION
The use of inorganic porous materials with
highly ordered structures such as zeolites have been
harnessed in separation and catalysis applications
[1]. Synthesis of these materials often require an inorganic or organic template with strong interactions
forming between the inorganic framework and the
template during the synthesis, as a result, removal of
the template in the structural buildup can lead to a
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for volume specific applications such as adsorption,
separation and purification.
In the past, researchers have focused on developing the synthetic methodology necessary to synthesize MOFs but in the last decade to the present
time, the focus of research on MOFs has shifted towards investigating the porous behavior of MOFs
and their applications as an efficient host material
[11-14]. One important area that is beginning to be
explored is sorption of molecular guests and also to
examine whether MOFs exhibit selectivity toward
sorption of certain types of organic compounds and
determine the origin of that selectivity.

were kept in the shaker at 265 rpm for 120 minutes
and the flasks were withdrawn from the shaker. The
solution was separated from the adsorbents by centrifugation and the absorbance of the solution was
measured. The solutions were analyzed for fluorene
using UV-Visible spectrophotometer by monitoring
WKHDEVRUEDQFHFKDQJHVDWȜmax 264 nm and the calibration curve was obtained from the spectra of the
standard solutions at different concentrations [19] .
For each of sorption experiments, the operational
conditions were established and optimized accordingly. At these optimal conditions, the effect of initial concentration of fluorene, adsorbent dose, contact time, temperature and pH on the sorption process was determined [20-22]..
After the sorption process, the reusability of the
MOFs were examined by desorption and regeneration of the adsorbent materials [23].

MATERIALS AND METHODS
Copper and Zinc MOFs of benzene-1,4-dicarboxylic acid were synthesized using previously published work [15-16] Figure 1. Analytical grade zinc
nitrate hexahydrate [Zn (NO3)2.6H2O], copper nitrate trihydrate [Cu (NO3)2.3H2O], 1,4-Benzene-1,
4- dicarboxylic, N, N-dimethylformamide (DMF)
and triethylamine (TEA) were used without further
purification. A stock solution of PAHs (100 ppm)
was prepared by dissolving fluorene in methanol
[17-18]. Working concentrations of fluorene was
prepared by successive dilution of the stock solution.
A 25 mL of the working solutions was put in
different bottles covered with foil. All the bottles

The effect of Initial Concentration of fluorine. The adsorption of the fluorene by MOFs was
studied over a concentration of 10-100 ppm. The effect of the initial concentration was studied by shaking 0.025 g of MOFs and 25 ml of the fluorene solution in different flasks. The flasks were agitated for
two hours with a constant speed of 265 rpm. After
the adsorption step, the solution was separated from
the adsorbent by centrifugation and the final concentration of the fluorene in the solutions was analyzed

FIGURE 1
Flowchart indicating the sorption process
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using UV- Visible spectrometer at the appropriate
ȜPD[[24].

The effect of contact time was carried out over
time range 0-180 mins, the adsorption of fluorene
was observed to increase with increase in contact
time until 120 mins after which a decrease in sorption was observed with further increase in time, as
depicted in Figure 3.

The effect of Initial pH. A mass of 0.025 g of
the MOF was weighed and added into 25 ml solution
of fluorene. The solution pH was adjusted to a desired value within the range of 2, 5, 7, 9 and 12 by
the addition of 0.01 M HCl or 0.01 M NaOH. The
mixture was agitated at the speed of 265 rpm for 120
minutes. After the adsorption step, the solution was
separated from the adsorbents by centrifugation and
the final concentration of the fluorene in the solution
was analyzed using UV- Vis spectrophotometer

CuBDC
ZnBDC

The effect of Temperature. A mass of 0.025 g
of MOF was weighted and introduced into 25 ml of
the working solutions in different bottles. The mixture was placed in a shaker at a speed of 265 rpm for
120 minutes. Over the temperature range of 32-70o
C. The bottles were withdrawn from the shaker, the
solution separated from the adsorbents by centrifugation and the absorbance of the solution was measured. A graph of quantity adsorbed qe vs temperature
(t) was plotted [25]..

FIGURE 3
The effect of time on adsorbate using Zn-BDC
and CuBDC MOFs
The effect of pH was carried out over the range
of 2-12 pH, the adsorption of fluorene was favorable
over a wide pH range with both Cu-BDC and ZnBDC with Cu-BDC adsorbing best at the neutral pH,
Figure 4.

RESULTS AND DISCUSSION

CuBDC

Sorption results. All parameters were kept
constant at concentration of 100 ppm, pH of 7, temperature of 32 oC, 0.025 g of adsorbent and 180
minutes contact time unless otherwise stated. The effect of initial concentration was carried out over the
concentration range 0-100 ppm. As shown in Figure
2 the adsorption of fluorene by ZnBDC was observed to increase steadily and rapidly with increase
in the concentration of fluorene until a fairly constant
adsorption with further increase in the concentration
of fluorene was reached. Also, the sorption of fluorene with CuBDC increased slightly with increase in
concentration until an optimum was reached. The adsorption of fluorene proved more favorable with ZnBDC with 42% adsorption obtained at 80 ppm. CuBDC MOFs showed maximum sorption capacity of
36% removal at 100 ppm.

ZnBDC

FIGURE 4
The effect of varying pH on adsorbate using ZnBDC and Cu BDC
In Figure 5 shown , the effect of adsorbent dose
was carried out over dose range of 0.01 – 0.05 g in
which the sorption capacity of Zn-BDC was fairly
constant over this range. The sorption capacity of
Cu-BDC was observed to decrease as the adsorbent
dose was increased. However, maximum sorption
was obtained at 0.01g.
The effect of temperature was carried out over
the temperature range of 30-80 oC. The two MOF
materials demonstrated a great stability throughout
this temperature range, Figure 6. No structural collapse was observed.

CuBDC
ZnBCD

FIGURE 2
The effect of initial concentration on adsorbate
using Zn-BDC and CuBDC MOFs
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the adsorbate (KL) was obtained to be 0.1038 and
0.0985 for Zinc and copper MOFs sorption process
respectively. The sorption process was also subjected to Freundlich and Temkin adsorption isotherms, the regression coefficient values (R2) were
shown in Table 1. The adsorption data obtained from
this study was best fitted into the Langmuir adsorption isotherm. This is indicative of the fact that the
adsorption process is more of monolayer sorption
than heterogeneous energy distribution.

ZnBDC
CuBDC

Kinetic Model. The adsorption process was
carried out at different contact time to determine the
amount of fluorene adsorbed by the Cu-BDC and
Zn-BDC MOFs. The data obtained was subjected to
the pseudo first order and pseudo second order kinetic models (Table 2). The adsorption data were
tested with the pseudo first order kinetic model
which is represented by the equation: log[qe-qt] =
log[qe]- [k1/2.303]t. A plot log (qe-qt) against time
was done and the value of the first order kinetic constant (k1) was calculated by: K1 = - slope/2.303.
Also, the adsorption data were tested with the pseudo
second order kinetic model which is represented by
the equation: t/qt = 1/k2qe2 + [1/qe]t. A plot t/qt
against time was done and the values of the second
order kinetic constant (k2) was calculated.
The regression coefficient values (R2) show
that applicability of the kinetic models to the adsorption process. The values obtained shows that the
pseudo second order kinetic model is suitable for the
sorption of fluorene by Zn-BDC and Cu-BDC

FIGURE 5
The effect of adsorbent dosage on the removal of
fluorene from solution using ZnBDC and
CuBDC MOFs

CuBDC
ZnBDC

FIGURE 6
The effect of varying temperature on adsorbate
using Zn-BDC and Cu BDC MOFs
Adsorption isotherms. The data obtained
from the adsorption process for fluorene with ZnBDC and Cu-BDC MOFs over the concentration
range of 10 – 100 ppm has been correlated with the
Langmuir, Temkin and Freundlich isotherms. For
Langmuir, a graph of Ce/qe versus Ce was plotted
and a linear plot was obtained. The data obtained and
parameters was tested: the Langmuir constant related to monolayer adsorption capacity (qmax) was
obtained to be 45.242 and 51.145 for Zinc and copper MOFs sorption process respectively, the Langmuir constant related to affinity of adsorbent towards

Thermodynamics Studies. The adsorption
process was carried out at different temperatures to
ascertain the temperature effect on the amount of fluorene adsorbed by Cu-BDC and Zn-BDC MOFs.
(Table 3) The values of 'H, 'S and 'G was calculated as follows:

TABLE 1
Comparison of the R2 values obtained for the adsorption process.
Parameters
Fluorene
MOFs
Zn-BDC
Cu-BDC
Langmuir
0.9892
0.9883
Freundlich
0.9326
0.9717
Temkin
0.8969
0.8925
TABLE 2
The pseudo second order kinetic model parameters and the value obtained
for the sorption of fluorine by Zn-BDC and Cu-BDC.
Parameters
Fluorene
MOFs
Zn-BDC
Cu-BDC
R2
0.9956
0.9973
qe(exp)
37.57
37.71
36.50
37.17
qe(calc)
K2
0.311
0.338
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Where: R= Gas constant, 'S= Entropy, 'H=
Enthalpy and T= Temprature

The values of 'H and 's was calculated as follows :( Equation 3)
1 'ܵ
െ 'ܪ
× +
ln = ܭ
ܴ
ܶ ܴ
െ 'ܪ
Slope =
ܴ
െ'ܵ
Intercept =
ܴ
' ࡳ = ' ࡴ െ ࢀ'S

Re-usability test. The two MOFs used for this
study have excellent recovery and re-usability capacity in most cases. The Table 4 confirmed that
both Zn-BDC and Cu-BDC proved great stability for
batch adsorption. The general structure of the two
MOFS is shown in Figures 7 a, b.

TABLE 3
Thermodynamic parameters for the sorption of Fluorene
Temperature
(K)

Fluorene
Zn-BDC
'G(Kj/mol)
-0.0109
-0.0111
-0.0115
-0.0119

305
313
323
333

Cu-BDC

'H(Kj/mol)
+0.0003325

'S(Kj/mol)
+0.03575

'G(Kj/mol)
-3.348
-3.345
-3.568
-3.690

'H(Kj/mol)
+378.054

'S(Kj/mol)
+12.2166

TABLE 4
Reusability of MOFs for batch adsorption processes.
Parameters
Flourene
MOFs
Zn-BDC
Cu-BDC
1
31.12%
35.84%
2
30.98%
20.14%
3
30.45%
18.11%
O
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FIGURE 7A
Structure of Zinc Benzene 1,4-Dicarboxylic acid (Zn BDC)
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FIGURE 7B
Structure of Copper Benzene 1,4-Dicarboxylic acid (Cu BDC)
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CONCLUSION
Zinc and Copper based Benzene-1,4-carboxylic acid (MOFs) were synthesized in this study and
applied for flourene sorption. The sorption process
was found to be favorable with both Zn-BDC and
Cu-BDC MOFs. This is in agreement with the work
reported by Moqing (2011 [26]). The data were investigated by the Langmuir, Freundlich and Temkin
adsorption isotherms which they fitted into well with
regards to the correlation values (R2) obtained, with
the best being the Langmuir isotherm in comparison
with others. The adsorption kinetics follows the
pseudo second order kinetics model with reference
to the correlation data obtained. Figure 7a and 7b
shows the Structure of Zinc and Copper based Benzene-1,4-carboxylic acid (MOFs).
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7KHDLPRIWKLVVWXG\ZDVWRGHWHUPLQHWKHHI
IHFW RIGLIIHUHQW VXEVWUDWHV SHUOLWHSXPLFH ]HROLWH 
RQ FXOWLYDWLRQ DQG PLQHUDO QXWULWLRQ RI VSLQDFK LQ
VRLOOHVV DJULFXOWXUH )RU WKLV SXUSRVH VSLQDFK Spinacia oleracea/ ZDVJURZQLQGLIIHUHQWVXEVWUDWHV
DQG PL[WXUH XQGHU VRLOOHVV DJULFXOWXUH FRQGLWLRQV
7KH UHVHDUFK ZDV ODLG RXW DW WKH UDQGRPL]HG FRP
SOHWH EORFNV ZLWK IRXU UHSOLFDWLRQV  GLIIHUHQW
JURZLQJPHGLDZHUHSUHSDUHGWRSHUOLWHSXPLFHDQG
]HROLWHDQGPLQHUDOQXWULHQWFRQWHQWVKDYHEHHQH[
DPLQHG WRJHWKHU ZLWK VRPH JURZWK SDUDPHWHUV LQ
VSLQDFK :KLOH WKHVH VXEVWUDWHV FDQ EH XVHG DORQH
PL[WXUHV RI WKH VXEVWUDWHV VXFK DV SHUOLWH SH  DQG
SXPLFH SX SHUOLWH SH DQG]HROLWH ]H SXPLFH SX 
DQG ]HROLWH ]H  SHUOLWH SH SXPLFH SX ]HROLWH ]H 
DUHDOVREHXVHGLQH[SHULPHQW5HVXOWVVKRZHGWKDW
WKHEHVWUHVXOWVDUHREWDLQHGIURP]HROLWHSXPLFH
PL[WXUHV EDVHG RQ \LHOG DQG TXDOLW\ FULWHULD 7KH
\LHOGDQGTXDOLW\FULWHULDRIVSLQDFKSODQWVJURZQLQ
 ]HSX  DQG  ]HSX  DSSOLFDWLRQV ZHUH
IRXQGWREHPRUHHIIHFWLYHWKDQRWKHUDSSOLFDWLRQV,Q
QXWULHQW FRQWHQW RI VSLQDFK SODQWV  ]HSX 
]HSX DQG SH]HSX PL[WXUHVSUR
YLGHGEHWWHUUHVXOWV3HUOLWHSXPLFHDQG]HROLWHDUH
DSSURSULDWH VXEVWUDWHV IRU VRLOOHVV DJULFXOWXUH ZLWK
VXLWDEOHSURSHUWLHVDYDLODELOLW\DQGORZFRVW



JURZQ YHJHWDEOHV >@ 7KHUH DUH GLIIHUHQW W\SHV RI
VRLOOHVVDJULFXOWXUH6XEVWUDWHV LQHUWDQGEXIIHULQJ 
DQGQRVXEVWUDWHV 1)7 >@6XEVWUDWHVXVHGLQVRLO
OHVV FXOWLYDWLRQ VKRXOG KDYH RSWLPXP DHUDWLRQ
GUDLQDJH YROXPH ZHLJKW PRLVWXUH FKDUDFWHULVWLFV
S+ DQG (&YDOXHV FDWLRQ H[FKDQJH FDSDFLW\ RSWL
PXP DQG EDODQFHG QXWULHQW VROXWLRQ SDUDPHWHUV
6XEVWUDWH FXOWXUH LV WKH PRVW SUHIHUUHG PHWKRG LQ
FRPPHUFLDOFXOWLYDWLRQLQODUJHDUHDVLQVRLOOHVVDJ
ULFXOWXUH 0DQ\ PDWHULDOV RI RUJDQLF LQRUJDQLF RU
V\QWKHWLFRULJLQFDQEHXVHGDVWKHVXEVWUDWH>@6XE
VWUDWHV VXFK DV FRFRSHDW URFNZRRO SRO\XUHWKDQH
PDWV SHUOLWH DQG SHDW DUH FRPPRQO\ XVHG DV VXE
VWUDWHV>@7KHVHOHFWLRQRIVXEVWUDWHLQVRLOOHVVDJUL
FXOWXUHGHSHQGVRQFURSSURGXFWLYLW\FRVWDQGORQJ
GXUDWLRQ>@+RZHYHUWKHVXSSO\DQGKLJKSULFHVRI
WKHVHVXEVWUDWHVKDYHUHYHDOHGWKHQHHGIRUDOWHUQD
WLYHPDWHULDOV3HUOLWH]HROLWHDQGSXPLFHDUHDEXQ
GDQWDQGFKHDSPDWHULDOV
&RQWUROOHGSURGXFWLRQFRQGLWLRQVLQVRLOOHVVDJ
ULFXOWXUHFDQSURYLGHPRUHSURGXFWLRQSHUXQLWDUHD
(VSHFLDOO\WKHSURGXFWLRQRIWKHOHDI\YHJHWDEOHVLQ
VRLOOHVVFRQGLWLRQVLVLPSRUWDQWLQWHUPVRISDUDPH
WHUVVXFKDVHIILFLHQF\RIYHJHWDEOHVIRRGVDIHW\DQG
HDVHRIFRQVXPHUXVH6SLQDFKLVLQWKHJURXSRIYHJ
HWDEOHV ZKRVH OHDYHV DUH FRQVXPHG DQG LW LV SUR
GXFHGLQVLJQLILFDQWTXDQWLWLHVLQWKH:RUOGDQG7XU
NH\6SLQDFKFDQEHJURZWKLQJUHHQKRXVHDQGRSHQ
ILHOG FXOWLYDWLRQ GHSHQGLQJ RQ WKH FOLPDWLF FRQGL
WLRQV RI WKH JURZLQJ SHULRG LV  GD\V ,W LV DQ
LPSRUWDQWYHJHWDEOHLQKXPDQQXWULWLRQZLWKLWVKLJK
YLWDPLQ DQG PLQHUDO FRQWHQW 7XUNH\ LQ 
WRQVRIVSLQDFKZHUHSURGXFHG>@7XUNH\
,WUDQNVIRXUWKLQWKHZRUOGLQVSLQDFKSURGXFWLRQDI
WHU&KLQD WRQ\HDU $PHULFD 
WRQ\HDU DQG-DSDQ WRQ\HDU >@7KHSUR
GXFWLRQRIVSLQDFKSODQWLQVRLOOHVVFRQGLWLRQVLVDOVR
LPSRUWDQWLQWHUPVRIWKHDPRXQWRIZDWHUFRQVXPHU
ZLOO XVH DFFRUGLQJ WR WKH VRLO FRQGLWLRQV GXULQJ
ZDVKLQJ7KLVVWXG\ZDVFDUULHGRXWWRGHWHUPLQHWKH
HIIHFWVRIGLIIHUHQWVXEVWUDWHVDQGPL[WXUHVRQWKHGH
YHORSPHQWDQGQXWULHQWFRQWHQWRIWKHVSLQDFKSODQW





.(<:25'6
3HUOLWHSXPLFH]HROLWHVRLOOHVVDJULFXOWXUHVSLQDFK



,1752'8&7,21

6RLOOHVVDJULFXOWXUHKDVVWDUWHGWREHFRPHZLGH
VSUHDGLQUHFHQW\HDUVDVDIRUPRISURGXFWLRQWKDW
SULRULWL]HV\LHOGDQGTXDOLW\LQSODQWSURGXFWLRQ$OO
LQSXWVDUHXQGHUFRQWURODQGWKHQHHGVRIWKHSODQWV
DUH SURYLGHG GLUHFWO\ LQ WKLV SURGXFWLRQ V\VWHP
7KHUHIRUHVRLOOHVVDJULFXOWXUHSURYLGHVFOHDQPDWH
ULDODWKDUYHVWDQGVDYLQJRQZDWHU7KHULVNVRISDU
DVLWHLQIHFWLRQVDQGGLVHDVHVSUHDGZLWKFURSDUHPLQ
LPL]HG LQ VKRUW JURZLQJ F\FOH RI WKH JUHHQKRXVH
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ZHUHPDGHWRHQVXUHWKHRSWLPXP(& G6P DQG
S+  7KHQXWULHQWVROXWLRQZDVUHJXODWHGDFFRUG
LQJWRWKHGUDLQDJHYROXPHDURXQGDQGVXU
SOXVVROXWLRQZDVUHPRYHGIURPWKHJUHHQKRXVHGXH
WRRSHQV\VWHP
$W WKH HQG RI WKH GD\ YHJHWDWLRQ SHULRG
VSLQDFKSODQWVZHUHKDUYHVWHGRQ-DQXDU\
SODQWKHLJKW FP QXPEHURIOHDYHVDQGZHWZHLJKW
ZHUH GHWHUPLQHG &KORURSK\OO >@ DQG YLWDPLQ &
>@ DQDO\]HV ZHUH SHUIRUPHG RQ IUHVK SODQW VDP
SOHV *HUDOGVRQ HW DO >@ DV UHSRUWHG E\ WKH SODQW
VDPSOHVZHUHULQVHGZLWKGLVWLOOHGZDWHUDIWHUZDVK
LQJZLWKWDSZDWHUDQGEORWWHGGU\ZLWKSDSHUWRZHOV
DQGZHUHGULHGLQDQDLUIRUFHGRYHQDW&WRFRQ
VWDQWZHLJKW>@&RQFHQWUDWLRQVRI.&D0J)H
=Q0QDQG&XLQWKHGLJHVWDWHVZHUHGHWHUPLQHGE\
XVLQJ LQGXFWLYHO\ FRXSOHG SODVPD ,&32(6  >@
3KRVSKRUXV ZDV PHDVXUHG E\ VSHFWURSKRWRPHWHU
>@DQG1ZDVGHWHUPLQHGE\DPRGLILHG.MHOGDKO
SURFHGXUH>@
(OHFWULFDOFRQGXFWLYLW\ (& S+DQG6$5 6R
GLXP $EVRUSWLRQ 5DWLR  YDOXHV FDOFLXP &D 
PDJQHVLXP 0J  VRGLXP 1D  SRWDVVLXP . 
DQGERURQ % DQDO\]HVRILUULJDWLRQZDWHUZHUHFDU
ULHGRXWLQDFFRUGDQFHZLWKWKHSULQFLSOHVVWDWHGLQ
WKHOLWHUDWXUH>@DQGJLYHQLQ7DEOH
$OOUHVHDUFKGDWDZHUHVXEMHFWHGWRDQDO\VLVRI
YDULDQFH DQG VLJQLILFDQW YDOXHV S  ZHUH GH
WHFWHGIRUWKHWUHDWPHQWV'XQFDQ¶V0XOWLSOH5DQJH
7HVWZDVXVHGWRGHWHUPLQHWKHVLJQLILFDQFHRIGLI
IHUHQFHV EHWZHHQ WKH WUHDWPHQWV XVLQJ 6366 VRIW
ZDUH


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

7KH HIIHFWV RI GLIIHUHQW VXEVWUDWHV RQ VSLQDFK
SODQW\LHOGSODQWKHLJKWDQGQXPEHURIOHDYHVLQVRLO
OHVVDJULFXOWXUHZHUHIRXQGWREHVWDWLVWLFDOO\VLJQLI
LFDQW S 'HSHQGLQJRQWKHGLIIHUHQWDSSOLFD
WLRQUDWHVRISHUOLWH]HROLWHDQGSXPLFHWKHKLJKHVW
SODQW\LHOGZDVREWDLQHGIURPWKHWK ]S VXE
VWUDWH ZKLOH WKH ORZHVW SODQW \LHOG ZDV REWDLQHG
IURPWKHVWVXEVWUDWH 3HUOLWH  7DEOH :HEHUHW
DO>@VWDWHGWKDWPL[LQJ]HROLWHZLWKRWKHUPHGLDLQ
FHUWDLQSURSRUWLRQVUDWKHUWKDQXVLQJLWDORQHVLJQLIL
FDQWO\LQFUHDVHVWKH\LHOGRIFDUQDWLRQ'MHGLGLHWDO
>@UHSRUWHGWKDWWKHKLJKHVW\LHOGSHUIRUPDQFHRI
WRPDWRREWDLQHGE\WKHPL[WXUHRISHUOLWHDQG]HROLWH
ZLWKUDWLR6WXGLHVKDYHUHSRUWHGWKDWPL[LQJ]H
ROLWH ZLWK RWKHU PHGLD LQFUHDVHV WKH \LHOG RI PDQ\
SODQWV >  @  7XUKDQ >@ UHSRUWHG WKDW WKH
EHVWUHVXOWZDVREWDLQHGIURPSXPLFHLQWKH

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

$ JUHHQKRXVH H[SHULPHQW RQ VRLOOHVV DJULFXO
WXUH ZDV FRQGXFWHG DW $NGHQL] 8QLYHUVLW\ ,Q WKH
VWXG\ WKH HIIHFWV RI  GLIIHUHQW VXEVWUDWHV 3HUOLWH
3XPLFHDQG=HROLWH LQGLIIHUHQWPL[WXUHVLQVSLQ
DFK FXOWLYDWLRQ LQ VRLOOHVV DJULFXOWXUH ZHUH LQYHVWL
JDWHG7KHH[SHULPHQWZDVODLGRXWDWWKHUDQGRP
L]HG FRPSOHWH EORFNV ZLWK IRXU UHSOLFDWLRQV 7DEOH
 
7$%/(
7KHPL[WXUHUDWLRRIVXEVWUDWHV
LQXVHGH[SHULPHQW YY 
6XEVWUDWH

6$5

3XPLFH
3X 













6XEVWUDWHVXVHGLQWKHUHVHDUFKZHUHSUHIHUUHGIURP
WKHSURGXFWVXVHGFRPPHUFLDOO\LQDJULFXOWXUH3DUWL
FOHVL]HVRI]HROLWHVXVHGLQWKHH[SHULPHQWYDULHGEH
WZHHQDQGPPDJULFXOWXUDOSHUOLWHKDVDSDU
WLFOHVL]HRIPPDQGSXPLFHZLWK±PPSDUWL
FOHVL]HZDVSURYLGHGIURP,VSDUWD7XUNH\6SLQDFK
FXOWLYDWLRQZDVFDUULHGRXWLQSODVWLFSRWV OW LQ
JUHHQKRXVHFRQGLWLRQVEHWZHHQ1RYHPEHU
DQG-DQXDU\DQGYHJHWDWLRQSHULRGODVWHG
GD\V0DWDGRU)YDULHW\VXLWDEOHIRUVSLQDFKFXOWL
YDWLRQZDVXVHGLQWKHVWXG\0DWDGRUYDULHW\LVPH
GLXPHDUO\ GD\V VXLWDEOHIRU$QWDO\DFRQGL
WLRQVDQGFXOWLYDWLRQLQVRLOOHVVDJULFXOWXUH>@
7KH QXWULHQW VROXWLRQZDVXVHG WRSURYLGH WKH
SODQW QXWULHQWV QHHGHG GXULQJ WKH YHJHWDWLRQ RI WKH
JURZQVSLQDFKDQGWKHFKHPLFDOFRQWHQWRIQXWULHQW
VROXWLRQ ZDV IROORZV PJ O  1  3 
.&D0J6)H&X
=Q0Q%0R>@'XULQJWKHIHU
WLOL]DWLRQ SKDVH WZR GLIIHUHQW IHUWLOL]HU WDQNV ZHUH
XVHGLQRUGHUWRSUHYHQWWKHFKHPLFDOIHUWLOL]HUVFRQ
WDLQLQJ FDOFLXP DQG SKRVSKRUXV IURP EHLQJ SODFHG
LQWKHVDPHIHUWLOL]HUWDQN OLWHU 'LVVROYHGIHU
WLOL]HUV LQ WKH WDQN ZHUH FDUULHG RXW SODQWV ZLWK DQ
DXWRPDWLRQ V\VWHP GULS LUULJDWLRQ  0HDVXUHPHQWV




E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
7KHHIIHFWVRIVXEVWUDWHVRQ\LHOGYDOXHVRIVSLQDFKSODQWVSODQWKHLJKWDQGQXPEHURIOHDYHV
<LHOG JSRW 

6XEVWUDWH

3ODQWKHLJKW FPSODQW 

1RRIOHDYHV


H
H
H

G
EFG
GH

FG
FG
DE

DEF
FG
DE

EFG
EF
EF

DEFG
D
EF

GH
G
GH

D
D
D

DEFG
E
DE

EFG
E
EF

DE
EF
FG
)YDOXH
 
 
 
9DOXHVDUHPHDQRIIRXUUHSOLFDWHV n  9DOXHVLQDURZIROORZHGE\GLIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHV S
 EHWZHHQWUHDWPHQWVDFFRUGLQJWRD'XQFDQ¶VPXOWLSOHUDQJHWHVWV$129$VKRZVVLJQLILFDQWGLIIHUHQFHDW
p


7$%/(
(IIHFWVRIVXEVWUDWHVRQVSLQDFKSODQWVRQYLWDPLQ&FKORURSK\OODDQGFKORURSK\OOEYDOXHV
6XEVWUDWH

PJPO

PJPO 







9LWDPLQ&
H
H
GH
FGH

&KORURSK\OOD
DE
DE
DEF
DEF

&KORURSK\OOE













EFGH
DEFG
D
DE
DEF
D
D

DE
DEF
D
DE
DEF
EF
F









 
QV
)YDOXH
 
9DOXHVDUHPHDQRIIRXUUHSOLFDWHV n  9DOXHVLQDURZIROORZHGE\GLIIHUHQWOHWWHUVLQGLFDWHVLJQLILFDQWGLIIHUHQFHV S
 EHWZHHQWUHDWPHQWVDFFRUGLQJWRD'XQFDQ¶VPXOWLSOHUDQJHWHVWV$129$VKRZVVLJQLILFDQWGLIIHUHQFHDW p
pQVQRWVLJQLILFDQW


HIIHFW RI VXEVWUDWHV RQ \LHOG LQ VRLOOHVV DJULFXOWXUDO
OHWWXFHFXOWLYDWLRQ
,Q WKH VSLQDFK SODQW JURZQ LQ GLIIHUHQW VXE
VWUDWHV WKH KLJKHVW SODQW KHLJKW ZDV REWDLQHG IURP
WKHWK ]SX DQGWKHWKVXEVWUDWH ]SX 
ZKLOHWKHORZHVWSODQWKHLJKWZDVREWDLQHGIURPWKH
VWVXEVWUDWH SHUOLWH 7DEOH =HROLWHLQFUHDVHGWKH
KHLJKWRIWKHSODQWV.D]D]HWDO>@VWDWHGWKDWWKH
PL[WXUH RI ]HROLWH ZLWK GLIIHUHQW VXEVWUDWHV VLJQLIL
FDQWO\LQFUHDVHGERG\KHLJKWDQGGLDPHWHULQFDUQD
WLRQ 7KH KLJKHVW QXPEHU RI OHDYHV ZHUH REWDLQHG
IURP WKH WK VXEVWUDWH  ]SX  LQ WKH VSLQDFK
SODQW ZKLOH WKH ORZHVW QXPEHU RI OHDYHV ZHUH RE
WDLQHGIURPWKHVWVXEVWUDWH 7DEOH *OHWDO>@
UHSRUWHGWKDW]HROLWHDGGHGWRWKHJURZLQJPHGLDLQ
VRLOOHVVFXOWLYDWLRQFDXVHGDQLQFUHDVHLQWKHQXPEHU
RIOHDYHVIRUPLQJWKHKHDGRIOHWWXFH
7KHHIIHFWVRIGLIIHUHQWVXEVWUDWHVRQWKHYLWD
PLQ&DQGFKORURSK\OODYDOXHVRIWKHVSLQDFKSODQW
ZHUH IRXQG VWDWLVWLFDOO\ VLJQLILFDQW 7DEOH   7KH

KLJKHVWYLWDPLQ&YDOXHVLQVSLQDFKSODQWVZHUHRE
WDLQHGIURPWKVXEVWUDWH SH] WKVXEVWUDWH
SH]SX DQGWKVXEVWUDWH SH]SX
 WKH ORZHVW YLWDPLQ & YDOXHV ZHUH REWDLQHG IURP
VW 3HUOLWH DQGQGVXEVWUDWH SXPLFH ,WKDVEHHQ
UHSRUWHGWKDWPRVWYHJHWDEOHV URFNHWVSLQDFKHWF 
DUHDULFKVRXUFHRIYLWDPLQ&>@9LWDPLQ& DVFRU
ELFDFLG ZKLFKKDVDYHU\LPSRUWDQWUROHLQKXPDQ
QXWULWLRQYDULHVEHWZHHQDQGPJJIUHVK
ZHLJKWLQWKHVHYHJHWDEOHV>@6DLQL .XQGDO>@
UHSRUWHGWKDWYLWDPLQ&FRQWHQWLQVSLQDFKLVLQWKH
UDQJHRIPJPO(úL\RNHWDO>@
UHSRUWHGWKDWWKHYLWDPLQ&FRQWHQWRISODQWVYDULHV
DFFRUGLQJWRJURZLQJSHULRGDQGFRQGLWLRQV,QVSLQ
DFKSODQWVWKHKLJKHVWFKORURSK\OODYDOXHVZHUHRE
WDLQHG IURP WKH WK VXEVWUDWH  SH]  ZKLOH WKH
ORZHVW YDOXH ZDV REWDLQHG IURP WKH WK VXEVWUDWH
 SH]SX  $OWKRXJK WKH HIIHFWV RI WKH VXE
VWUDWHVRQWKHFKORURSK\OOFRQWHQWRIWKHSODQWVGLI
IHUHG WKH LQFOXVLRQ RI SXPLFH LQ WKH PL[WXUHV RI
SH]SXFDXVHGDGHFUHDVHLQFKORURSK\OOYDOXHV
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7KHHIIHFWVRIVXEVWUDWHVRQWKH13DQG.FRQ
WHQWV RI VSLQDFK SODQWV LQ VRLOOHVV DJULFXOWXUH ZHUH
IRXQGVWDWLVWLFDOO\VLJQLILFDQW 7DEOH 7KHKLJKHVW
YDOXHVLQWKH1FRQWHQWRIVSLQDFKSODQWVZHUHRE
WDLQHGIURPWKHWK ]SX DQGWKVXEVWUDWH 
]SX ZKLOHWKHORZHVW1YDOXHZDVREWDLQHGIURP
WKH WK VXEVWUDWH  ]SX  7KH KLJKHVW YDOXHV LQ
WKH SKRVSKRUXV FRQWHQW RI VSLQDFK SODQWV DUH RE
WDLQHG IURP WKH VW 3HUOLWH    ]SX DQGWK
VXEVWUDWH ]SX ZKLOHWKHORZHVWYDOXHLVIURP
WKHWKVXEVWUDWH SH]SX ZDVREWDLQHG,Q
SRWDVVLXPFRQWHQWVWKHKLJKHVWYDOXHZDVREWDLQHG
IURP WKH WK VXEVWUDWH  SH]SX  ZKLOH WKH
ORZHVW YDOXH ZDV REWDLQHG IURP WKH VW VXEVWUDWH
3HUOLWH  ,W KDV EHHQ GHWHUPLQHG WKDW WKH QXWULHQW
FRQWHQWRIVSLQDFKSODQWVLVDWWKHOHYHORIVXIILFLHQF\
ZLWKWKHHIIHFWRIIHUWLOL]DWLRQDQGVXEVWUDWHVDQGWKH
QXWULWLRQDO DELOLW\ RI WKH VXEVWUDWHV KDV EHHQ GHWHU
PLQHGWREHLPSRUWDQW=HROLWH&OLQRSWLOROLWHKDVDQ
LPSRUWDQWUROHLQLQFUHDVLQJQLWURJHQFRQWHQWLQSODQW
WLVVXHV DQG KDV D SURQRXQFHG VHOHFWLYLW\ IRU VRPH
FDWLRQV VXFK DV 1+ DQG .  >@
7KH HIIHFWVRIVXEVWUDWHVRQ WKHQXWULHQW FRQWHQWRI
SODQWV FDQ YDU\ GXH WR WKHLU SK\VLFDO DQG FKHPLFDO
FKDUDFWHULVWLFRIVXEVWUDWHV>@
7KH HIIHFWV RI GLIIHUHQW VXEVWUDWHV RQ VSLQDFK
SODQWV PLFURHOHPHQW FRQWHQWV ZHUH HYDOXDWHG RQO\
=Q FRQWHQWV ZHUH IRXQG VWDWLVWLFDOO\ VLJQLIL
FDQW S  QR VLJQLILFDQW GLIIHUHQFHV EHWZHHQ
WKHVXEVWUDWHVLQUHVSHFWWR)H0QDQG&XFRQWHQWV
RWKHUPLFURHOHPHQWVZHUHQRWVLJQLILFDQW 7DEOH 
,Q WKH VSLQDFK SODQWV WKH WK  SH]  DQG WK
VXEVWUDWH  SH]SX  SURYLGH WKH KLJKHVW =Q
FRQWHQWZKLOHWKHORZHVW=QYDOXHLVREWDLQHGIURP
WKHQGVXEVWUDWH SXPLFH 5RXSKDHOHWDO>@UH
SRUWHG WKDW WKH KLJKHVW =Q YDOXHV LQ ]XFFKLQL SODQW
OHDYHV ZHUH REWDLQHG IURP SXPLFH DIWHU SHUOLWH LQ
VRLOOHVVDJULFXOWXUH7KHRQO\=QYDOXHVZHUHVWDWLV
WLFDOO\VLJQLILFDQWLQWKHHIIHFWVRIVXEVWUDWHVRQWKH

PLFURHOHPHQWFRQWHQWVRIWKHOHDYHVDQGWKHPLFUR
HOHPHQWFRQWHQWVRIWKHOHDYHVZHUHIRXQGWREHVXI
ILFLHQW FRPSDUHG WR WKH OLPLW YDOXHV GHWHUPLQHGE\
-RQHV>@
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,QWKLVVWXG\WKHHIIHFWVRIGLIIHUHQWVXEVWUDWHV
RQ \LHOG JURZWK DQG PLQHUDO QXWULHQW FRQWHQW RI
VSLQDFK ZHUH LQYHVWLJDWHG &RQVLGHULQJ WKH HFR
QRPLF HIIHFWV RI VXEVWUDWHV LQ SURGXFWLRQ FRVWV LQ
VRLOOHVVFXOWXUHORFDOUHVRXUFHVDQGPDWHULDOSRWHQ
WLDOV DUH RI JUHDW LPSRUWDQFH )RU WKLV SXUSRVH WKH
HIIHFWVRIORZFRVWVXEVWUDWHVRQ\LHOGDQGJURZWKSD
UDPHWHUVVHHPWREHLPSRUWDQWLQWKHUHVHDUFK$OW
KRXJKWKUHHGLIIHUHQWPHGLDDUHXVHGLQWKHUHVHDUFK
LW LV FOHDUO\ VHHQ WKDW WKH EHVW UHVXOWV DUH REWDLQHG
IURP]HROLWHSXPLFHPL[WXUHVEDVHGRQ\LHOGDQG
JURZWKSDUDPHWHUV(VSHFLDOO\WKH\LHOGDQGJURZWK
SDUDPHWHUVRIVSLQDFKSODQWVJURZQLQ ]HSX 
DQG ]HSX DSSOLFDWLRQVDQGQXWULHQWFRQWHQWRI
VSLQDFK SODQWV  ]HSX   ]HSX  DQG
 SH]HSX  DSSOLFDWLRQV ZHUH IRXQG WR EH
PRUH HIIHFWLYH WKDQ RWKHU VXEVWUDWH PL[WXUHV ,W
VHHPV SRVVLEOH WKDW WKH VXEVWUDWHV XVHG LQ WKH UH
VHDUFKGRQRWFRQWDLQKDUPIXOFRPSRQHQWVDVZDVWH
DIWHUXVHDQGWKH\DUHSUHIHUUHGEHFDXVHRIWKHLUSRV
LWLYH FRQWULEXWLRQ WR VRPH SK\VLFDO DQG FKHPLFDO
SURSHUWLHVRIWKHVRLOVE\DSSO\LQJWRWKHVRLO(VSH
FLDOO\WKHSRVLWLYHHIIHFWVRIKLJKFDWLRQH[FKDQJHFD
SDFLW\RI]HROLWHLQVRLOOHVVDJULFXOWXUHLQSODQWQXWUL
WLRQHQFRXUDJHWKHXVHRIWKHVXEVWUDWHLQWKHPL[WXUH
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APPLICATION OF THE GROUND LASER AND
GEOLOGICAL RADAR INTEGRATED TECHNOLOGY IN
GEOLOGICAL MONITORING
Min Fang*, Fang He, Hongyan Wang
Sichuan University of Science & Engineering, Zigong, Sichuan 643000, P.R. China

of human production and living activities, the basic
underground structure is more complicated [1]. The
geological changes always occur on the surface or
hidden underground. The traditional geological
investigation methods are limited by the field and
geological condition factors, the measurement
method on microtopography and shallow geometry
of active fault is badly insufficient [2]. To obtain
the topographic and geological information of
shallow structures, the emergence of TLS and GPR
technologies provides a new technical means for
detecting micro-topography and shallow structures
[3]. In non-contact measurement, the 3D laser of
the earth can quickly obtain geometric shapes or 3D
structures other than the measured object, which
has been widely used in the field of earth science
[4-6]. Geological radar is a geological analysis
technology, which can detect the physical or
quantitative internal or shallow surface of objects
according to the time frequency and amplitude
characteristics of electromagnetic waves. The
combination of ground 3D laser technology and
geological radar technology has obvious advantages
[7]. All the advantages and versatility of spatial
data brought by this kind of technical advantage
also promote the mutual interpretation of the two
data types. Therefore, in recent years, the method of
combining 3D laser and geological radar
technology has been widely used in archaeology
and cultural relics protection, road construction and
survey, glacier discovery and other fields [8,9].
The general application of 3D laser and
georadar in active faults began with the detection of
the topography of Denali fault and the semi-seismic
erosion of shallow underground structures [10].
This study initially proved the possibility of the
comprehensive application of two effective fault
detection techniques. The laser point cloud and
GPR images reproduce the geological change
model, and realize the superposition of its external
structure and internal structure in the geological
model. Bubek et al. [11] used ground-based lasers
to obtain spatial data to obtain geo-correction of
geo-radar images, then determined the location and
events of the fault plan according to the geo-radar
diagnostic results, and then calculated the precise
vertical displacement. Schneiderwind et al. [12]
proposed a method for automatic identification of

ABSTRACT
With the deterioration of world environment
and the aggravation of human activities, the
accurate geological observation technology has
become an important tool for monitoring and early
warning of geological disasters. It is crucial to reveal the surface traces and activity of active faults
by obtaining high-precision microtopography and
three-dimensional shallow geometry. However,
limited by the traditional geological investigation
methods in the field and geological condition factors, the measurement method on microtopography
and shallow geometry of active fault is badly insufficient. In this paper, the ground laser scanner and
geological
radar
technology
were
used
comprehensively, and the active fault microtopography in the Aba area of Sichuan Province, China
was taken as the research object to obtain the
accurate vertical surface displacement and the twodimensional geological radar image of the latest
terrain error phase at the location. On the basis of
ground laser and ground penetrating radar, a fine
three-dimensional measurement method for active
fault micro-landform was proposed, and a fine
three-dimensional model and image of fault
landform were constructed. The results showed that
this method can quickly and efficiently capture
multi-stage,
multi-visual
spatial
data
of
microtopography and the structure of large-scale
active faults, thereby significantly improving the
microtopography and structural layers of active
faults. Therefore, to continuously explore and
improve this method will significantly enhance and
expand the practicability and application prospects
of the method in the quantitative and elaborate
studies of active faults.
KEYWORDS:
Environment, geological disaster, ground laser, ground
radar, fault, spatial distribution

INTRODUCTION
Due to the influence of natural forces such as
sedimentation and weathering, as well as the impact
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stratigraphic units based on LiDAR Earth and
geological radar technology, and reconstructed the
unit in 3D. Cowie et al. [13] used the LiDAR and
geological radar technology to limit its obvious
defects. Using 3D ground lasers can quickly obtain
geographic data of non-contact measurement
terrain, and understand high-precision 3D
geographic terrain reconstruction under complex
geographic conditions. However, according to the
electrical power of the underground medium, the
geological radar can quickly, effectively and nondestructively obtain shallow underground structures
with geological changes [14-17]. Therefore, the
wide application of 3D radio and georadar
technology in shallow surface traces and functional
fault structures can not only combine these two
technologies, but also provide various spatial data
for scratch research. More information about
geological structures can be obtained to enrich
structural defects.
Based on previous research, this paper combined the ground laser scanner and the geological
radar technology, taking the active fault microtopography in the Aba area of Sichuan Province,
China as an example, to carry out the workflow of
underground structure monitoring. In which, the
high-precision geological data and 3D geological
structure models in the area were obtained. The
integration of 3D data was released, and the mutual
interpretation of the two types of data was
analyzed.

boundary were converted into a geodetic coordinate
system, and provide accurate vertical distance
distance geographic data. Secondly, two types of
geological radar antennas with different frequencies
and differential GPS were selected to obtain twodimensional shallow parts of the ground at the same
time. After preliminary explanation, the high
frequency of the antenna was used to obtain the
three-dimensional structure of the underground
destruction. Then, using the point cloud obtained
from the Earth 3D laser scanner as a reference, the
georadar image was converted into a point cloud to
merge the both. In order to understand the
integrated consolidated publication of microtopography and matrix data, and explain each other.
The main detection equipment and principle are
shown in Figure 1.

MATERIALS AND METHODS
FIGURE 1
The main detection equipment and
principle

Methods. The FARO Focus3D X 330 ground
three-dimensional laser scanner based on the principle of phase measurement was used to obtain the
micro-topography of the fault cliff [18]. Its scanning accuracy can reach mm level, and it is easy to
operate, small in size and light in weight. After
selecting the best scanning path and arranging the
scanning site according to the scanning area and
terrain conditions, the ground laser scanner was
used to collect. The RAMAC series of geological
radar systems of Swedish MALA company was
adopted, and the shielded antennas with center
frequencies of 250MHz and 500MHz were selected
to detect the underground structure perpendicular to
the fault trend. The two different frequency antennas are all triggered by the high-precision ranging
wheel to trigger the control unit of the host computer of the geological radar for data collection.

RESULTS AND DISCUSSION
Technical Analysis of Ground Laser and
Geological Radar. The radar measurement technology is based on the following process. The sensor emits a laser beam, then propagates it into the
air, propagates to the floor or surface of the object,
and then reflects on the surface. The reflected energy is received by the sensor and recorded as an
electrical signal. If the sending and receiving times
are accurately recorded, we can calculate the distance R from the laser to the floor or surface of the
object [21]. The transmission and reception of the
light beam can be on the same optical path, or the
transmitter and receiver can be independent. Modern science usually designs the sending and receiving paths as the same path. If such a device is integrated with a GPS receiver and an IMU inertial
navigation system, and it is combined with certain
Electronic devices are installed together at the airport, and the laser will oscillate or rotate the ring at

Detection principle. The active fault microgeomorphology is located in the Aba area, Sichuan
Province of China [19,20]. In this study, a threedimensional ground laser scanner was used to
obtain a cloud point cloud with an incorrect
thumbnail. The point cloud and the ground control
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a certain angle, where a certain scanning width can
be formed where the aircraft flies. Such a system is
called an air radar system. The data obtained is
point cloud or waveform data, which represents the
three-dimensional coordinates of the ground point.
The GPS and IMU data must be combined to solve
the measured distance obtained by the formula as
the three-dimensional coordinates of the ground
point. In addition to the airport platform, the platform can also be a satellite, a car, or a fixed ground,
respectively called a vehicle and a ground cover.
Since the satellite's orbit is generally in a space of
more than 400 kilometers, the laser energy is relatively large, and at a long distance, the diameter of
the spot formed by the radiation beam after reaching the ground is relatively large. For example, the
spot diameter of ICASet is between 60 and 70 m,
the dispersed spot with a relative order height of
about 1000 m has a diameter of about 20 cm, and
there are no special changes in size.
Lidar technology is a complex, high-precision
automatic measurement technology that has acquired geographic multidimensional 3D data in
recent years [22-24]. Compared with drone technology, it has led to major changes in the development of surveying and mapping technology, and the
measurement data collection and processing has
entered a new stage of development. Unlike other
technologies, the UAV-based member scanning
technology adds site scanning for overall scanning,
and quickly scans complex and irregularly grounded surfaces. The large non-contact area can obtain
high-level surface cloud data, high spatial resolution and uniform measurement accuracy. The processing software can quickly reconstruct points,
lines, areas and 3D models on the surface, such as
geometric data, you can understand in-depth Attributes and overall query changes.

Fusion analysis of high-precision space
monitoring technology. With the rapid development of various aviation technologies, the integration of various technologies has received extensive
attention and practice in the identification and monitoring of geology, especially the application and
management of laser and radar. Using differential
distribution, lidar and aerial photography techniques to detect and study large landslides in the
Northern California Basin, from 2017 to 2018, the
average landslide rates of 5 large landslides were
determined and obtained [25]. Lidar data is used to
track landslides induced by geographic landslides,
and a high-resolution DEM is extracted by combining aerial images and geographic maps to calculate
the landslide rate. Sponsored by the European
Space Agency (SLM), SLAM uses synthetic aperture radar differential interferometry (D-InSAR),
permanent body (PS-InSAR) and IPTA jamming
targets to obtain millimeter-level ground accuracy,
combined with conventional visual analysis and
geological analysis methods to develop landslides
and risk maps. Using PS-InSAR, CR-InSAR, LiDAR, real-time GNSS and advanced remote sensing technology, large-scale landslides and dangerous rock physical research and monitoring research
were carried out in southwest China, and field verification was successfully conducted. The literature
describes the results of the European Commission
Emergency Services Department (SAFER) using
radar and visual sensing for landslide monitoring,
and shows the results of landslide monitoring in
different geological environments as well as InSAR

FIGURE 2
A real-time high-precision geological and geological monitoring technology based
on Beidou/multi-source sensors
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image and object framing [26]. Using PS-InSAR
technology and LiDARDEM with different resolutions to study landslides in the province of Messina,
Italy, the analysis shows that high-precision DEM
accuracy is very useful for detecting landslides,
especially in waters. Based on the integration of
GPS, InSAR, UAV and other monitoring technologies, extensive ground-to-ground processing can be
performed to fully cover long-term and multi-space
geological monitoring.
The fusion process needs to verify the reliability of multi-sensor information, create a unified
local reference under multiple sensors, and finally
obtain multi-scale, all-weather, high-precision monitoring information about monitoring. Figure 2
shows a real-time high-precision geological and
geological monitoring technology based on Beidou/multi-source sensors.

Active fault geology and landform. The
overall geological structure is shown in Figure 3, in
which Figure 3a is the fault cliff and plume water
system of the faulted alluvial fan, and Figure 3b is
the fault triangle and fault fault alluvial fan at the
observation point. Figure 3c is a stepped cliff, graben, and barrier at the observation point, and Figure
3d is a panoramic view of the landform at the data
collection point. The cracked rock rising at the
detection point is constant, and the ground of the
whole area is flat, which is an ideal area for analysis experiments. In order to verify the combination
of 3D radiation laser and geological radar technology to detect typical effective faults on theAba area
of Sichuan Province, China, two methods were
used
to
obtain
high-precision
microgeomorphological data, and the characteristics of
the northern marginal area provided new data.

FIGURE 3
Offset geological features of Maoyaba Fault and location of the study area
TABLE 1
The acquisition parameters of the different GPR antennas
Frequency/MHz
500
250

Distance/m
0.18
0.31

Spacing/m
0.05
0.1

Samples/points
488
470
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Time/ns
80
200

Depth/m
3~4
7~10

Resolution/m
0.05
0.1
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occur are sometimes caused by the external environment. In order to ensure the accuracy of the
triangular grid structure and improve efficiency, it
is necessary to assemble a single point cloud before
building the grid structure. In the process of collecting GPR data, noise such as vibration signals, multiple scattered waves and electromagnetic waves
will eliminate useful information in the electromagnetic waves, thereby affecting their identification
and extraction.
In order to improve the signal-to-noise ratio of
the geological radar image, the radar image must be
processed before interpreting the data. This study
selected Reflexwi7.2 software for processing, the
specific process is shown in Figure 5. First, change
the data, including data merge, remove traces of
waste and line alignment. In order to prevent the
occurrence of DC offset and low-frequency signal
paths in the data, it is necessary to filter, correct the
wave with the initial time, process the radar image
to match the ground position, and enhance the visible depth of the geological radar signal required for
automatic processing. According to different antenna frequencies, the appropriate throughput frequency is selected through band-pass filtering to remove
data noise and improve image quality. The image
alignment is to eliminate the background noise of
the entire image and suppress the signal. If the
average propagation speed of electromagnetic
waves is known, the time-depth variation of the
georadar can be achieved. The GPS difference is
used to obtain elevation data on the GPR measurement line, and the beautified image is used to eliminate distortion on the radar image, thereby displaying the actual landscape on the radar image.

Data acquisition of 3D laser scanner and
ground radar. The FARO Focus3D X330 ground
3D laser scanner is based on the principle of phase
measurement to obtain fault rescue microorganisms,
as shown in Figure 4. Data collection mainly includes work path planning, scan page layout, spherical position, parameter scan settings and acquisition of geodetic coordinates. After selecting the best
scanning path and adjusting the scanning position
according to the scanning area and landscape conditions, a total of 28 local clouds were collected using
the scan, and the point clouds were recorded and
integrated through the goal between the sites in the
relative coordinate system. When performing a
faulty high-resolution 3D laser scan, the highresolution information in the scan area is simultaneously acquired from the high-resolution camera
embedded in the scanner. In order to facilitate analysis with other remote sensing data, three target
spheres were selected as control points. The highprecision GPS standardized synchronized observation methods were used to obtain the geographic
coordinates of each target sphere, and the point
cloud was converted into a geographic coordinate
system. Table 1 shows the acquisition parameters of
the different GPR antennas.
Data processing flow. The cloud processing
area mainly includes point clouds, coordinate
switching, filtering and shaping. The purpose of
cloud-level recording is to combine multiple cloud
system locations. Point cloud filtering is to eliminate the noise level generated during data collection.
These noise points are mainly from the laser. System errors within the scanner and the surface composition of the parts being tested. The errors that

FIGURE 4
Data acquisition of TLS and GPR

FIGURE 5
The data processing flow of geological radar
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Three-dimensional surface model. The overall color point cloud of the fault cliff is shown in
Figure 6a. Due to the characteristic of discontinuous display of point clouds, the topography of fault
cliffs is not intuitive and obvious, and quantitative
and semi-quantitative analysis cannot be directly
performed on point clouds. The three-dimensional
surface model after the triangular network can solve
this problem. The three-dimensional surface model
can take good account of the feature points and
lines on the landform, and characterize the subtle
terrain changes. This study used Geomagic Studio
software to resample the point cloud, and then established a high-resolution three-dimensional model
of the fault cliff by the method of irregular triangle
network.
From the contour map and the 3D surface map,
it can be clearly judged that the geomorphology at
the mouth of the area at the detection point is an
obvious stepped fault cliff. The low-groove area is
consistent with the results of the on-site geological
survey, which further quantitatively proves the
existence of latent cutting area in this area from the
morphological morphology. In order to obtain the
amount of vertical dislocation of the second-order
cliff, four cliff profiles are sequentially extracted on
the high-precision DEM perpendicular to the fault
strike. As shown in Figure 6b. Profiles 1 and 2 are
topographic profiles extracted at the T1 cliff, and
the slope surface changes significantly within a
horizontal distance of 12-22m. The vertical fracture
distances after fitting the 2 profiles are 1.15m and
1.13m, then the average vertical interval of section
2 1.14m is the vertical interval of T1 cliff. Profiles
3 and 4 are two-dimensional topographic profiles
extracted at the east and west ends of the T2 cliff,
respectively, and the slope changes significantly
within a horizontal distance of 20 to 50m. The vertical fracture distance after fitting the profile is 6.
1m and 5. 3m. Compared with the vertical fault
distance at the T1 cliff, the fitting result of the vertical fault distance at the profile 2 of the T2 cliff is
quite different. This is because the distribution
range of the T2 cliff is large, and the distribution of
the topography is uneven, resulting in faults at
different locations. The vertical break of the cliff is
different. In this paper, the average vertical break of
the two sections is 5.7m as the vertical break of the
T2 cliff. According to the high-precision threedimensional spatial data obtained by the ground
three-dimensional laser scanner, the vertical breaking distances of the T1 and T2 cliffs are 1.14m and
5.7m, respectively, by extracting the terrain profiles
at 4 different positions. The three-dimensional
surface model of the fault cliff established by the
ground three-dimensional laser scanner not only
provides fine basic data for studying and understanding the geomorphology and deformation evolution of the active fault, but also helps to further
quantitatively or semi-quantitatively analyze the

geometry and kinematics of the fault cliff and dynamic characteristics.

FIGURE 6
3-D modeling of fault scarp
The three-dimensional laser scanner can acquire three-dimensional surface spatial data of various faults by using non-contact high-speed pulse
measurement. The aggregated data is a single point
cloud with a topological relationship, and the GPR
image consists of continuous single channel waves.
A two-dimensional time format proportional to the
vertical direction. Considering the data collection
method and the local characteristics of the 3D laser
scanner and the earth geological radar, it is impossible to directly integrate two different data. This
study takes the ground 3D laser point cloud as a
reference. If the geological radar system and differential GPS are synchronized from the hardware, the
combined radar wave model is used to convert the
geological radar image and the laser point cloud to
the same geographic reference. These two types of
data merge with each other. First, the point cloud
and ground radar images collected in advance are
filtered and returned to the digest for preprocessing.
Use FAROSCENE6.2 data processing software to
record the processed point cloud and highresolution panorama to create a color point cloud,
and the control station converts all point clouds to
an absolute geographic reference coordinate system;
second, according to the time synchronization log,
the synchronization After collecting geological
radar and GPS, write software to understand the
exact correspondence between geological radar and
GPS coordinates, and then propose a geological
radar simulation method for special spatial modeling, which becomes a single point cloud. Finally,
the two types of data and coordinate models are
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merged into the same geo-referenced coordinate
system, and "attribute formation" combines the two
data formats to achieve integrated display.

CONCLUSIONS
In the process of geological monitoring, it is
crucial to reveal the surface traces and activity of
active faults by obtaining the high-precision microtopography and three-dimensional shallow geometry. In this paper, the ground laser scanner and
geological radar technology were combined to
analyze obtain the accurate vertical surface
displacement and the two-dimensional geological
radar image of the latest terrain error phase at the
location. The effectiveness and practicability of the
method were verified. The results showed that the
method can quickly and efficiently capture data of
microtopography and the structure of large-scale
active faults, thereby improving the microtopography and structural layers of active faults. But how
to apply the method to different geomorphology
and active faults with different properties needs a
lot of research works in future. In addition, the
faster development of genetics such as the internet
of things, big data, cloud computing and cloud
storage will revolutionize the geological monitoring
and early warning technology.

Preliminary fusion effect of point cloud and
geological radar images. The vertical displacements of two landforms are shown in Figure 7. The
surface corrosion and the position of the faulty
knife can be detected according to the design characteristics and elevation changes of the point cloud.
According to the geological changes of the cloud
bottom point, it can be concluded that this is the
area through which the activity destroyed. This
provides a reference for the interpretation of electromagnetic wave anomalies in the geological radar
profile at that location. The shape determines the
location and direction of the destruction. In Figure
7d, the location of the fault can be interpreted from
the 3D radar image of the earth. Its exact direction
minimizes the external environment, thereby changing the surface shape, restoring the original shape
of the terrain The hysteresis shape is restored. In the
surface and its direction, and limits the width of the
deformation area below the surface, geological
structure and destruction. The seamless integration
between 3D laser point cloud ground and geological radar data provides integrated screenshots of
active failure stimuli and shallow spatial data, and
provides a variety of spatial information to express
active failure micro-landforms, improving complex
geological conditions. The accuracy of fault detection and interpretation of GPR images provides new
research ideas and methods for quantitative analysis
of active faults.

FIGURE 7
The data processing flow of geological radar
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conservation of the State forests that constitute
99.9% of the country’s forests. In the period between 1937 and 1969, the GDF conducted all of the
forestry activities under the Ministry of Agriculture
and financed its activities by using the funds allocated by the government and the revenues from its
own commercial activities, such as timber selling,
entrance fees, etc. Given the diverse forest ecosystems and social-cultural structure of the country,
almost all forest resources have been planned and
managed under government jurisdictions over approximately 77 years [1].
In Turkey, the forest industry mainly meets
the demand of wood raw materials from state forest
enterprises. In Turkey, an average of 10 million m3
of round timber is sold annually by the auction
method from the sales depots of state forest enterprises [2]. However, the forest industry also imports
about 3 million m3 of round wood per year, in order
to meet the need of wood raw materials. Sales policies can be classified in two major methods by
GDF in Turkey. First one is the bid-based timber a
sale, which is the most used policy for timber selling by GDF in the last 60 years. The second selling
method is the stumpage policy which is the newest
application in the last decades in Turkeys forestry.
GDF has decided to increase the portion of stumpage in total forest product sales in the entire country.
The main purpose of the present study is to investigate and discuss the perceptions of stakeholder
groups towards stumpage policy in Turkey. Another primary purpose is to determine the stumpage
policy-related perceptions of stakeholder groups
regarding six sub-factors (technical, economic,
social, legal, managerial, environmental). Therefore, this study is focused on of the perception by
stakeholder groups of stumpage sales (DASU, acronym for stumpage sales practice in Turkish) from
the State forests in Turkey, with regard to technical,
social, economic and environmental dimensions.
Multivariate statistical techniques and structural
equation modeling (SEM) methodology was used to
analyze the views of stakeholders regarding stump-

ABSTRACT
This paper is aimed to determine the stakeholders’ perception against a new forest management policy for stumpage sales in the Western
Black Sea Region of Turkey. Ownership of country’s forests (99.9%) belongs to the government and
timber production and sales have been managed by
The General Directorate of Forest (GDF) in Turkey.
In the last decade, GDF applied the new stumpage
policy to increase efficiency and decrease costs of
management procedures because of the last policy’s
deficiency. In the case of stumpage policy, it is also
important to consider benefits of this policy change
to stakeholders. There are four main stakeholders in
stumpage policy: forest management (GDF’s technical personal, forest engineers), forest villagers
(FV), forest cooperatives (FC), forest industry and
logging contractors (FI). To analyze and evaluate
these factors, this paper examines the perception
and point of views of the stakeholders, using a large
number of survey data. The structural equation
modeling results show that the stumpage policy
needs to be revised by the forest management due
to stakeholders’ negative perception related to technical, social and managerial aspects of the stumpage policy. This policy should be reconsidered to
decrease the negative perception of the stakeholders
and improved by the participatory approach by
decision makers in Turkish forestry.

KEYWORDS:
Stumpage policy, Stakeholder analysis, Perception, Structural equation modeling, Forest management, Turkey

INTRODUCTION
Regular forestry activities in Turkey were established by constituting the first forest law and
institution, The General Directorate of Forest
(GDF) at the end of the 1930s. The GDF was a state
administration responsible for the management and
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age policy. Incidentally, there will be an analysis of
forest villagers’ perceptions about the changes in
stumpage policy. This research intends to contribute to an understanding of the issue and to help
reach better public decisions in this regard.
Primary stakeholders’ perceptions regarding
issues related to stumpage policy set out in a statistically adequate way, using structural equation
modeling and multivariate statistical analysis methods. Measurement models created to assess standing on stakeholders’ perceptions related to stumpage policy and stakeholder management strategies.
The primary results of the study, which will be
based on scientific grounds regarding the development of stumpage policy, can provide technical
data.

selling method is the stumpage policy which is the
newest application in the last decades in Turkeys
forestry. GDF has decided to increase the portion of
stumpage in total forest product sales in the entire
country.
This policy change would surely bring about a
series of immediate consequences as well as further
repercussions in regards to the mode, quantity,
assortment, timing and continuation of the public
timber harvest in the country, since state-owned
forests make up virtually the entire forest base of
Turkey. This issue is also critical because it involves the socio-economic conditions of FV and FC
who are traditionally employed by the state in timber harvesting. The forest industry and logging
contractors (FI) are increasingly becoming important stakeholders, particularly the latter was a
novelty until just a few years ago. The main stakeholders in the stumpage policy can be described as
the GDF, FI, FV, and FC.

MATERIALS AND METHODS
Theoretical framework. Since standing timber, unlike timber from depot sales, is harvested
only after the purchase, expectations and uncertainties about harvest conditions also need to be considered when setting a price. The amount of competition between buyers also has an influence on
stumpage prices and cost of timber [3].
Sales policies can classify two basic methods
by GDF in Turkey. First one is the bid-based timber
a sale, which is the most used policy for timber
selling by GDF in the last 60 years. The second

Study area and data. The study area has been
chosen from GDF’s 27 Forest Regional Directorate
(OBM), which are according to timber auction and
stumpage sales relatively high, contrary to average
and lower amounts in the other OBM’s in Turkey.
These OBMs are Bolu, Kastamonu, Sakarya ve
Zonguldak, located in Western Black Sea Region in
Turkey (Figure 1). The stakeholders are the whole
people living in the research area. The data was
collected from stakeholder groups via survey.

FIGURE 1
Research Area
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Study design. There are 103 perceptionrelated items from the measurement tools. These
103 items measure candidate stakeholder groups’
perceptions toward stumpage sales in Western
Black Sea region, which have been identified as a
measurement tool in this study. The perceptions
assessed in the measurement tool were compiled
from the studies of [4-9]. There are at least 200
samples obtained from each stakeholder group [10].
In this context, more than 200 samples were obtained from all stakeholder groups. With the survey,
1373 questionnaires were obtained from all stakeholder groups in the field of research (436 from
GDF, 420 from FI, 309 from FC and 208 from FV).

ining the fit of the factor models, carried out by the
exploratory analysis. In determining the fit of the
model, multi-fit measures are used. In this study,
adjusted goodness-of-fit index (AGFI), goodnessof-fit index (GFI), normed fit index (NFI), nonnormed fit index (NNFI), and root mean square
error of approximation (RMSEA) were used as
absolute fit measures for determining the model fit
[15, 17-19].
In terms of methods, exploratory factor analysis (EFA), confirmatory factor analysis (CFA),
SEM and multiple group analysis were combined in
order to set forth the analyses. After the describing
principal components, structural models of DASUPerception for each stakeholder group as well as for
whole groups collectively were constructed [20].
There were five structural models for both DASUPerception modelling. In addition, inter-group differences were analyzed using Multiple Indicator Multiple Cause (MIMIC) models [21]. Also, relationships between DASU-Perception for each
stakeholder group as well as for all groups collectively were modeled. Moreover, subjects on which
stakeholder groups agreed or disagreed were examined. The Analysis of Moment Structures (AMOS
16.0) program was used to analyze inter-group
differences via MIMIC models.
There are six different dimensions according
to literature about stumpage policy in Turkey [4-9].
These are perceived technical (TBA), perceived
economic (EBA), perceived social (SBA), perceived legal (YBA), perceived managerial (YOBA)
and perceived environmental (CBA) dimensions
(Figure 2).
Specifically, the following hypotheses are set
to be tested in this study:
H1. There is significant difference the technical dimensions of DASU perception among
stakeholder groups.
H2. There is significant difference the economic dimensions of DASU perception among
stakeholder groups.
H3. There is significant difference the social
dimensions of DASU perception among stakeholder groups.
H4. There is significant difference the legal
dimensions of DASU perception among stakeholder groups.
H5. There is significant difference the managerial dimensions of DASU perception among
stakeholder groups.
H6. There is significant difference the environmental dimensions of DASU perception among
stakeholder groups.
H7. There is significant difference the DASUPerception models among stakeholder groups.

Research Method. Multivariate statistical
techniques and structural equation modeling (SEM)
methodology was used to analyze the views of
stakeholders, regarding stumpage policy. Incidentally, there was an analysis of stakeholders’
perceptions about the changes in stumpage sales
policies [11]. Primary stakeholders’ perception
regarding issues related to stumpage sales policies
set out in a scientifically adequate way using structural equation modeling and multivariate statistical
analysis methods. Measurement models are built to
assess standing on stakeholders’ perception related
to stumpage sales policies.
Factor analysis is a statistical process used to
investigate relationships among observed and latent
variable sets. Two basic factor analyses are exploratory factor analysis and confirmatory factor analysis. In exploratory factor analysis, the researcher is
not aware of the number of factors measured
through the measurement tool [12].
When attempting to obtain information on the
nature of factors detected a priori, instead of examining a specific hypothesis, the researcher uses
exploratory factor analysis. In case of examining a
theory developed by the researcher to test a hypothesis, confirmatory factor analysis is used [13]. At
the beginning in this study, exploratory factor analysis was applied to the data set obtained for the 11
items that make up the measurement. Maximum
likelihood, commonly used in determining factors,
was used together with a varimax rotation approach. The varimax rotation technique is by far the
most commonly used procedure of factor rotation.
This technique is ideal for producing orthogonal,
uncorrelated factors that give the simple structure
[14]. After performing factor analysis, the
Cronbach’s a coefficient was used to determine
homogeneity of the measurement tool [15]. In test
theory, the reliability of the instrument is one of the
most important and basic features of a test [16].
The Structural Equation Modeling Software
(EQS 6.2) was used for CFA, with the aim of exam-
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FIGURE 2
Measurement Model
the lack of volume calculation in stumpage sales.
TBA6 is about the inadequacy to percentage of
yield. The second factor contained three items,
which accounted for 19% of variance. The second
factor, perceived social dimension (Factor SBA),
related to stumpage policy. The last factor had two
items. This factor was named perceived managerial
dimension (Factor YOBA) which accounted for
16% of variance. The reliability coefficient computed for the measurement tool of 103 items is
0.84. Based on the Cronbach’s a value, the measurement tool used, appears to be fairly reliable in

RESULTS
Exploratory factor analysis results. Maximum likelihood with varimax rotation was used to
extract factors. Eigenvalue and scree plot were used
to determine the number of factors extracted. The
initial factor analysis result revealed a three-factor
solution, which accounted for 70% of variance. The
first factor had two items and it accounted for 35%
of variance. This factor was entitled perceived
technical dimension (Factor TBA). TBA1 is about
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Table 1 [22, 23]. In addition to these results, alpha
coefficients were computed for each of the three
factors. There is not enough evidence to obtain for
EBA, YBA and CBA for stumpage policy with
factor solutions.

used in the application of CFA. In the examination
of this model with three latent variables, fit statistics were examined in detail. The goodness-of-fit
indices suggest satisfactory results. The data can be
seen in Table 3.
The total effects of independent latent variables on dependent latent variables of DASUPerception Measurement Model are given in Table
4. According to Table 4, it is confirmed that perceived technical dimension (TBA) have a positive
effect for the DASU-Perception measurement model for the stakeholder groups. There is a significant
UHODWLRQVKLSEHWZHHQWZRODWHQWYDULDEOHV ȕ  
It is confirmed that perceived social dimension
(SBA) has a positive effect for the DASUPerception measurement model for the stakeholder
groups. There is also a significant relationship beWZHHQ WZR ODWHQW YDULDEOHV ȕ    ,W LV DOVR
confirmed that perceived managerial dimension

TABLE 1
Reliability analysis related to pilot scheme
Name of
Scale
DASUPerception

Cronbach's Alpha Number
Cronbach's
Based on Standard- of the
AlpKDĮ
ized Items
Items
,844

,850

103

Confirmatory factor analysis results. The
conformity of the three factors obtained as a result
of exploratory analysis was evaluated as confirmatory factor analysis. Results concerning CFA analysis have been presented in Table 2. By using EQS
6.2, data regarding 11 items of perceptions were

TABLE 2
CFA results of DASU-Perception measurement model for the stakeholder groups, reliability, means and
standard deviation values
Factors / items
Standardized factor
t-values
&URQEDFK¶VĮ
R2
Means
SD
Loads
0.93
0.32
0.56
Factor 1- SBA
1.33
3.17
0.61
88.04
0.78
SBA1
1.31
3.19
0.68
90.23
0.82
SBA2
1.32
3.17
0.76
88.92
0.87
SBA3
1.36
3.11
0.68
84.82
0.82
SBA4
1.38
3.44
0.66
92.73
0.81
SBA5
1.28
3.41
0.68
98.94
0.83
SBA6
1.31
3.36
0.63
95.02
0.79
SBA7
Factor 2- YOBA
0.74
0.78
0.54
YOBA4
0.94
100.01
0.89
3.17
1.17
YOBA5
0.68
88.76
0.46
3.14
1.31
Factor 3- TBA
0.38
0.72
0.15
TBA1
0.60
105.66
0.36
3.58
1.26
TBA6
0.93
111.47
0.87
3.51
1.17
TABLE 3
Evaluation of measurement model DASU-Perception for the stakeholder groups
Fitness Criteria
Multi-fit values
Fit
ȤILWWHVW
548.269
Accepted
ȤVG 
4.35
Accepted
Acceptable
0,94
NFI
Acceptable
0,93
NNFI
Acceptable
0,94
CFI
Acceptable
0,08
RMSEA
GFI
0,93
Good fit
AGFI
0,88
Acceptable
SRMR
0,04
Good fit
AIC-Model
8950.51>466.27
Accepted
CAIC-Model
8608.15>211.05
Accepted
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(YOBA) has a positive effect for the DASUPerception measurement model for the stakeholder
groups. Another significant relationship was found
EHWZHHQ WZR ODWHQW YDULDEOHV ȕ    7DEOH 
shows that the standardized path coefficients express the amount of change in one unit in independent variables and they how affect the latent variables. DASU-Perception Measurement Model for the
Stakeholder Groups can be seen in a path diagram
in Figure 3.
Structural relations and multiple coefficients
of variation (R2) values are given in Table 5. TBA,
SBA and YOBA latent variables and all items related to the measurement model, DASU-Perception
have been added for the CFA. The AMOS 16.0
program was used for the analyses.
The CFA analysis results of the standardized
estimates, standard error, critical ratio and significance level can be seen in Table 6 and Table 7.
According to Table 6 there are significant differences EHWZHHQ VWDNHKROGHU JURXSV Ȥ2 
GI S0&), *), 1), 0,
506($   5HJUHVVLRQ ORDGV UHODWHG WR GLIIHU
ences between stakeholder groups can be seen in

Table 7. These results show that regression loads
(R2 >0.40), related to latent variables for the stakeholder groups, have highly valuable explanations.
[24-26].
TABLE 4
Total effects of independent latent variables on
dependent latent variables of DASU-Perception
measurement model
Dependent Latent VariaIndependent Latent Varibles
able
SBA TBA YOBA
DASU-Perception
0.56 0.38
0.73
TABLE 5
SEM results for the DASU-Perception measurement model
Structural Equations
R2
7%$  '$68 '
0.14
6%$  '$68 '
0.32
<2%$  '$68 '
0.54

FIGURE 3
Path diagram of DASU-Perception measurement model for the stakeholder groups
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TABLE 6
Significance level, critical ratios, standardized estimates and standard error values of measurement model
DASU-Perception for the stakeholder groups
Stakeholder
Standard
Critical
Significance
Relations
Estimate
Groups
Error
Ratio
Level

GDF

FI

FC

FV

SBA1
SBA2
SBA3
SBA4
SBA5
SBA6
SBA7
YOBA5
YOBA4
TBA6
TBA1
SBA1
SBA2
SBA3
SBA4
SBA5
SBA6
SBA7
YOBA5
YOBA4
TBA6
TBA1
SBA1
SBA2
SBA3
SBA4
SBA5
SBA6
SBA7
YOBA5
YOBA4
TBA6
TBA1
SBA1
SBA2
SBA3
SBA4
SBA5
SBA6
SBA7
YOBA5
YOBA4
TBA6
TBA1

-----------------------------------------------------------------------------------------

SBA
SBA
SBA
SBA
SBA
SBA
SBA
YOBA
YOBA
TBA
TBA
SBA
SBA
SBA
SBA
SBA
SBA
SBA
YOBA
YOBA
TBA
TBA
SBA
SBA
SBA
SBA
SBA
SBA
SBA
YOBA
YOBA
TBA
TBA
SBA
SBA
SBA
SBA
SBA
SBA
SBA
YOBA
YOBA
TBA
TBA

1,000
1,325
1,440
1,403
1,110
1,168
1,157
1,000
1,054
1,000
,466
1,000
1,114
1,112
1,090
1,070
,956
,779
1,000
,576
1,000
1,417
1,000
,976
,892
1,084
1,158
,786
1,026
1,000
2,944
1,000
1,009
1,000
,920
,902
,492
,815
,783
,791
1,000
1,052
1,000
,970

141

,103
,091
,104
,102
,097
,100

12,827
15,760
13,518
10,904
12,015
11,537

,067

15,759

,139

3,348

,058
,052
,055
,056
,052
,048

19,121
21,330
19,789
19,023
18,365
16,091

,077

7,449

,403

3,518

,069
,058
,074
,072
,065
,070

14,085
15,458
14,556
16,027
12,072
14,570

1,421

2,072

,118

8,530

,053
,045
,068
,067
,052
,054

17,454
19,902
7,259
12,198
15,009
14,706

,151

6,986

,256

3,783

,038
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TABLE 7
Standardized regression loadings of measurement model DASU-Perception for the stakeholder groups
Stakeholder
Stakeholder
Groups
Relations
R2
Groups
Relations
R2
SBA1
--SBA
,614
SBA1 --SBA
,782
SBA2
--SBA
,788
SBA2 --SBA
,758
SBA3
--SBA
,850
SBA3 --SBA
,733
SBA4
--SBA
,860
SBA4 --SBA
,779
SBA5
--SBA
,629
SBA5 --SBA
,845
GDF
FC
SBA6
--SBA
,717
SBA6 --SBA
,679
SBA7
--SBA
,678
SBA7 --SBA
,781
YOBA5
--YOBA
,825
YOBA5 --- YOBA ,368
YOBA4
--YOBA
,908
YOBA4 --- YOBA 1,526
TBA6
--TBA
1,117
TBA6 --TBA
,735
TBA1
--TBA
,492
TBA1 --TBA
,596
SBA1
--SBA
,759
SBA1 --SBA
,918
SBA2
--SBA
,871
SBA2 --SBA
,851
SBA3
--SBA
,903
SBA3 --SBA
,856
SBA4
--SBA
,897
SBA4 --SBA
,475
SBA5
--SBA
,869
SBA5 --SBA
,700
FI
FV
SBA6
--SBA
,845
SBA6 --SBA
,794
SBA7
--SBA
,753
SBA7 --SBA
,783
YOBA5
--YOBA
1,070
YOBA5 --- YOBA ,677
YOBA4
--YOBA
,659
YOBA4 --- YOBA ,732
TBA
,551
TBA6
--TBA
,649
TBA6 --TBA1
--TBA
,867
TBA1 --TBA
,417
TABLE 8
Results of testing the research hypotheses on DASU-Perception
Hypothesis
H (1): There is significant difference the technical dimensions of DASU perception among stakeholder groups.
H (2): There is significant difference the economic dimensions of DASU perception among stakeholder groups.
H (3): There is significant difference the social dimensions of DASU perception among stakeholder groups.
H (4): There is significant difference the legal dimensions of DASU perception among stakeholder
groups.
H (5): There is significant difference the managerial dimensions of DASU perception among
stakeholder groups.
H (6): There is significant difference the environmental dimensions of DASU perception among
stakeholder groups.
H (7): There is significant difference the DASU-Perception models among stakeholder groups.
Results of the hypotheses related to research
are shown in Table 8. Hypotheses H(1), H(3) and
+   DUH VWDWLVWLFDOO\ FRQILUPHG Ȥ  
GI 
S
&), 
*), 
506($   ,W LV VWDWLVWLFDOO\ FRQILUPHG WKDW
there are significant differences for the perceived
technical dimension (TBA), perceived social dimension (SBA) and perceived managerial dimension (YOBA) between stakeholder groups.
Research hypotheses H(2), H(4), H(6), are statistically not confirmed. There is not enough evidence to confirm the perceived economic dimen-

Result
Confirmed
Not Confirmed
Confirmed
Not Confirmed
Confirmed
Not Confirmed
Confirmed

sion EBA, perceived legal dimension YBA and
perceived environmental dimension CBA between
stakeholder groups for the stumpage policy. Although GDF affirms the economic benefits of
stumpage sales for the buyers, these research results
show that there is no evidence to confirm this situation for stumpage policy. In addition, this legal and
environmental concern is mostly discussed in regards with stumpage policy [4-6]. But we could not
find any result or evidence about both legal and
environmental commentaries about stumpage policy.
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FIGURE 4
Path diagrams of comparisons of the stakeholder groups for measurement model, DASU-Perception

There are four SEM models for each stakeholder group; named DASU-GDF-Perception,
DASU-FI-Perception, DASU-FC-Perception and
DASU-FV-Perception measurement models and
path diagrams can be seen in Figure 4. Group comparisons in the perception models were made using
AMOS 16.0 by 1st order factor analysis. The research hypothesis, H(7) is statistically confirmed
(Ȥ   GI  S &), 
*),  506($ ). It is statistically confirmed that there are significant differences between
stakeholder groups’ perceptions.

DISCUSSION AND CONCLUSIONS
According to results, EFA was carried out in
order to determine the factors effective in stumpage
policy perceptions, displayed by stakeholder
groups. Afterwards, EQS 6.2 was applied in order
to determine whether latent variables defined by
CFA showed an integral conformity. As a result of
the exploratory factor analysis, it was determined
that 11 items of perceptions were present in three
factors, which seemed to account for 70% of the
total variance. The relevant variables regarding
these factors seemed to measure the perceptions in
the same direction. Also, these three dimensions
were determined to significantly negative perceptions of stumpage policy in Western Black Sea
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region in Turkey. There are some supportive articles about this negative situation of stumpage policy in Turkey [4-9, 27-34]. It is very important to
develop and implement a more active inspection
system by taking certain measures in the inspection
mechanism in the context of eliminating the negative effects perceived by all stakeholder groups
(preventing irregularities, having inspection weaknesses, etc.).
The model expected to have prior significance
was determined to be statistically significant as a
whole. The model was determined to show results
in agreement with the results of other studies in the
literature into stakeholder groups involved in
stumpage policy in Turkey [4, 5, 31, 33]. When the
model devised for perceptions was evaluated together with the average scores, given to stakeholders, in relation to the stumpage policy, it was assumed that negative perceptions acquired by whole
stakeholder groups could have an indirect impact
upon stumpage policy. We, therefore, hypothesized
that these perceptions could have a prior effect
upon stumpage policy and behavior to be displayed
by stakeholders when they are considered as individuals within the stumpage policy in Turkey.
This paper uses SEM methodology that can
handle a great level of detail of quantitative information and distil out the main factors. The resulting
of stakeholder groups can be statistically confirmed
to be precise and reliable. According to results
stumpage perception models have good fits for each
stakeholder groups. DASU-Perception models
confirmed that the primary stakeholder groups have
negative perception of technical, social and administrative aspects of the DASU. According to
DASU-Perception models, DASU needs to be reorganized with a participatory approach. According to
In light of the results, suggestions on the improvement of the DASU management model were presented, which may serve to provide decisionmakers and interest groups with tangible information and policy options, in regards to DASU. It
can be seen that some of the studies conducted also
support these findings [35]. A new scale was developed and confirmed to measure stakeholder groups’
perception in the study. This scale can be used for
the other regional forest departments in Turkey.
Research models can be used to analyze the
stakeholders’ perception and attitude against to
stumpage sales policies and strategies using SEM
methodology. Results show that SEM can also be
used to analyze different groups’ perception and
attitude against to stumpage sales policies and strategies. MIMIC models can also be used to compare
inter-group relationships. In recent studies, also
support this using modeling approach [33, 36].
This first attempt to address important socioeconomic problems in Turkish forestry with structural equation modeling and other advanced multivariate statistical methodology is very important

because relevant information and data have provided by reliable statistical methods for the discipline
of forestry and forest economics.
Specifically, there are some negative perceptions (prevention of irregularities, easing of the
control mechanisms, etc.) related to stumpage policy, especially by decision makers, GDF and the
other stakeholder groups. To eliminate the negative
perception of stumpage policy, measures in control
mechanisms should be started and control systems
should be improved. GDF has to take necessary
changes for the internal audit instructions in order
to prevent misappropriations in stumpage policy
without delay. Essential studies should be conducted for the internal auditor in order to decrease and
stop irregularities and to ease the control mechanisms. For instance, inspection and control activities can be done by other regions’ forest engineers
for stumpage sales areas. Thus, this will provide to
reliability and prevent the conflict of interest in
related forest directories [37].
The bid-based stumpage sales could be unreliable because of volume differences before measure
and after harvest. To solve this problem the sale
method of “A scaled volume sale/A shared volume
sale” which is being applied in Canada, could be
implemented by GDF for stumpage sales in Turkey
[38, 39]. Decision makers in GDF must concern
this method to provide for all stakeholder groups in
stumpage sales. Buyers and GDF can fairly compare under favor of this stumpage sales method. By
this means all stakeholder groups could rely on
each other and support the new stumpage policy.
GDF must gather all stakeholder groups to negotiate with the participatory approach and revise
the stumpage policy which will be another step to
solve stumpage sales problems [40-42]. According
to study results gathering all stakeholders will provide advisable management mentality for GDF.
Because of the low education level of forest villagers (FV) in Turkey they need to be consulted and
taken into consideration with their expectations and
needs [43].
Forest cooperatives (FC) have enough information and experience about the forest products
production but they have not enough skills about
the marketing of forest products because FC was
working on just producing forest products and deliver to GDF. There is severe competition in forest
products marketing and FC has not enough experience for the stumpage sales [44]. Therefore, forest
villagers who are members of FC, start to increase
concerns about the stumpage policy. FCs’ head and
management committee needs to lead their members to eliminate and decrease these concerns of FC
and FV. For example, FCs’ head and management
committee could help their members to sell forest
products to buyers. Government and self-employed
forest engineers can also give the counselling to sell
forest products for FC and FV [33-35, 41-46].
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GDF has to increase the education and publication activities for FC and FV. FV needs to reorganize the utilization of forestry activities. GDF and
FC must cooperate to educate and raise awareness
to FV about the stumpage policy and other forestry
activities. Finally, the NGOs’ (TOBB, TORID,
TEPAL and Association of Chipping-Fiberboard
Industrials) from one of the stakeholder groups and
the forest industry (FI) need to be sufficiently informed and educated in stumpage policy [33, 35].
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ABSTRACT

INTRODUCTION

Requirement for the wastewater (WW) treatment has increased from the viewpoints of environmental safety and water shortage. The WW treatment is usually a costly process, however, trickling
filter (TF) based WW treatment systems can be lowcost options. Therefore, maize cob trickling filter
(MCTF) WW treatment system is designed and developed using indigenous materials. A TF based
WW treatment system containing indigenous material can be easy to operate and more adaptable for
domestic and industrial application. The operation of
the MCTF system was studied for 140 days at different field loading rates varying 27, 37, 58 and 71
m3/m2/day (flow rate 50, 70, 108 and 132 m3/day)
successfully. The obtained removal efficiency of biological oxygen demand (BOD) and chemical oxygen demand (COD) were accomplished between 74
to 84% and 72 to 83%, respectively. The observed
solids removal was 32 to 65% for total suspended
solids (TSS) and 33 to 45% for total dissolved solids
(TDS). Furthermore; the study evaluates the MCTF
media degradation on a weekly basis. Only 20.5 cm
(17.5%) in MCTF media reduction was observed
from its total height of 116 cm during entire evaluation period (140 days). The MCTF continued to operate without significant loss in performance. The
MCTF system successfully treated the WW at field
loadings/flow rates. The MCTF treatment system not
only minimize the pollution load to the receiving environment but also helps to elevate the reusing potential of WW by providing relatively safe irrigation
water supplement for agricultural lands.

Disposal of untreated wastewater to the natural
drains and agricultural fields treatment is become a
serious environmental threat for the developing
country now a day. In Pakistan gross production of
wastewater is 3,637,626 million liter in which
2,547,754 (70%) million liter is comes from municipal and 1,089,872 (30%) million liters from industrial activities. Only a very small portion (5 to 8%)
of the total wastewater (WW) receives primary treatment like screening or sedimentation [1–8] whereas
more than 90% of the generated wastewater is discharging without treatment into the receiving environment. Water resources are gradually affecting because of mixing with untreated municipal (commercial and domestic) and industrial WW [3, 9]. This
untreated WW become a major source of environmental degradation and cause problems for the community health because domestic and industrial effluents carrying various contaminants and pathogenic
microorganisms such as viruses, bacteria, algae,
fungi that may problems for the public health and
aquatic sustainability [6, 7, 10, 11]. Untreated sewage usually carries inorganic contaminants like mercury metal, ions of nitrogen, sulphur, phosphorus,
cadmium, arsenic, lead, and some organic pollutants
(COD and BOD) like oil and pesticides [7, 12–14].
Efforts of installation and operating of biological
WW treatment system in some cities includes Islamabad, Karachi etc. These WW treatment plants don’t
have capacity to treat the total generated WW and
most are out of order [6, 11]. It is necessary to explore more suitable WW treatment systems/technologies for treatment of the WW up to desire level.
Level of WW treatment depends upon the
source of generation and assimilative capacity of receiving water body. For commercial and industrial

KEYWORDS:
Maize cob, trickling filter, wastewater, treatment, performance evaluation.
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WW treatment; preliminary, primary, secondary, advance secondary and tertiary treatment levels are
normally adopted [3, 15]. In the secondary treatment;
WW is treated biologically and usually it is considering as a suitable and reliable option for domestic
and industrial WW treatment. Secondary WW treatment systems include trickling filter (TF). Because
of easiness in operating, less repair and maintenance
cost and small footprint are able to make it suitable
and most preferable treatment facility for developing
countries [16, 17]. Study indicated that efficiencies
of aerated TF is efficient for the treatment of organic
pollutants, nutrients and other harmful substances.
Removal efficiencies of biological and chemical oxygen demand (BOD and COD) was up to 85% [14].
TF for WW treatment are widely use technology for industrial and commercial WW treatment.
Performance efficiency of TF was reported up to
90% specifically of reducing organic pollutants [14,
18]. The effluent concentration of TF was described
below the environmental water quality standers for
irrigation and disposal of WW in natural drains [19,
20]. In the TF WW treatment systems several materials are utilized such as waste nylon like nylon pot
scrubber [8], commercial metal and glass rings,
crushed leca, norton, calcitic [17, 21], rubber, plastic
and stones [22], plastic luffa cyllindrica [23] geotextile [24], pall rings [25], polyurethane [26], tire derive rubber [27], dry oyster shell [28] grooved plastic
sheet [29], gravels or stone [31], zeolite [30], sponge
[32, 33], zeolite and ceramsite [34], polypropylene
plastic [35], biochar chips [36], and ceramic particles
[37] for treating WW.
Recently a study was conducted in BZU Multan
under the umbrella Agricultural Engineering Department on design and development of pilot project TF
WW treatment system. In the designed system maize
cobs (agriculture waste) are used for the development and growth of biofilm [8, 17]. Maize cobs are
easily available in Bahauddin Zakariya University
(BZU), Multan, Pakistan. The objective of present
study are: i). To operate and examine the performance of the installed maize cobs based trickling filter (MCTF); ii). Quality of treated effluent at different WW flow rates; iii). To investigate the life and
degradation rate of MCTF media column height.

MATERIALS AND METHODS
Collection of wastewater. In the current research work the raw wastewater was collected from
the wastewater collection (disposal) unit (station) of
BZU, Multan 60800, Pakistan. Untreated (influent/WW) and treated water (effluent) samples were
collected before and after the treatment system. Collected samples were tested and BOD, COD, TSS and
TDS was determined by using standard methods
from APHA 2012 [10, 19, 40]. Bio media degradation within the reactor was measured as reduction in
trickling filter media height.
Supporting Material for biofilm. Supporting
material (maize cob) for biofilm in TF WW treatment system was taken from the agricultural market
of Multan 60800, Pakistan. Maize Cobs were dried
in oven at 105 °C and prepared into equal sized
pieces having length (L) and diameter (d) of 5cm ±
0.20cm and 2.54cm ±0.15cm, respectively. Different
characteristics of trickling filter media used are listed
in Table 1. Prepared cobs were cleaned with purified
water and then dried in oven till constant weight.
Volume (V) and surface area of the cobs was determined by using following slandered equation (1) and
(2) [8, 26, 36].
V = ɎdL
(1)
(2)
A = Ɏr ଶ (r + L)
Reactor startup and procedure
The TF WW treatment system was metallic
with gauge 22 (0.64mm) having circular shape.
Height of the TF body was 152 cm and diameter 76
cm. Flow diagram of MCTF treatment system, is
represent in Figure 1. The developed system was installed at latitude and longitude of 30.2639° N and
71.5101° E and equipped with 135 cm of media
(maize cob) height and 15 cm drainage layer. Drainage layer consists of gravels to transmit treated water, to slough off the solids to drainage layer and to
maintain proper aerobic environment in the TF body
[21, 23]. The whole system is supported by grid having radius of 15.24 cm which is 30cm above the
ground surface. Developed system was operated at

TABLE 1
Specification of developed MCTF treatment system are listed in Table 1.
Parameters
Unit
Value
length (average)
[cm]
5.0 ± 0.3
diameter (average)
[cm]
2.54 ± 0.2
pH (average)
[-]
6.11
average moisture content (at field capacity)
[%]
58.6
dry filled weight (average)
[g]
192
specific surface area (average)
[cm2/cm3]
1.03
true density (average)
[mg/cm3]
1180
average porosity
[%]
75%
carbon
[%]
45.3
hydrogen
[%]
7.1
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FIGURE 1
Flow diagram of developed trickling filter-based WW treatment system.

Parameter
BOD
COD
TSS
TDS

TABLE 2
Raw wastewater characteristics and physico-chemical analysis.
Units
Observed value Mean value
Method No.
Frequency
mg/L
126-278
237
5220D-2012
Daily
mg/L
145-321
287
5210B-2012
Once a Week
mg/L
69-107
88
2540C-2012
Daily
mg/L
560-720
640
2540D-2012
Daily

four (4) different WW flow rates varying from 50 to
132 m3/day (27 to 71 m3/m2/day). The performance
efficiency of developed WW treatment system was
measured by following equation no. 3 [23, 24].
Ʉ=ቀ

େ ିେ౫౪
େ

ቁ 100

average values of 237 mg/L and 287 mg/L, respectively. Developed system was operated at four random WW flow rates varied from 50-132 m3/day (50,
70, 108 and 132 m3/day) to check its effectiveness.
The removal efficiency of MCTF at lowest flow rate
i.e 50 m3/day was 83.5% of COD and 84.6% of
BOD. Increasing flow rate from 50-70 m3/day to
check the performance efficiency it was decrease up
to 80.4% of COD and 80% of BOD. For flow up to
108 m3/day, the performance was decreases up to
78.2% of COD and 78.3%. Now further increase the
hydraulic flow up to 132 m3/day and the attained removal efficiency was remains up to 72.1% of COD
and 74.6% shown in Figure 3 and Figure 4. The
treated effluent TF have low concentration of WW
as compare to environmental water quality standards
[39]. The COD removal was very effective (50-98%)
using biological filter for domestic WW treatments
[32]. The removal efficiencies are comparable with
the pilot scale TF having stones as filter media used
under natural environment [19, 40]. By increasing of
WW flow the removal efficiency of the MCTF was
slightly decreases. This may be due to the composition of TF media that prevent flow channels in
packed maize cobs and reduced the contact area of
WW with the media [20, 41–43]. A hybrid TF reactor for domestic WW treatment was tested and concluded that the performance TF is slightly decreases
as increasing flow rate of WW [20, 43]. It may be
due to health growth of biofilm on maize cob media
and efficient void age for oxygen circulation [8, 33,
44]. Previous study shows that no reduction will occur by increasing WW of flow rates in TF [45–51].
Another study indicates the potential of removing

(3)

The system was operated for 15 days for the development of biofilm on the TF media. After the development of biofilm TF was operated at four different hydraulic flow rates varying from 50 to 132
m3/day. WW samples were collected before and after
the TF. Specification of developed MCTF treatment
system are listed in Table 1.

RESULTS AND DISCUSSION
Maize cobs as trickling filter media. BOD
and COD are the important parameters in the present
stud. The maize cobs are already tested in TF as biofilm support media [8]. In this study TF was operated
at constant flow rate of 113m3/day and removal efficiency of BOD and COD was attained up to 50%.
Whereas; increment in flow rate from 50 to
132m3/day a nominal reduction of 10% was observed in performance efficiency.
Figure 2 (a) and (b) indicates SEM images of
maize cobs (reproduced from [7]) which presents the
ability of maize cobs to adheres the microbes belonging to different cells and colonies.
Biological and Chemical Oxygen Demands.
Raw sewage has BOD and COD concentration varying from 126 to 278 mg/L and 145 to 321 mg/L with
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and 44-63% as flow varies from 50 to 132 m3/day
(50, 70, 108 and 132 m3/day). This reduction in TSS
and TDS value because the transformation of NO3
into diatomic molecular nitrogen (N2) of the domestic wastewater. Nominal reduction was observed by
increasing of flow rates from 50 to 132 m3/day [16,
20, 53]. The reduction of total dissolved and suspended is necessary because that causes problems in
the aquatic life [8, 17, 29].

BOD and COD by using biological aerated was
ranged between 89 to 92% [14]. Degradation of organic matter (BOD, COD) in vertical aerobic column
i.e TF WW treatment system was more than 90% if
the raw WW concentration and contact time will be
adjusted accordingly [16].
Total Solids (Dissolved and Suspended) Removal. Oxygen demanding pollutants can degrade
and their concentration get revived up to 90% by using biological filter for WW treatment [32, 33]. The
raw WW contains total dissolved and suspended solids (TDS and TSS) concentration ranged 560-720
milligrams per liter and 107-69 milligrams per liter
respectively. Mean concentration of TDS and TSS
was 640 mg/L and 84 mg/L. The MCTF WW treatment system was tested for TDS and TSS removal
and the average removal was 32% and 49% shown
graphically in Figures 5 and 6. The TDS and TSS
removal response of developed MCTF at 4 different
WW flow rates was observed by taking influent and
effluent samples of WW before and after the MCTF
WW treatment system. The TDS removed because
by the oxidation of WW and the available organic/waste (pollutants) was degraded and settle
down in the secondary settling tank. The quickly settling and removal of the dissolved pollutants shows
the efficiency of developed MCTF. Electrical conductance (EC) of WW is because of TDS and TSS
and EC is directly proportional to the concentration
of dissolved solids. Electrical conductivity i.e. large
the number of suspended and dissolved solid in WW
higher will be the EC and vice versa [29, 52]. TSS
removal in aerated filter for WW treatment was up
to 95% when the organic loading is 1.52 to 2.07
kg/m3/day [14].
At higher WW flow rate the efficiency was low
and when WW flow become low the removal efficiency was increased [20]. The total solids (TDS and
TSS) efficiency removal alternation in the MCTF
throughout the working time ranged from 33-46%

8 KV

X350

50um

Media degradation. The MCTF WW treatment system was operated for 20 weeks (140 days)
to examine the effect of media degradation on the
treatment performance in term of removal efficiency.
Media degradation was starts after 35 days of reactor
startup. In first 29 day the flow rate was 50 m3/day
and total depth/height of the MCTF was decreases
8.25 cm. Next 28 days the MCTF WW treatment system was operated at 70 m3/day and the total depth
(height) of maize cobs reduction was 7.75 cm. Next
33 days the MCTF WW treatment system was operated at 108 m3/day and the depth/height of media reduction was 9.75 cm was recorded. Now MCTF was
operated for 49 days at the WW flow rate at 132
m3/day and the total depth/height reduction was
14.25 cm was recorded. Similar study was conducted
on luffa cylinderia as a biofilm support media in that
research work some portion of luffa cylinderia become thick in the trickling filter body and no significant effect on removal efficiency was recorded [23].
Media degradation and the performance of MCTF in
term of removal efficiency is given by Figure 7. The
total height of the TF media was 116 cm. The above
data shows that the average daily degradation of the
MCTF in term of height is 0.287 cm/day if the degradation rate remains constant the MCTF media was
degraded after 465 days of operation.
In addition, performance evaluation of present
system is compared in Table 3 with different kinds
of systems e.g. TF media of type: oyster media, plastic ball, luffa cylindica, tire derived rubber, stones,

RUSKA-SVVU

8 KV

X8,000 2um

RUSKA-SVVU

FIGURE 2
SEM images of (a) maize cob material (b) bacterial growth (cells and colonies) on the maize cobs [7].
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and cotton sticks [17, 20]. The summarized result is
presented in Table 3. The performance efficiency of
present research is found better than other used media. Performance of the developed MCTF is higher

due to rapid development of slime layer (biofilm)
and better contact of WW with developed biofilm.
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FIGURE 3
Variation in COD removal efficiency at various flow rate.
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Variation in BOD removal efficiency at various flow rate.
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TDS removal efficiency with respect to working days.
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TABLE 3
Trickling filter media and performance evaluation in Pakistan.
Removal Efficiency
Trickling Filter
WW type
Media
% BOD
% COD
% TDS
% TSS
Municipal WW Oyster Shell and
67
plastic ball
Combined WW
Oyster Shell
85
80
85
Domestic Sew- Luffa Cylindrica
67
53
53
age
Domestic WW
Plastic ball
94
93
86
Domestic WW Plastic ball tire
70
70
derived rubber
(TDR)
Municipal WW
stones
62
56
Municipal WW
Maize cobs
79
75
29
44
Municipal WW
Municipal WW

Cotton sticks
Maiza Cobs

73
83

72
84

28
45

47
65

Reference
[51]
[28]
[23]
[46]
[27]

[54]
[17]
[8]
[20]
This Study

Adoption of Wastewater Treatment Technologies
for Safe Re-Use of Municipal Wastewater and Associated Bio-Solids in Multan region’.

CONCLUSIONS
In this study, the developed MCTF WW treatment system was successfully operated at four (4)
different hydraulic flow rates varying from 50 to 132
m3/day. MCTF WW treatment system has shown
that municipal WW can be treated and handled economically, efficiently and environment friendly
manner. This study confirmed that the concentration
of the treated effluent of MCTF WW treatment system was within permissible limit of PEPA and
NEQS. Therefore, it can be used for agriculture application. The developed MCTF WW treatment system have ability to successfully removed contaminants i.e BOD, COD, TSS and TDS. Oxygen demanding materials at low flow rate 50 m3/day
(28,000 L/m2/day) MCTF WW treatment system removed as much as 85 and 88% of COD and BOD,
respectively. By increasing flow rate as high as 2.64
times 132 m3/day (132,000L/day~71,740L/m2/day)
the system efficiency remains 72%. Total dissolved
and suspended solids (TDS and TSS) removal varied
at flow rate varying 132 to 50 m3/day from 33 to 46%
TDS and 46 to 63% of TSS during the MCTF WW
treatment system operation. Media degradation during the study was observed to check the behavior of
degradation and the life of the maize cobs as used in
MCTF WW treatment system. Based on the current
research work, the MCTF appeared to be an adoptable, reliable and affordable WW treatment option for
safe disposal and reuse of domestic WW as an irrigation supplement at farm level in Pakistan and other
developing countries.
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Change (IPCC) which is to reach stabilized CO2 levels. Furthermore, in an investigation conducted by
World Business Council for Sustainable Development (WBCSD) in 2009, it was demonstrated that
the energy consumed by buildings can be minimized
radically, which will lead to saving energy equivalent to the entire transport sector today [10].
In order to help address climate change, grid
electricity can be depended on more since it originates from non-fossil sources (such as solar and wind)
in order to make a difference. Also, there are numerous significant benefits to lessening energy consumption as it helps to preserve limited resources
while also lessening the costs for both benefitting
businesses and consumers in a short amount of time.
Furthermore, the demand for non-carbon sources is
probable to be minimized for years to come. Therefore, in order to transfer into the direction of a low
carbon economy, it is fundamental to make “more
intelligent” use of energy in buildings which will significantly affect the numbers on energy usage and
cost savings. This is why ‘Energy intelligent buildings’ are becoming the next hype in modern day
commercial building designs which target enabling
intelligent control of the building [11-13]. The one
factor that has clear and large effect on space heating,
cooling and ventilation demand, is the occupant
presence and his behaviour within buildings which
are directly related to energy consumption by daily
usage of lighting and space appliances as well as
building controls [14-19]. As shown in many cases,
carelessness and ignorance may add one-third cost
over the costs of designing appropriate energy performance in buildings, whereas an aware and wise
behaviour can save the amount.
The advent of smart buildings has brought
about a change in design methods. Only by paying
attention to the importance of building design in ensuring the intelligent building environment and continuously giving it new content and functions with
the development of science and technology, can the
overall goal of intelligent building be achieved. This
article is based on the analysis and research of the
influence of high-tech on the changes of the built environment, the form of spatial structure and the mode
of spatial compositiona conceptual model which aids

ABSTRACT
Intelligent building design is the future of
building industries. Most modern public and residential buildings are planned with the objective of decreasing expenses by reducing energy consumption.
Because of the lack of practical context inclusive of
the factors that regard the design of such systems, a
comprehensive framework containing the convoluted criteria is demanded as a decision-making tool.
This article is based on the analysis and research of
the influence of high-tech on the changes of the built
environment, the form of spatial structure and the
mode of spatial compositiona conceptual model
which aids in reducing the carbon dioxide emissions
is proposed.

KEYWORDS:
Smart cities, Sustainability, Intelligent buildings, Design

INTRODUCTION
Human interactions with the environment,
chanUpon research, it is recognised that buildings
documented an astonishingly high of 41% of energy
consumption in the United States [1-3]. However, in
2004, in EU, it is recognized that building consumption was documented as 37% of final energy, which
on its own is larger than that documented for industrial sectors (28%) and that of transport reaching
(32%). Also, the amount of energy usage in buildings of the United Kingdom rises faintly higher than
that of the European figure (39%) [4-8]. Still, there
remains effective and eye-catching chances to lessen
the energy use of buildings’ while being cost effective and having noticeable returns than those of other
sectors. Consequently, these reductions aided in
achieving the International Energy Agency’s (IEA),
which is summarized in reaching 77% reduction of
the carbon footprint on earth in comparison to the
baseline provided in 2050 and are considered to be
essential factors in reaching this goal [9]. This meets
the target of the Intergovernmental Panel on Climate
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in reducing the carbon dioxide emissions is proposed.

tention to the efficiency, comfort, and welfare of employees.
Changes in the concept and form of architectural space. Conferring to the research conducted by
Wigginton and Harris, 'there exists more than 30 separate definitions of the term' intelligence 'when it is
relative to buildings'. Another research done on Intelligent Building Automation in Construction states
the most common theoretical and practical definitions of the term 'intelligent building' such as "Intelligent building is any building that provides a responsive, effective and supportive environment
within which the organization can achieve its business objectives". Still, the IBI, which is also known
as the Intelligent Building Institute (IBI) of the
United States, as well as the UK-based European Intelligent Building Group (EIBG), proposed that the
most accepted definitions of the term can be summarized as: "one which provides a productive and costeffective environment through optimization of its
four basic elements including structures, systems,
services and management and the interrelationships
betwe en them ". Another mentioned definition
would be:" one that creates an environment which
take full advantage of the efficiency of the building's
occupants, while at the same time enabling competent management of resources with the least possible
life-time costs of hardware and facilities ". The former definition, belonging to the IBI, stresses the advantages that the owners get and sheds light on their
commonly preferred indoor environment. On the
other hand, the latter definition stated by the EIBG
focusses specifically on the benefit of the users and
the production of necessary and adequate indoor environment for occupants. Nonetheless, both definitions are devoted to put the benefit of the managers
in the spotlight as well as bringing the environmental
and economic effect of fashioning favoured indoor
environment to center stage.
With the application of high and new technology in architecture, the internal space and external
image of the building are allowed to change, and various changes in nature are allowed, so that the building is as metabolism-like as life, and exerts its role
for a long time, improving the flexibility and adaptability of the building. Its characteristics are prominently shown in the following: the transportation and
equipment of the building are separated from the
structural system as much as possible, making the
structural system more flexible and changeable, and
at the same time, the various systems are organically
combined to provide possibilities for building
maintenance, reconstruction, and expansion; The
flexible division of outer space provides the possibility; it provides the possibility for changes in the nature of space use and equipment installation. Make
the building a multi-level and orderly dynamic open
structure system (Figures 1 to 3).

MATERIALS AND METHODS
Data & source. This study has employed
World Development Indicators data set of China of
1993–2017 to measure the dynamic impact of building on environmental pollution. For the environmental pollution proxy, we (the authors) have considered
CO2 emissions per capita in metric tonnes. Moreover,
we have considered energy use (EU, kg of oil equivalent per capita).

RESULTS AND DISCUSSION
Intelligent architecture is the development direction of architecture in the digital era. It has
brought a certain degree of new development to design concepts and methods. It will also fundamentally or from a deeper level on the building's creative
thinking, architectural aesthetics and Architectural
culture has an impact. The academic research of intelligent buildings mostly focuses on the automation
technology level of equipment, systems, wiring, etc.,
and the problems of such aspects as the intelligence
of the building itself, the adaptability of the building
and intelligence, and the environmental impact and
control of the intelligent building, lack of sufficient
depth, system, Comprehensive research has led to
some misunderstandings in understanding and practice.
High technology changes the environmental
form and space form of buildings. High technology changes the shape of the environment. The office environment is a product of industrial society.
Technology, management and environment are inseparable. Environmental change, technology is the
first driving force. High technology has entered people's daily life and has developed rapidly. Networked
communication technology has transformed the
company's form and the working methods have also
begun to change. The development of information
technology has led to changes in occupational patterns. Contract workers and part-time workers will
have an advantage. Individual companies and independent consultant services will expand. The development of information technology has caused
changes in office concepts. The traditional "stability" is the norm, and now it has become the "change"
is the norm. The layout of the working environment
has changed from adopting a traditional private-level
strategy to an open shared strategy. The boundaries
between living and working environments tend to
blur. Pay attention to sharing benefits, that is, pay at-
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Spatial Planning. In order to achieve the comfort of the activity space and easily meet various requirements; suitable for the precise requirements of
the automatic control system to meet the needs of energy saving; provide information and communication automation system environment that can improve work efficiency; provide convenient and efficient auxiliary work environment, the following
principles must be adhered to:

FIGURE 1
Contour Plot of CO2 emission (million KW) vs
D, C

FIGURE 3
Contour Plot of CO2 emission (million KW) vs
C, B
(1) The office hardware conditions are being
improved year by year. In order to be used flexibly,
the hardware should be able to communicate, interchange and have strong compatibility; (2) According
to the urgent needs of processing and the importance
of the device, it is reasonable. After determining the
allocation rate or commonality, determine the space
level. When necessary, the area can be opened in
time and the various areas can be flexibly connected.
(3) The building structure, building network and
even network facilities should be flexible; (4) The
office space layout must be private and private. Although there are many requirements for openness, we
must consider that the types are basically the same.

FIGURE 2
Contour Plot of CO2 emission (million KW) vs
D, B

Space efficiency. The “nucleus” that centralizes vertical transportation and pipeline equipment in
high-rise buildings and plays an important role in the
structural system determines the spatial composition
mode of high-rise buildings. A large number of computers and telecommunications equipment are used
in intelligent buildings. The optical cables and computer network pipeline wells, wiring boxes, relay devices, etc. must be set at three or more levels on each
floor to be reasonable. In order to meet the needs of
frequent changes in mechanical and electrical equipment, the building began to decentralize the "nucleus" and separate multiple equipment rooms and

Intelligent space planning and design. Intelligent buildings shape the effectiveness and charm of
spaces in a deeper, wider, more intuitive and more
comprehensive way. It is changing the traditional
spatial relationship of architecture, and is changing
the relationship between people and architecture.
The dispersion and separation of the core tube and
the intervention of the atrium space have completely
changed the spatial composition model of intelligent
buildings.
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pipeline wells in order to facilitate local changes,
structural earthquake resistance, evacuation and
evacuation, and create greater use of space. The
shape and shape of the building are determined by a
series of factors such as site constraints, economy,
the requirements of the owner / tenant, and the architect's creativity. It further affects the depth of the
building, the degree of use of the building, and the
efficiency of the owner / tenant.
Natural light environment. Developing natural light, further improving the layout of the internal
light environment, and improving the quality and efficiency of light are one of the goals of transforming
the living environment. The quality of light is measured by factors such as brightness, uniformity, light
color, and diffusion. A good light environment,
whether natural or artificial, should be free of glare
and shadows, give people visually acceptable brightness, and reach a normal level of white light that does
not cause eye fatigue. On the basis of a certain illumination standard, the ideal uniform spherical projection light, eliminating the glare and shadow conditions, is the best environment lighting realm. Uniform light is better than point light, natural light is
better than artificial light. The ambient light source
uses natural light instead of artificial light, or artificial light is close to 80% to 90% of the natural light
color, which is a better choice. In order to understand
the indoor lighting distribution phenomenon and the
relationship between lighting utilization and energy
conservation, we need to carry out studies on the influence of factors such as the type of window opening (shading), the number of opening windows, the
window opening rate, and the ratio of sunshade
depth, etc. reference.
Intelligent building daylight lighting control
strategy: (1) Use natural light as much as possible,
supplemented by artificial lighting when needed.
Members of the design team should coordinate and
support each other, and master the basic schemes and
methods to integrate the performance control of effective daylight lighting and artificial lighting. (2)
Adjust daylight lighting so that it appears in corridors, lounges, entertainment areas, and other public
spaces where the color, intensity, and direction of
light change. As for other spaces where lighting
quality is important for visual work efficiency, In offices and conference rooms, it is necessary to
properly control the brightness and light direction of
daylight lighting. (3) Daylighting methods can be coordinated with other building systems or design
strategies, such as HVAC systems that combine human sensors, light sensors, adjustable electronic rectifiers, and building energy management systems, including natural ventilation, passive solar radiation,
power supply heating and cooling, sound control
systems, electrical lighting systems, etc (Figures 4
and 5)

FIGURE 4
Contour Plot of CO2 emission (million KW) vs
D, A

FIGURE 5
Contour Plot of CO2 emission (million KW) vs
B, A
Current development status of intelligent
buildings. Technology and management system.
China's intelligent building is still in its infancy. Because it is still in the development stage, there are
many opportunities for development, but there are
still some shortcomings in technology, that is, its intelligent technology cannot meet the needs of construction engineering. s level. Therefore, there are
great loopholes in its construction process, energy
management and application, and it is precisely because of this shortcoming that intelligent buildings
cannot achieve the goal of energy saving. In addition,
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due to the specific implementation process of energy-saving technologies by enterprises and how to
detect whether their buildings are truly energy-efficient, there is no relevant institutional guarantee to
ensure their implementation strength. Faced with
many problems in the process.

CONCLUSION
An increasing number of studies reveal that
building industries makes a substantial contribution
towards socioeconomic growth and development of
economies. However, building industries steered
economic growth and development is achieved at the
cost of environmental pollution and degradation.
This article is based on the analysis and research of
the influence of high-tech on the changes of the built
environment, the form of spatial structure and the
mode of spatial compositiona conceptual model
which aids in reducing the carbon dioxide emissions
is proposed.

A waste of resource. In the specific construction process, the selection of construction materials
is only based on the quality of the materials and
whether they meet the requirements of intelligent
building construction. At the same time, the amount
of required materials is not budgeted well, resulting
in a large amount of material leftovers, so that Add
staff to perform maintenance management. This is a
phenomenon of waste of human resources, which
undoubtedly increases the investment cost of enterprises, making it more difficult for energy-saving
technologies to be implemented in intelligent buildings, and the waste of building materials violates the
concept of building energy efficiency.
On the other hand, in addition to the waste of
materials, the implementation of energy-saving technologies has become more difficult, and the imperfect management system of energy-saving technologies has also affected the implementation of energysaving technologies. At present, it is only possible to
improve and implement building energy-saving
technologies by starting with the relevant institutional guarantees of the construction unit of intelligent buildings and their designers and enterprises
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time after their introduction[5].Pb is easily
adsorbed in soils[6], and a higher level of Pb
(80~240 mg·kg-1) in soils can affect the healthy
growth of plants, inhibit photosynthesis, and disturb
plant water and nutrient balance[7, 8]. Similarly, Pb
enters the human body through the food chain and
causes severe safety and health problems such as
damage to the nervous system and digestive
system[9]. The effect of heavy metal pollution on
soils on plants has caused widespread concern and a
large number of related studies and experiments
have been performed[10].
In agricultural production, activities such as
the application of chemical or organic fertilizers,
sewage irrigation, sludge composting, and use of
pesticides can cause soil Pb pollution. Some studies
have found that the single or combined use of
nitrogen, phosphorus, and potassium fertilizers will
change the physical and chemical properties of soil
pH, thereby significantly increasing the absorption
and accumulation of cadmium, Pb, copper,
manganese, and zinc by plants[11]. Wheat is the
most domesticated-cultivated-food crop and it is
considered the most important human food grain
source. As other plants, wheat is sensitive to
various biotic and abiotic factors like, heavy
metals[12, 13]. Heavy metals have many direct and
indirect damaging effects on plants growth[14].
Therefore, in this study, corn straw, rice straw,
pig manure, sludge and organic fertilizer were
applied to the soil instead of chemical fertilizer.
Combined with different irrigation amount, the
effects of fertilization mode on wheat biomass and
lead transport were studied, and the importance of
water and fertilizer rational irrigation on
agricultural activities was studied.

ABSTRACT
Fertilization and irrigation greatly affect the
soil heavy metals bioavailability and thereby the
transport and uptake by plants. In this study, pot
experiments of wheat were conducted to investigate
the effects of fertilization five organic materials
such as corn straw, rice straw, pig manure, sludge,
partially instead of chemical fertilizer, and
irrigation on the transport characteristics of lead in
the soil-wheat system. The results showed that
compared with control, the combined application of
organic and chemical fertilizer and irrigation (OCI)
increased the fresh weight and dry weight of wheat
by 0~51% and 0~46%, respectively. The OCI mode
inhibited the accumulation of lead by wheat, with
the decreases of 0.01%-7.7% in the wheat lead
accumulation. The bioavailable parts of lead in soil
was reduced by 3%-23%. The combined
application of rice straw and flat year water
irrigation performed well in the inhibition of lead
transport from soil to wheat. This study provides an
effective fertilization and irrigation mode for the
reduction of heavy metal transport from soil to
crop.

KEYWORDS:
Organic fertilizer replacing inorganic
Fertilization, Irrigation, Pb, Wheat, Migration

fertilizer,

INTRODUCTION
Heavy metal pollution has become a global
environmental concern due to the activities of
industry and agriculture production. Cadmium (Cd)
and lead (Pb) are most concerned heavy metals[1],
because of their high persistence and toxicity[2-4].
Unlike organic pollutants that can be easily
degraded to harmless small molecules, heavy
metals belong to a group of immutable, nonbiodegradable, inorganic chemical constituents and
their total concentration in soils persists for a long

MATERIALS AND METHODS
Soil preparation. The soil used in the
experiment was taken from the surface layer (0 ~
20cm) of some dry mixed soil in Qingdao, and the
main crop types were wheat and corn. The roots,
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stems and leaves of plants in the soil were removed,
dried naturally and screened for 60 mesh and 100
mesh before being used for potting. The fertilizer
used in the experiment includes corn straw, rice
straw, pig manure, sludge and commercial organic
fertilizer. Its physical and chemical properties are
shown in Table 1.

Sample collection and analysis. After 30
days of wheat culture, the aboveground and
underground parts of wheat were separated with
scissors, the fresh weight was weighed, and then the
IUHVKVDPSOHVZHUHSODFHGLQWKHRYHQDWႏIRU
30 PLQXWHV DQG WKHQ GULHG DW  ႏ IRU  KRXUV
After the dry weight of each part of the samples
was determined, they were cut and prepared. Fourpoint sampling method was used to take soil from
the upper part and the bottom of the flowerpot
respectively. After natural air drying, the soil was
screened for 2 mm.
The plant samples were digested by HNO3
and HClO4 (V (HNO3): V (HClO4) = 4:1), and the
Pb content was determined by flame atomic
absorption spectrophotometer after the digestion
solution was fixed volume[15-17]. For soil samples,
the content of Pb in the soil is determined by
digestion method; DTPA method and water
extraction method are used to determine the two
forms of Pb in the soil: DTPA leaching state and
water-soluble state, and the content is determined
by flame atomic absorption spectrophotometer; for
soil physical and chemical properties, the pH of the
soil is determined by potential method (soil liquid
mass ratio is 1:2.5); for soil organic matter, the
burning method is used.

Pot experiments. According to the traditional
fertilization ratio in North China, inorganic
fertilizer was applied in the proportion of N: P: K
15:4:2, combined with the content of organic matter
in fertilizer, six groups of treatments (Fig.1) were
set up, each group was set up with three parallel,
according to the observation data and statistical
data of Qingdao Meteorological Bureau and the
volume of flower pot, three irrigation methods were
set up, flat water year 40mm, dry water year 30mm
and conventional irrigation 80mm. Mix the
additives and soil well and put them into plastic
flowerpot for one week. The wheat seeds and
artificial incubators were cultured to the seedlings,
according to 10 plants per pot, transplant them into
the pot, and cultured in artificial culture (simulating
natural light, environmental temperature of 20~35
ႏ  (YHU\ WZR ZHHNV WKH ZKHDW ZDV LUULJDWHG
according to three irrigation methods, and the plant
growth was observed regularly, and the water was
supplemented according to the lack of water in the
basin.

TABLE 1
Physical and chemical properties of soil and fertilizer
Sample
Soil
Corn stalks
Rice straw
Sludge
Pig manure

Latitude
36.973N
-

Longitude
119.767E
-

pH
7.64
6.67
7.90
6.00
8.17

CEC/(cmol· kg-1)
6.99
21.5
26.8
412
7.92

Pb/(mg· kg-1)
36.41
36.48
36.93
36.45
36.75

FIGURE 1
Pot experiments design
(CK, C, R, S, P and O represent the control and the treatments with corn straw, rice straw, sludge, pig manure and the
commercial organic fertilizer, respectively. The inorganic fertilizer is N: P: K is 15: 4: 2; 1, 2 and 3 represent the irrigation
mode with different water amount in dry year, flat year and conventional year, respectively.)
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Date analysis. Transfer factor (TF) has been
used for transition of metals from soil to plant
tissues. TF is described as an obtained
concentration of metal in plant tissues divided by
metal concentration in soil. The transfer factor from
soil in plant was calculated by the formula:

where,

=transfer factor,

9.9%~54.1%. Among them, the effect of R
treatment was the best, reaching 1.56g, while the
average irrigation and dry season irrigation. The
fresh weight of wheat roots decreased by
6.6%~0.7% and 13.6%~44.9%, respectively. The
fresh weight of wheat roots decreased most by P
treatment and O treatment. This shows that R
treatment and conventional irrigation have the best
effect on wheat biomass. Commercial organic
fertilizer is detrimental to wheat growth, and
excessive or too little irrigation is not conducive to
wheat growth.

=metal

concentration in plant (mg·kgí1),
=metal
FRQFHQWUDWLRQLQVRLO PJāNJí 
Soil and wheat data were analyzed using
ANOVA followed by SPSS (SPSS Inc, version
16.0), with significant differences determined at the
p < 0.05.

Effects of fertilization and irrigation on
lead accumulation in wheat. The absorption
coefficient can indirectly reflect the migration
characteristics of heavy metals in the soil-plant
system. The absorption coefficient refers to the
ratio of the concentration of a certain element in the
leaves of a plant to the background value. As shown
in (Fig.3), compared with CK, in the plain water
year, the absorption coefficient of wheat in the Rtreated soil decreased by 2.2%, and the absorption
coefficient of wheat in other treatments increased
by 1% to 3.2%; in the dry season, the absorption
coefficient of wheat The overall reduction is
reduced by 0~6.1%; for conventional irrigation, the
absorption coefficient of wheat treated with C only
decreased by 6.5%, and the absorption coefficient
of wheat treated by other treatments increased by
5.5% to 7.7%. It can be seen that the order of the
inhibition effect of wheat on the absorption
capacity of Pb is conventional irrigation + C> dry
year + O> dry year + C, R, P> plain year + R.
Because the absorption coefficient of irrigation for
wheat is not significantly different (P> 0.05), the
absorption coefficient of fertilization for wheat is
significantly different (P <0.05). the best.

RESULTS
Effects of fertilization and irrigation on
wheat biomass. As shown in Figure 2, the fresh
weight and dry weight of the aboveground and the
underground parts of wheat at harvest are
significantly different under different fertilization
modes. After the application of organic fertilizer to
the aboveground part, compared with CK, the fresh
weight of wheat in the flat water year shows an
overall upward trend, increasing by 1.4%~16.8%;
in the dry year, compared with CK, the fresh weight
of wheat treated by R, S and P increased by 26.1%,
17.9% and 13.5%, respectively. The fresh weight of
wheat treated with O decreased by 24.9%; under
conventional irrigation, compared with CK, only
the fresh weight of wheat treated with C and P
increased by 2.2% and 11.3%, respectively. In the
underground part, compared with CK, only the
conventionally irrigated wheat root fresh weight
showed an upward trend, an increase of

FIGURE 2
Effects of fertilization and irrigation on wheat biomass.
(Above the abscissa is the above-ground part of the plant, below the abscissa is the root of the plant.)
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FIGURE 3
Effects of fertilization and irrigation on lead transfer factor in wheat.

FIGURE 4
Effects of fertilization and irrigation on leaching and bioavailable lead
conventional irrigation, and both reached a
significant level (P<0.05), indicating Application of
organic fertilizer can promote soil Pb leaching. This
may be due to: (1) the organic fertilizer itself and
the soluble organic matter released during the
decomposition process can inhibit the adsorption of
Pb by the soil, thereby increasing its effective state
content; (2) the organic fertilizer can improve the
soil roots and microbial activity, promote root And
microbial secretions, which can activate heavy
metals.
It can be seen from Fig.4 that under the three
irrigation modes, compared with CK, after applying
organic fertilizer, the Pb content in the soil

Effects of fertilization and irrigation on the
leaching and available lead in soil. The content of
DTPA leached and water-soluble state of soil Pb is
shown in Fig.4. The DTPA leaching state of soil Pb
did not change as a whole, but the water-soluble
content of soil Pb showed an overall upward trend.
The highest water-soluble content of Pb in normal
water was 0.10 mg·kg-1, and the highest watersoluble content in dry water was 0.14 mg·kg-1. The
maximum water-soluble content of Pb in
conventional irrigation is 0.20 mg·kg-1. Compared
with CK, the DTPA leaching state of Pb increased
by 1.4% and 3.6% in normal and dry years,
respectively, and decreased by 6.8% in
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increased significantly (P <0.05). The Pb content in
the soil existed in the form of water-soluble state;
fertilization could not significantly increase (P>
0.05) the soil. The medium Pb exists in the DTPA
leached state, and after applying organic fertilizer,
the DTPA leached state content of Pb in the soil
does not change much. This shows that the
difference in heavy metal content in wheat is
mainly due to the difference in available heavy
metal content in the soil, not just the difference in
plant biomass. This is consistent with previous
studies that the effective content in soil and heavy
metal in plants. The content has a good correlation
and the views are consistent.

resistance, severe water deficit will still reduce the
plant's ability to repair heavy metal contaminated
soil. In this experiment, fertilization was not
significant for wheat DTPA leaching state, and
irrigation was not significant for wheat dry weight
below ground. However, the interaction between
fertilization and irrigation was significant for Pb
DTPA leaching state in soil, for wheat. Biomass is
significant. Through the measurement of wheat
biomass, the movement of Pb in the wheat body
and the rational index of the soil, it was found that
reasonable fertilization and irrigation increased the
organic matter of the soil and lowered the pH of the
soil to near neutrality[22], thereby reducing the Pb
in the wheat. The migration coefficient has a
positive effect on reducing heavy metal pollution in
the agricultural environment.

DISCUSSION
This experiment was designed based on equal
total fertilizer and total organic matter, and
researched with different irrigation volume.
Through the measurement of wheat biomass and
the movement of Pb, it was found that especially
the soil with straw applied in the average water year
has a good inhibitory effect on the movement of Pb
in the wheat body[18]. In this experiment, it was
found that the application of sludge on wheat
biomass and Pb migration is not very obvious. It
may be considered that the sludge is air-dried and
grinded to add to improve the absorption of organic
matter in the sludge by plants. Recent studies have
shown that heavy metals can exist in soil in many
chemical forms, and plants absorb only certain
forms of heavy metals, there is a shortcoming in
using the total amount of heavy metals to evaluate
plants' absorption potential of heavy metals in soil.
Many researchers have gradually realized the
importance of using the effective state as an
indicator to evaluate the pollution risk of
agricultural products, and began to attach
importance to the study of biologically effective
heavy metals.
Through the interaction between irrigation and
fertilization modes, the importance of simultaneous
management of water and fertilizer was discovered.
Past studies have found that plants' ability to absorb
heavy metal contaminated ions in the soil is
affected not only by its own genetic mechanism,
but also by the composition of the rhizosphere
microflora[19, 20]. Most plant roots absorb far
more pollutants than canopy. Usually water stress
will promote the increase of plant root density, and
the increase of root density increases the chance of
contact between the root system and heavy metal
pollutants. That is, moderate water stress during the
non-critical water demand period will help increase
the root density of super enriched plants Thereby
promoting the absorption and accumulation of
heavy metal pollutants by plant roots[21]. Although
some super-enriched plants have strong drought

CONCLUSION
(1) Compared with CK, the combined
application of organic fertilizer and chemical
fertilizer increased the biomass of wheat and
promoted the exudation of soil Pb. Fertilization and
irrigation had significant effect on the water-soluble
state of soil Pb (P < 0.05), but had no significant
effect on the DTPA extraction state of soil Pb (P >
0.05).
(2) The interaction between irrigation and
fertilization patterns had significant effects on
wheat biomass and Pb transport (P<0.05). In
summary, both irrigation and fertilization modes
can significantly affect wheat biomass and Pb
transport in wheat, while irrigation can significantly
change the effects of fertilization modes, and vice
versa, indicating the importance of simultaneous
management of water and fertilizer.
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However, the air volume measurements obtained
from these sensors have large errors [7].
In a conventional on-line monitoring system,
the single point air velocity is measured by a sensor,
and then the air volume is calculated by the product
of the single point velocity and area[8]. This process
provides essentially a single-point estimate of the average air velocity in the tunnel[9]. Besides the measurement accuracy of the sensor itself, on-line monitoring error primarily stems from two sources. First,
the sensor always fluctuates randomly due to turbulence, and thus, the air velocity at the measurement
point cannot be determined accurately[10]. Second,
there is a large error between the air velocity at the
single point where the sensor is located and the average air velocity in the tunnel, and there is no reasonable correction method[11-12]. The correction
factor is used to get the average air velocity, the average air velocity is defined as

ABSTRACT
Air volume is the most important basic parameter for mine tunnels. On-line monitoring technology
using suspended sensors is an important way to observe underground air volume distributions in realtime. However, monitoring at a single point is not
sufficient to represent the average air velocity in a
tunnel. This paper examines a new measure of average velocity based on the air velocity field in the tunnel particle image velocimetry (PIV) and simulation
technology by open-source codes OpenFOAM. The
results show that the single-point velocity is proportional to the average velocity, and the ratio coefficient only is related to the shape of the tunnel. This
study has important theoretical significance and
practical value for improving the accuracy of the online monitoring of air volume in tunnels.

KEYWORDS:
Single-point air velocity, average velocity, mine tunnel,
PIV, OpenFOAM

Ccenterline

Vaverage
Ccenterline

A correction factor of 0.9 is recommended by
Kingery[13], while 0.8 is recommended by McPherson[14-15] measuring plane. Using a single correction factor for all the locations will produce certain
errors in the calculation of the average air velocity
from the sensor readings[16]. But the sensors must
be fixed at the specified location. Therefore, a fundamental way to improve the accuracy of on-line
monitoring is put forward by measuring the singlepoint air velocity and converting this measurement
to the average air velocity in the tunnel.
In this study, the distribution characteristics of
the flow field in a tunnel were measured by particle
image velocimetry (PIV) and numerical simulation
by using open-source codes OpenFOAM. Combining these measurements, the accuracy of air average
velocity measurements in the tunnel was examined
by analy]ing the characteristics of the flow field,
which will provide basic parameters for determining
the real flow conditions in the tunnel.

INTRODUCTION
Many accidents in the coal mine, such as gas
explosion, dust explosion, and fire et al, are caused
by ventilation failure[1-2]. To ensure the safe and
stable operation of the ventilation system, it is
necessary to obtain the basic ventilation parameters
such as air volume, air pressure, and ventilation
resistance[3]. The air volume must be tested to
reasonably control and distribute underground air
volume and ensure the safety of underground
operators. It is critical to measure the air volume in
tunnels for the ventilation management of mines[4].
With the development of informatization, air volume
on-line monitoring technology has become a significant method for improving ventilation management
and ensuring good working conditions. Based on
monitoring data from sensors, the distribution of air
volume can be obtained, and even faults in the ventilation system can be identified and predicted[5-6].
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1 r
(3)
u c  2S r  y dy
S r 2 ³0
When y r , the velocity of the fluid at the
V=

axis of the pipe is maximum; this velocity is defined
as follows:

c
umax
U*

5.76 lg

rU *
 5.4452
Q

(4)

When Equation 2 minus Equation 4, we can obtain the relationship between the velocity at a single
point
and
the
maximum
velocity,

c
u c-umax
U*

5.76 lg

y
. The simplified formula is as
r

follows:

c 
u c umax

U*

H

In Equation (5),

ln

1

H

y
r
5.76
ln10

(5)

2.502.

Substituting Equation (5) into Equation (3) like
above. At the beginning of the page.

is

is the
we obtain Equation (6) as follows:

U is the air density(kg/m3);

§ y·
w ¨ ¸ is called "law of the wake"(which is given
©G ¹
2
by 2sin S y /2G .

yU
uc
0.2
5.76lg *  5.1  u 2sin 2 S y /2G
U*
0.4
Q

0.4 [22], we can obtain the result

G
2
that sin S y /2G
0.3452 . So the simplified
yU
uc
5.76 lg *  5.4452 . If the
Equation 2 is
U*
Q

(1)

Ww / U

y

When

Where u c is the velocity at a single point
(m/s)[21]; N is Karman constant, N 0.4 [22]; y
is the distance away from the wall (m); Q is the kinematic viscosity coefficient (m2/s); 3 is the "profile" parameter(which is given as 0.2[23] and B=5.1);

G



r

0

1.5U *

Theoretical analysis of air velocity distribution in a tunnel. In the field of fluid mechanics,
semi-empirical theoretical formulae for fully developed turbulence in pipes have been developed,
which gives satisfactory results in comparison to actual flow fields under certain conditions. Based on
the laws governing fluid flow in pipes, the mathematical relationship between the air velocity at any
point and the cross-sectional average air velocity in
the pipe has been derived.
Prandtl studied the relationship between Reynolds stress and average velocity in turbulence by using the relationship between viscous stress and velocity gradient in the theory of molecular motion,
which led to the Prandtl mixing length theory. In the
fully turbulent part of the inner region, it is concluded that the velocity profile in the fully developed
turbulent core region of a circular pipe is a logarithmic curve meeting the distribution equation of von
Karman-Prandtl[17], which is expressed by the following formula[18-20].

uc
U*

r

1
c y2
umax
2

³

V

c 
umax

1.5U *

H

(6)

Subtracting Equation (6) from Equation (5), we
obtain the relationship between the velocity at a certain point and the maximum velocity, as follows:

(2)

uc V 

172

U* § y
·
¨ ln  1.5 ¸
H © r
¹

(7)

© by PSP

Volume 30– No. 01/2021 pages 171-180

Fresenius Environmental Bulletin

According to the definition of friction velocity,
the relationship between dimensionless friction velocity and average velocity is as follows[21]:

V 2 2
=
U*
O

very small, it is almost a straight line on the macro
level. In a word, in the fully developed turbulent
flow, the relationship between the air velocity at any
point in the cross-section u c and the average air velocity V is nonlinear, but it can be simplified as a
direct ratio relationship. When the air velocity
changes in a wide range, the error caused by this simplification is very weak, and this relationship is approximately unchanged over the small range of variation in air velocity[26]. Thus, the air velocity at any
point is approximately proportional to the average
air velocity.

(8)

where O is the frictional resistance coefficient.
The empirical formula for the frictional resistance coefficient in a hydraulically smooth pipe is
given by Blasius[24]which is holds for

6 u 103  Re

2V G

Q

 6 u 105 [25]. based on a

large number of experimental data, as follows:

8W
O = w2 =4 u 0.073Re0.25
UV

0.292
Re0.25

7

6

(9)

5

u'(m/s)

Substituting Equation (8) and Equation (9) into
Equation (7), we obtain the relationship between the
air velocity at any point and the average air velocity
in a circular pipe section as follows:

uc
y
§
· 0.292
1  ¨ 0.885ln  1.328 ¸
0.25
r
V
©
¹ Re

r
r/2
r/3
r/4
r/5
r/6
r/7
r/8
r/9
r/10

4

3

2

(10)

1
1

2

3

4

5

6

V(m/s)

When the influence of external temperature and
humidity is ignored, the viscosity coefficient of fluid
motion, Q , is constant, that is, the Reynolds number,
Re , is a single value function of the average veloc-

FIGURE 1
Relationship between average
and point velocities

uc
is a function of the disV
uc
tance from the wall and V . If
k , and k is a
V
function of y and V , then it can be simplified as
u c k V  V if y is a fixed position. There is a

ity, V . So it shows that

MATERIALS AND METHODS
Experimental model. Based on the similarity
theory, the experimental model is designed according to a certain scale. The pipeline model is made of
a 5 mm thick organic glass with good light transmittance. By adjusting the opening angle of the inlet
valve to change the air volume and installing rectifier
grilles at both the inlet and outlet of the tunnel model,
unsteady flow caused by the actual fan vibration and
changes in the operating conditions is avoided. The
flow at the measurement point has a stable and fully
developed turbulent state when the distance between
the measured section and the inlet is 40 times more
than the hydraulic diameter of the pipe. The size of
the section is 0.2 m × 0.2 m, and the total length of
the testing section is 7.2 m. A recycling-type air supply is adopted for the ventilation mode of the experimental testing model. The testing side section is 6 m
away from the entrance. The model primarily is
made up of a ventilation fan, an air volume regulating valve, a flowmeter, a tracer particle spreading device, a testing section, and a connection pipeline, as
shown in Figure 2 and Figure 3. The PIV provided
by Dantec company is used to monitor airflow, speed
measuring range is -280~400 m/s and the error is
0.5%. It is mainly composed of laser, Timing circuit,

non-linear relationship between the air velocity at
one point u c and the average air velocity V in the
section.
According to Coal Mine Safety Regulations,
the allowable air velocity of the underground tunnel
is 0.2515 m/s. To illustrate the relationship between

uc

Q

and
,
if
and
r 4m
V
1.48 u105 m 2 / s (at 20qC), the range of var-

iation of the average air velocity is 0.256 m/s. Figure 1 shows that the air velocity at any point varies
with
the
average
air
velocity
at

y r , r / 2, r / 3, r / 4, r / 5, r / 6, r / 7, r / 8, r / 9 and r /10
in accordance with equation(10). After the fluid
passes through the import section, the flow is
formed, and the flow reaches full development,
known as the fully developed flow. ݑᇱ increases linearly with

k V  V , because the slope change is
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camera, three-dimensional coordinate moving system and software system.

The smoke particles of a sacrificial incense are
used as tracer particles in PIV velocity measurement
system[27]. The characteristics of PIV technology is
beyond the limitations of single-point velocity measurement technology (such as LDA), which can record a large number of velocity distribution information on the same transient point.
In the experiment, the experimental apparatus
consists of computers, lasers, cameras and testing
pipelines. The testing pipelines are equipped with a
fan and regulating valve. The specific experimental
scene is shown in Figure 3[28].

Experimental condition. In the experiment,
the air volume regulating valve was adjusted to control the air volume passing through the flowmeter to
obtain the cross-section average air velocity. In order
to further analyze the distribution of air velocity, the
airflow through the flowmeter is adjusted to 0.06,
0.088, 0.14, 0.168, and 0.208 m3/s, the average air
velocity in the cross-sections are 1.5, 2.2, 3.5, 4.2,
and 5.2 m/s, respectively.

1.PC; 2. Timing circuit; 3. Camera; 4. Laser; 5. Testing pipelines; 6. Fan; 7. Regulating valve;
FIGURE 2
Experimental apparatus

a. PIV system

b. tunnel model

FIGURE 3
Experimental set-up
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FIGURE 4
Velocity distribution of airflow in the straight tunnel section.

[28] ( v = 1.5 m/s).
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FIGURE 5
Velocity profiles of the straight tunnel under the different air velocities
was greatly affected by the flow boundary when approaching the sidewalls.
The air velocity distribution along a central vertical line in a side section is shown in Figure 5. The
distribution has the characteristic symmetry between
the upper and lower regions, and the maximum value
occurs in the centre of the tunnel. The velocity
slowly decreases away from the centre of the tunnel
and rapidly drops to zero when the viscous bottom
layer near the wall is reached. Therefore, the velocity
distribution of the turbulent flow is a regular nonuniform distribution other than within the viscous
sublayer, but the degree of non-uniformity is relatively small, which is favourable for the test of average velocity. However, this ideal flow environment

Distribution characteristics of air velocity in
the tunnel cross-section. The isolines depicting the
cross-sectional air velocity distribution are rings of
closed curves, and these rings were approximately
square, as shown in Figure 4, which indicates that the
cross-sectional velocity contour isolines correspond
to the shape of the section[2].The observed velocity
reduces from the centre towards the sidewalls of the
tunnel, and although the highest velocities occur in
the central area of the section, the maximum value is
not quite obvious. The average air velocities are observed on the side walls of the tunnel. In addition,
the velocity gradients are steeper near the sidewalls,
which indicates that the distribution of air velocity
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FIGURE 6
Physical model of tunnel

FIGURE 7
Cross-section velocity distribution ( v = 1.5 m/s)
is hard to achieve even in the underground air measurement station. The non-fully developed turbulent
condition is commonly encountered underground.

fluid, and the air density is constant. It is assumed
that there is no heat exchange between the airflow
and the tunnel wall, and there is no other mass source
input except the entrance boundary, and there is no
air leakage. The roughness of the tunnel wall along
the way is the same[30]. The Reynolds time-averaged mass conservation equation, momentum conservation equation and standard k-İ WXUEXOHQFH
model equation are established to calculate the turbulent flow and diffusion process of tunnel airflow.
The tunnel model includes an airflow inlet and an
airflow outlet. The rest faces are wall faces. The airflow inlet serves as the model boundary inlet, the airflow outlet serves as the model boundary outlet, and
the tunnel wall faces are fixed boundaries. The entry
type is Velocity-inlet and the exit type is Pressureoutlet. The wall is assumed to be slip-free and adiabatic. The side section is 28m away from the air inlet.
The temperature of the air in the experiment is constant. The average air velocities in the cross-sections
are: 1.5, 2.2, 3.5, 4.2, and 5.2 m/s.

TUNNEL VENTILATION
SIMULATION BY OPENFOAM
Simulation model establishment. A numerical investigation was performed to examine this concept using the open-source code OpenFOAM, which
solves the 3-D steady Reynolds-Average Navier–
Stokes (RANS) equations for incompressible flow
with k-e turbulence model. we use OpenFOAM to
simulate other tunnel conditions (such as changing
the tunnel shape and tunnel size). First, a physical
model of the tunnel with rough walls and arch crosssection can be obtained, as shown in Figure 6. It is
known that the roadway section is composed of a
rectangle with a length of 4 m and a height of 2 m
and a semicircle with a diameter of 4 m. The total
length of the roadway is 30 m, which is supplied by
the air inlet. And its wall is rough with an uneven
surface[29]. According to the established geometric
model, the 6-face mesh is used, and the number of
mesh elements is 1303800. The airflow in the mine
tunnel can be regarded as viscous incompressible

Analysis of simulation results. There are
closed curve rings in the cross-section velocity distribution(see Figure 7). And the shape of these rings
is approximately semicircle arch. With the increase
of the tunnel cross-section size, the isoline size of
cross-section velocity also increases, but it still has
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FIGURE 8
velocity distribution of roadway under different air velocities

a. Experimental results

b. Simulation results
FIGURE 9
Non-dimensional velocity profiles on the longitudinal axis
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FIGURE 10
Non-dimensional velocity profiles on the longitudinal axis by OpenFOAM
is nearly constant at different air velocity; moreover,
compare Figure a [21,28]with figure b, we can obtain
the same conclusions: the distribution of k is identical to that of the air velocity. Thus, we found that
the spatial distribution of k was almost the same at
different air velocity, and there was no obvious
change in the structure of the velocity field. The experimental results, as shown in Figure a, are basically consistent with the simulation results, as shown
in Figure b. When k 1 , the single-point velocity is

good ring characteristics. This discovery corresponds to the experimental results, which shows that
the contour of cross-section velocity corresponds to
the shape of cross-section. The average air velocities
were observed on the side-walls of the tunnel, which
also corresponds to the experimental results.
The result obtained by processing Figure 7
shows the air velocity distribution along a central
vertical line in a side section, as shown in Figure 8.
Compared with Figure 5, they have something in
common. The velocity decreases from the centre to
the sidewall and is distributed symmetrically. Its
shape in Figure 8 is basically the same as the experimental results in Figure 5. However, because the
cross-section of the simulated section is larger than
the experimental one, the simulated descent velocity
is slower than the experimental one.

V and its distribution is an annular structure that is
identical to the cross-sectional shape. The average
value of the air velocity obtained by the sensor was
equal to the average air velocity in the section. When
the average air velocity in the tunnel varied over a
wide range, the structure of the dimensionless velocity field at a certain section was approximately constant, and the value of k at any point on the section
remained unchanged. This observation is called the
approximate constant principle of velocity field
structure.

RESULTS AND DISCUSSION
Air velocity relationship between singlepoint and average values. It was assumed that the
relationship between any single-point air velocity
and the average air velocity in the cross-section is
linear, and the mathematical expression of the con-

Distribution characteristics of air velocity in
different sections. The airfield structure is also affected by the cross-sectional area. The length of the
3-D computational domain was 20 m, and the width
was set to different values (0.4, 0.6, 0.8,1.0, 2.0, and
4.0 m). The velocity at the inlet was 1.5 m/s, and farfield boundary conditions were adopted at the outlet.
The simulation result is shown in Figure 10. The
smaller the area of the tunnel, the longer was the
transition length. When the area of the tunnel was 0.4
m2, the transition length accounted for forty percent
of the total length. The transition length did not
change when the area of the tunnel exceeded 2.0 m2.

u c / V (where u c is the
single-point air velocity, and V is the average air

version coefficient is k

velocity). The physical meaning of the conversion
coefficient (k) is the dimensionless air velocity at
each point of the section. Herein, the lane height, h,
is the feature-length, and a dimensionless process
was applied to the ordinate. The distribution of k is
shown in Figure 9, which indicates that the value of
k at every position along the central vertical section

178

© by PSP

Volume 30– No. 01/2021 pages 171-180

Fresenius Environmental Bulletin

[4] Gao, K., Deng, L., Liu, J., Wen, L., Wang, D.,
Liu, Z. (2018) Study on Mine Ventilation
Resistance Coefficient Inversion Based on
Genetic Algorithm. Arch. Min. Sci. 63(4), 813826.
[5] Liu, J., Guo, X., Deng, L., Jiang, Q., Gao, K.,
Zhao, D. (2018) Resistance variant single fault
source diagnosis of mine ventilation system
based on air volume characteristic, J. China
Coal Soc. 43(1), 143-149.
[6] Huang, D., Liu, J., Deng, L. (2020) A hybridencoding adaptive evolutionary strategy
algorithm for windage alteration fault diagnosis,
Process Safety and Environment Protection. 136,
242-252.
[7] Liu, J., Song, Y., Li, X., Bai, C., Deng, L., Wu,
G. (2016) Experimental study on wind speed
distribution of the straight roadway and sudden
enlarged sections based on LDA, J. China Coal
Soc. 41(4), 892-898.
[8] Gao, K., Qi, Z., Jia, J., Li, S., Liu, Z., Liu, Z.
(2020) Investigation of Coupled Control of Gas
Accumulation and Spontaneous Combustion in
the Goaf of Coal Mine, AIP Adv. 10(4), 045314.
[9] Lu, G., Zhang, M., Fan, C. (2015) Analysis of
Fixed-point Wind Speed Measurement Method
Based on CFD, Coal Technology. 34(5), 156157.
[10] Huang, D., Liu, J., Deng, L., Li, X., Song, Y.
(2019) An Adaptive Kalman Filter for Online
Monitoring of Mine Wind Speed. Arch. Min.
Sci. 64(4), 813-827.
[11] Song, Y., Liu, J., Li, X., Liu, Y., Tian, R., Zhao,
C. (2016) Experiment and numerical simulation
of average wind speed distribution law of
DLUÀRZLQPLQH tunnel. China Saf. Sci. J. 26(6),
146-151.
[12] Ding, C., He, X., Nie, B. (2017) Numerical
simulation of airflow distribution in mine
tunnels, Int. J. Min. Sci. Technol. 27(4), 663667.
[13] Kingery, D. (1960) Introduction to mine
ventilating principles and practices. Bureau of
Mines. Bulletin 589, 1-58.
[14] McPherson, M. (2009) Subsurface Ventilation
Engineering, Mine Ventilation Services, Inc.,
California USA.
[15] Hartman, H., Mutmansky, J., Ramani, R., Wang,
Y. (1997) Mine Ventilation and Air Conditioning, Wiley-Interscience, New York.
[16] Zhou, L., Yuan, L., Thomas, R., Lannacchione,
A. (2017) Determination of velocity correction
factors for real-time air velocity monitoring in
underground mines. Int. J. Coal Sci. Technol. 4,
322-332.

CONCLUSIONS
The distribution characteristics of air velocity
in a section of a tunnel have been measured using
PIV experimental equipment. Theoretically, the relationship between the point air velocity and average
air velocity is non-linear. However, this relationship
can be simplified to a proportional form in the range
of air velocity experienced in a mine tunnel. The ratio coefficient can be used as a conversion coefficient between the point and average air velocity. The
spatial distribution of the coefficient reflects the dimensionless velocity field structure of the section. It
was found that the velocity field structure is approximately constant. When the shape of the tunnel is determined, the spatial distribution of the conversion
coefficient can be derived. The spatial distribution of
the conversion coefficient can be calibrated either by
experimentation or numerical simulation. The average velocity in the tunnel is the product of the singlepoint air velocity and the conversion coefficient.
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of urban reclaimed water. Membrane bioreactor
refers to the combination of ultra-microfiltration
technology in membrane separation technology and
the traditional activated sludge method in sewage
treatment, using membrane modules to replace the
secondary sedimentation tank of activated sludge
method for solid-liquid separation to achieve the
removal of suspended solids. The purpose of bacteria and macromolecular organic matter. MBR has
the advantages of good effluent quality, high volume load, small footprint, low residual sludge output, and convenient operation and management [46].
Industrial sewage contains a lot of metal ions,
such as mercury, chromium, cadmium, etc., and
inorganic substances such as alkalis, sulfides, and
salts, which show unique colors and are highly
polluting. If it is directly entered into the aquatic
ecosystem, microorganisms can not only reduce the
concentration of heavy metals, but also enrich and
amplify their effects [7]. According to research,
after heavy metals enter the organism, they can
accumulate in an organ and cause cumulative poisoning, which ultimately endangers life. Some of
the polluted inorganic substances in the sewage
deteriorate water quality, harm aquatic organisms,
and harm agriculture; some cause chronic poisoning
and destroy the normal physiological process of the
human body, among which heavy metals are the
most harmful to the human body, and even cause
cancer [8]. However, the composition of industrial
sewage inorganics is very different, and the most
effective method is the direct purification of raw
sewage in the factory, that is, the use of targeted
sewage treatment methods directly in or near the
industrial plant. At present, the direct purification
technology of industrial sewage is a very vital cutting-edge technology in the national energy-saving
and emission-reduction strategy [9].
At present, there are three common methods
of sewage treatment: physical, biological and chemical [10]. Sewage treatment physical method: The
sewage contains certain suspended solids. The
physical method is to separate these suspended
solids from the sewage through physical principles,
so as to achieve the role of purifying sewage. Sewage treatment chemical method: chemical method is

ABSTRACT
With the rapid development of China’s economy, the number of urban population has shown
rapid growth. As various problems have also
emerged, the current domestic sewage problem has
become an important factor restricting urban development. If we do not attach great importance to it,
adopting positive and effective measures and means
will inevitably make this situation affect the overall
planning and development of the city, and thus
affect the progress of the entire economy and society. This article analyzes the economic characteristics of urban sewage treatment projects. Based on
these characteristics, based on the basic principles
of technical economics and combined with examples, it proposes effective economic strategies for
sewage treatment projects, and better lays the foundation for the economic construction of sewage
treatment projects.

KEYWORDS:
Sewage, China’s economic growth, Important factor,
Measures

INTRODUCTION
Nowadays, water pollution is a severe problem, especially in developing countries like China
[1]. Sewage is produced along with the process of
urbanization. With the development of urbanization
becoming faster and faster, the pressure of sewage
treatment will be heavier. The discharge of sewage
into ocean rivers will not only cause the problem of
biological extinction in ocean rivers, but also cause
serious ecological problems. The discharge of sewage into the soil will cause soil damage, affect
farming, etc., and environmental pollution [2]. And
these pose a huge threat to the survival and development of mankind, therefore, sewage treatment
work is particularly important [3].
The urban domestic sewage is usually taken as
an example of sewage water treatment, and only the
first-stage treatment and the simple second-stage
treatment can meet the water quality requirements
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FIGURE 1
The Trends of GDP and GDP per capita of China from 1978 to 2013.
to use chemical technology to carry out a series of
chemical reactions to achieve the function of decomposing sewage [11]. Sewage treatment biological method: Biological method is currently the most
popular sewage treatment method, which uses microorganisms to carry out sewage treatment. Its
biggest advantage compared with physical method
and chemical method is that it will not cause secondary pollution, which is in line with the current.
The concept of green and environmentally friendly
economic development has far greater significance
for environmental protection than physical and
chemical methods [12].
Because there are still a lot of problems in the
treatment of sewage sludge in our country, and the
side of the sewage treatment plant, often out of the
mentality to complete the task, only slightly treats
the sewage, but the sludge treatment problem is
ignored, plus the sludge. The treatment problems
started late and there were many problems. The
domestic sewage treatment plants still did not pay
attention to the problems of sewage sludge treatment. Most of the sewage treatment plants simply
concentrated the sewage sludge and did not deal
with the sewage sludge. Stabilization and harmless
treatment, there is no final clear way to deal with it.
In more areas, the sludge is dried and packaged as
agricultural fertilizers, which are sold to farmers in
batches as agricultural fertilizers. Neither the content of heavy metals in it nor the microbes in them
have been sterilized, and these pollutants have
caused secondary pollution through various means
such as the atmosphere, water, and food chain,
endangering human health. If human society wants
to achieve sustained and coordinated economic
development, first of all, it is necessary to protect
the proliferation of human beings. Therefore, sewage treatment and economic development have an
important internal relationship [13-15].
In recent years, the benefits of urbanization in
China have been obvious. The urban population has
increased from 172 million at the beginning of
reform and opening up to about 700 million, and
the urbanization rate has increased from 17.92% to
about 60%. In the process of urbanization development, China has always followed the path of "pollution first, then treatment", which has increased the

cost and difficulty of sewage treatment. In order to
protect the urban environment and the safety of
drinking water, the State Council requires relevant
departments to strengthen measures, strengthen
supervision and management, achieve binding
emission reduction targets, and strengthen the construction of small town sewage treatment plants.
Under this circumstance, the number of sewage
treatment plants in small towns will increase, and
even exceed that of large and medium-sized sewage
treatment plants [16]. However, compared with
large cities, small towns have the characteristics of
weak economic strength, low technology and management level, and small water environment capacity. This is the peculiarity of small town sewage
treatment. Therefore, whether the sewage treatment
process is proper and whether the economic cost is
reasonable will directly affect the success or failure
of the construction of sewage treatment plants in
small towns and the environment and sustainable
development of China.

MATERIALS AND METHODS
We conducted a literature search of the fulltext Chinese journal database in the China National
Knowledge Infrastructure (CNKI), sciencedirect
database, IEEE/IEE Electronic Library, springerlink
database and based on the keywords “Sewage,
Sewage treatment, Economic development” up to
the end of 2020. We found about 45,000 research
results about them. Following this, 5000 articles
were selected and analyzed in this paper.

RESULTS AND DISCUSSION
Existing problems. But there were still some
problems. Firstly, there is insufficient funding for
sewage treatment. Sewage treatment plants are the
basic guarantee for the development of sewage
treatment, and the construction of sewage treatment
plants requires a lot of capital investment, and the
later operating costs are relatively high. Considering that the sewage treatment requires a lot of in-
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vestment, and it takes a certain time to generate
profits and profits, sewage treatment has always
been one of the public welfare undertakings directly
guided by the Chinese government. After all, financial support is limited. Therefore, this is also an
important reason for the small scale and slow development of sewage treatment in China compared
with foreign sewage treatment. In recent years, the
situation has improved slightly, but development
has been slow. Therefore, in order to further promote the further development of China's sewage
treatment business, the government should gradually subcontract the sewage treatment from the government's work, so that external capital can also
participate effectively. It is conducive to driving the
enhancement of social environmental awareness.
Drainage network is not only responsible for
discharging sewage, but also an important facility
for collecting urban sewage. During use, the pipeline is damaged and needs to be repaired in time to
ensure the normal use of the pipeline network. In
actual work, the maintenance work of the pipeline
network is not enough. Pipelines far away from
urban areas or remote places often face damage
without being repaired, and the construction of
municipal facilities has resulted in damage to the
pipe network and sometimes it has not been repaired in time.
Secondly, sewage treatment technology and
standard need to be improved. In the study, there
were about 74% of WWTPs that executed Class
1B. The criteria in the future are expected to improve significantly in order to meet the requirements of wastewater reclamation. Some cities recently upgraded the effluent quality standards to the
Wastewater Class A Discharge Standard. Sewage
treatment requires professional knowledge and
technology such as biology, chemistry, and physics.
Therefore, the requirements of sewage treatment on
related technologies are relatively high. Only by
establishing certain technical support can sewage
treatment be realized and completed. As China's
sewage treatment business started late, there is still
a certain lag in the construction of the technical
level compared with foreign developed countries. It
also needs to be continuously researched and improved. Sewage treatment equipment also has problems in management and maintenance. Many sewage treatment plants have problems such as untimely maintenance, equipment failure or equipment
aging and depreciation, which seriously affects the
efficiency and quality of sewage treatment. Therefore, in order to improve the efficiency of sewage
treatment in China, it is necessary to continuously
upgrade, research and develop, and maintain the
sewage treatment technology.
Thirdly, the wastewater reuse was far from
enough and related supporting system is not perfect.
At present, sewage treatment has always been the
work of government departments. The government

regards sewage treatment as a public welfare undertaking, and this approach requires the government
to spend huge funds to ensure the normal operation
of sewage treatment. It has brought tremendous
pressure. Sewage treatment does not participate in
the market mechanism, and enterprises cannot participate in the sewage treatment. This kind of dependence on the development of the government
itself will not be conducive to the long-term development of the sewage treatment business. The government should learn to decentralize and gradually
Combining sewage treatment with the market and
allowing more industries to participate in the process will not only ease the pressure on capital, but
also bring more technical support and talent support. Therefore, the sewage treatment mechanism
needs further improvement. It is necessary to modify WWTPs to implement advanced treatment for
water reuse.
Fourthly, sludge treatment and disposal seriously challenged the environmental protection.
Many cities do not regard sludge treatment as a
necessary part of sewage plants, often after the
sewage treatment plant is built, a sludge treatment
system is built after a long time, resulting in a very
low rate of sewage sludge treatment in China's
cities. The sludge treatment process of domestic
urban sewage plants is very imperfect. Sewage
plants where sludge is concentrated, digested and
stabilized, and dehydrated and dehydrated account
for only 25.68% of the above urban sewage plants.
This shows that more than 70% of sewage plants in
China do not have a complete sludge treatment
process. Sewage plants that do not have stable
sludge treatment account for 55.70%, and a large
amount of sewage sludge that has not undergone
stable treatment will cause serious secondary pollution to the environment. Sewage plants that do not
have sludge drying and dehydration treatment account for approximately 48.65%. After the sludge is
concentrated and digested, it still has a water content of about 95% to 97%, and the volume is still
very large. If such a large volume of sludge is not
subjected to sludge drying and dehydration treatment, it will bring a lot of inconvenience to transportation and subsequent disposal.
China is a large agricultural country. Whether
it is from economic factors or fertilizer utilization
factors, the land use of sludge is a disposal method
in line with China's national conditions. Agricultural sludge is the most feasible and realistic disposal
plan in China's specific situation. Agricultural
sludge can dispose of sludge in large quantities. In
principle, sludge can be used in farmland only if it
meets the relevant national standards; sludge participates in the natural material recycling process of
farmland, and nitrogen, phosphorus, potassium,
organic matter and trace elements in sludge are
good Agricultural fertilizers can increase the yield
of crops; organic matter and humus in sludge can
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improve the soil structure and is a good soil improver; agricultural use of sludge reduces production costs and is suitable for China's current economic development.

2025, all localities (including county towns and
established towns) should be adjusted to the level of
compensation costs. Increase the collection of sewage treatment fees. Properly handle the relationship
between the adjustment of sewage treatment fee
standards and the protection of the basic lives of
economically disadvantaged families. All localities
can, according to local conditions, adopt no or little
increase in the fee standards for families in difficulty, or when raising the fee standards, through relevant rescue and security mechanisms to ensure
difficulties. The basic life of the masses is not
affected.

Coordination countermeasures for sewage
treatment and economic development. (1) Formulating policies and regulations related to sewage treatment. Policies and regulations are the
basic guarantee for ensuring the execution and
development of sewage treatment. Implement a
sound economic policy for sewage treatment, and
gradually implement a charging standard for sewage discharge, which is conducive to reducing the
random discharge of sewage, and charge a price for
sewage treatment to encourage the development of
sewage treatment. Different water supplies actually
implement different price charging standards to
save water resources, actively mobilize the use of
recycled water, reduce the development of water
resources, and thus guarantee the reserves of water
resources. Do a good job in planning and construction of sewage discharge and treatment to achieve
sustainable development of sewage treatment. Finally, it is necessary to gradually legislate and regulate individual sewage discharges and corporate
sewage discharges, and establish standards for
sewage discharges and penalties for illegal discharges, which is conducive to reducing the status
of random discharges and illegal discharges, which
is conducive to reducing sewage discharge. Gradually reduce the pressure on China's sewage
treatment.

(3) Continuously increase technical investment in sewage treatment. Sewage treatment
requires certain technical support, and at present,
whether it is a physical treatment method or a biological treatment method, its requirements for related technologies are relatively high. Therefore, sewage treatment must continuously improve the research and development of sewage treatment technology and Application efforts to ensure the perfection and advancement of sewage treatment technology, and comprehensively improve the efficiency
of sewage treatment. Sewage treatment also needs
to continuously improve the technical ability of
employees. The technical ability of employees is an
important foundation for ensuring the development
of wastewater treatment. First, we must continuously improve the training of relevant talents in China's
universities, and second, sewage companies must
do a good job in practicing. The technical ability of
the personnel is improved, and the skill level of the
sewage treatment practitioners is constantly improved, so that they can complete the work with
quality and quantity in the work. Through these
practical methods, continuously improve the technical level of China's sewage treatment, so as to
promote the sustainable development of sewage
treatment.

(2) Gradually reform and improve China's
sewage treatment mechanism. The governmentled sewage treatment development model is gradually contrary to economic and market development
requirements. In this case, the Chinese government
must reposition the sewage treatment development
model and gradually combine sewage treatment
with market mechanisms. Learning to decentralize
and guide the market-oriented development of
sewage treatment will help alleviate the current
shortage of sewage treatment funds and allow more
external capital to participate in the construction of
sewage treatment, which will help promote the
sustainable development of China's sewage treatment.
According to the cost supervision and investigation, according to the principle of compensating
for sewage treatment and operation costs, on the
basis of comprehensive consideration of local financial resources and social affordability, reasonable formulation of sewage treatment fee standards,
and improve the dynamic adjustment mechanism of
sewage treatment fee standards. As soon as possible
to adjust the sewage treatment fee standard to the
level of compensation costs, it is difficult to formulate a step-by-step adjustment plan. By the end of

(4) Strengthen urban sludge treatment and
increase investment. At present, the construction,
operation and management of sewage treatment in
China have not adapted to the development of market economy. Strengthening the management of
urban sludge can not only solve the problem of
sludge outlet, but also make sludge waste into
treasure, which is an inevitable requirement for
achieving sustainable development. Therefore, it is
necessary to speed up the process of urban sludge
treatment in China, and realize the reduction, recycling and harmlessness of urban sludge. We must
strengthen overall coordination. The urban sludge
management will be expanded from the past "end"
treatment to the entire process of production, circulation, consumption, collection and treatment. This
involves the generation, collection, transfer, transportation, disposal and other aspects of the logistics
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level, as well as the urban construction, urban management, community and other departments at the
management level, as well as government departments and transportation enterprises at the operational level. It is obviously not enough to rely on
social forces. It is necessary for the government to
strengthen overall coordination and scientific guidance, especially for systematic analysis from the
perspective of the entire life cycle, strengthen the
connection between the upstream and downstream
of the industrial chain, and improve and improve
the overall technology and management level of the
sludge industrial chain. To highlight the operation
of the market. We should learn from advanced
foreign experience, liberate the government from
the burden of investment and operation of sludge
disposal, and truly give the sludge disposal and
disposal rights to the market, make full use of price,
taxation, finance and other means to support and
introduce private capital for pollution Mud treatment. Improve social governance. In recent years,
although the whole society has recognized the importance of urban sludge treatment, it has not attracted enough attention. So far, there is no legal
document on urban sludge management, and the
coordination and restraint mechanism of the management and operation departments has not been
effectively established. Therefore, it is necessary to
establish and improve relevant laws and regulations, prohibit the landfilling of available urban
sludge, stipulate that urban sludge must be collected
and stored separately, and establish a standardized
and scientific urban sludge emission reduction
index system, assessment system, and monitoring
system. At the same time, it is necessary to
strengthen the rigid assessment and implement the
accountability mechanism so that the people can
see the results of governance.

effectively relieves the scarcity of water resources,
and then promotes the construction and development of cities.
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has no longer adapted to the needs of contemporary
enterprises [1-3]. Therefore, the supply chain management mode with services as the core of competition emerges as the times require, and becomes the
leading economy of contemporary enterprises [4-5].
At this stage, with the rapid development of the logistics industry, China has made certain achievements in terms of innovation mode and technical
support in the logistics service supply chain [6-7],
but the following problems still exist. 1) Affected by
obsolete and solidified concepts, the approval degree
of logistics supply chain with services as the core
needs to be improved. Compared with the improvement of service quality, enterprises pay more attention to work efficiency, thus making the interests of
the company conflict with the interests of the enterprise logistics service supply chain [8]. 2) Long logistics and distribution links and poor service quality.
At present, there are some problems in the logistics
distribution in China, such as long transportation cycle and poor quality, which often lead to problems
such as overtime transportation, loss of goods, and
poor attitudes of delivery personnel [9]. 3) The index
evaluation system of logistics service providers is
imperfect. The selection of logistics service providers is an important part of logistics supply chain, but
its evaluation index system often ignores ecological
environment factors and lacks the idea of green development [10].
Aiming at the problem of imperfect evaluation
system of logistics service providers, this paper introduced the concept of green logistics system, took
the green ecology as the starting point, constructed
the first and second level evaluation index system of
green logistics service providers based on logistics
service chain, and analyzed the interactive influence
rules between the first level evaluation indexes by
using response surface model. Based on the established evaluation index system, the index data of
four logistics service providers of an automobile
manufacturing enterprise in Guangzhou were obtained through questionnaire survey, and the total
weight vector of four enterprises was obtained
through comprehensive evaluation model, thus determining the best green logistics service provider.

ABSTRACT
At present, with the rapid development of the
logistics industry, the traditional supply chain management mode with products as the core of competition no longer meets the needs of contemporary enterprises, and the supply chain management mode
with services as the core of competition emerges as
the times require. Aiming at the problem of imperfect evaluation system of logistics service providers,
this study took the green ecology as the starting point,
constructed the evaluation index system of green logistics service providers based on logistics service
chain, and analyzed the interactive influence rules
between the evaluation indexes by using response
surface model. Based on the established evaluation
index system, the total weight vector of four logistics
service providers of an automobile manufacturing
company in Guangzhou was obtained through comprehensive evaluation model, so as to determine its
best green logistics service provider. The results
showed that the response surface model has significant differences, and each evaluation index has significant impact on logistics service efficiency, and
the interaction effect is obvious. The quadratic multiple
regression
equation
is
R = 85.58  6.92A  6.27 B + 4.15C  2.65 D - 4.51C 2 - 4.74 D 2 .
The total weight vector calculated by the comprehensive
evaluation
model
is
P A  W (0.1976,0.1685,0.2238,0.1863) , so
C3 logistics service provider is the best choice for the
automobile enterprise.

KEYWORDS:
Logistics service supply chain, Green, Logistics service
providers, Evaluation index system

INTRODUCTION
With the advent of the era of global economic
integration, competition among enterprises has intensified, and the traditional supply chain management mode with products as the core of competition
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FIGURE 1
Construction of Green Logistics System

creased transportation obstacles and increased logistics operations, thus reducing transportation efficiency.
(3) Green packaging is mainly to reduce the environmental pollution and resource waste in the traditional logistics packaging process by means of
green design of goods packaging materials, green
packaging methods and recycling of packaging
wastes, so as to achieve the purpose of green environmental protection.
(4) Green circulation processing is to carry out
green productive processing of products continuously during the circulation process, speed up the operation efficiency and improve the utilization of processed raw materials, so as to make commodities become the final products more suitable for the needs
of consumers. Evaluation Index System of Green
Logistics Service Providers
On the basis of summarizing the previous research results and considering the operation process
of logistics service supply chain [13-14], this study
took green ecology as the starting point, focused on
the development issues of green logistics service
providers in collaborative supply chain between enterprises. According to the principles of qualitative
and quantitative, a comprehensive, objective, scientific and reasonable evaluation index system for
green logistics service providers based on the logistics service supply chain mode was established from
four aspects: qualification of logistics enterprises, logistics service quality, resource integration capabilities, and environmental protection ability (as shown
in Figure 2).

MATERIALS AND METHODS
Evaluation Index System of Green Logistics
Service Providers. Green Logistics System. Based
on the existing logistics system, this study focused
on the impact of the ecological environment and energy resources on the logistics system, and proposed
a new concept of green logistics system, which evaluates the green logistics service providers from
green procurement transportation, green storage,
green packaging and green circulation processing
and other links [11-12], and form a closed loop between each link (as shown in Figure 1).
(1) Green procurement transportation is a transportation characterized by the integration of resources, energy conservation and reduction of exhaust emissions during the process of goods procurement and transportation. It mainly reduces transportation distance and improves transportation efficiency by selecting green transportation equipment
and reasonably planning the transportation route, so
as to reduce the transportation cost, save energy and
reduce waste emissions.
(2) Green storage is to reduce transportation
loss and improve transportation efficiency through
accurate calculation and simulation of the optimal
location of storage sites with the aid of tools such as
big data and artificial intelligence. In the traditional
layout of storage sites, the layout is often too dense
or too evacuated, which will lead to repeated transportation, long-distance loading and unloading, in-
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FIGURE 2
Construction of Evaluation Index System of Green Logistics Service Providers
companies, making them highly flexible, organized,
systematic and valuable, and creating a dynamic process of new resources [17]. This study selected secondary indexes such as storage space utilization, noload rate, raw material use ratio, and transportation
equipment utilization to describe resource integration capabilities.

(1) Qualification of Logistics Enterprises.
Qualification of logistics enterprises is the qualification that a logistics enterprise should possess in the
course of business operation and the quality grade
standard that matches the qualification. It is the embodiment of the service ability of a logistics enterprise [15]. In this study, secondary evaluation indexes such as the degree of enterprise networking,
emergency handling capacity, educational level of
employees and collaborative management capabilities were selected to describe the qualification of logistics enterprises.

(4) Environmental Protection Ability. Environmental protection ability refers to the ability of
green logistics service providers to control energy
consumption and exhaust emissions during logistics
transportation [18]. With the rapid development of
economy, ecological environment protection has become one of the important considerations in the development of enterprises. Energy conservation and
emission reduction are not only to improve the environment, but also to help enterprises better control
operating costs, thus indirectly improving profitability and ensuring sustainable development of themselves. In this study, resources and energy consumption rate, pollutant treatment capacity, green material
recycling rate and waste recycling rate were selected
as secondary evaluation indexes to describe the environmental protection ability.

(2) Logistics Service Quality. Logistics service quality refers to the sum of features and characteristics of green logistics service providers whose
service content can meet the requirements and potential needs, reflecting the service level to the demander [16]. It is the lowest service level provided
by green logistics service providers to achieve the
target customer satisfaction, and also the consistency
degree of logistics service providers to maintain this
predetermined service level. Due to the existence of
customer participation and indivisibility of production and consumption in the process of logistics service, logistics service quality must be recognized by
the demander. In view of this, the study selected the
customer complaint rate, degree of transport safety,
cargo integrity rate and order satisfaction rate to describe the logistics service quality.

Impact of Evaluation Index of Green Logistics Service Provider on Logistics Service Efficiency. The logistics service efficiency is an important factor to measure the overall logistics capabilities of third-party green logistics service providers. Based on the established evaluation index system of green logistics service providers, this study
carried out response surface experiments (the design
scheme is shown in Table 1) with qualification of

(3) Resource Integration Capabilities. Resource integration capabilities refer to the identification and selection, integration and configuration, activation and organic integration of goods and storage
resources from different sources by logistics service
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TABLE 1
Response Surface Experiment Factor Level Design Scheme
Factor level and coding design
Experiment factor
Coded value
-1
0
1
Qualification of logistics enterprises/%
A
70
80
90
Resource integration capabilities/%
Environmental protection ability/%
Logistics service quality/%

B
C
D

75
60
65

85
75
75

95
90
85

TABLE 2
Response Surface Experiments and Results
Influencing factors
Logistics service
Test numefficiency
Qualification
of
logisResource
integration
Environmental
proLogistics
service
ber
(R)
tics enterprises (A)
capabilities (B)
tection ability (C)
quality (D)
1
80
85
75
75
85.4
2
80
85
60
65
69.7
3
80
95
90
75
87.2
4
70
85
75
85
72.3
5
80
75
60
75
70.3
6
70
85
60
75
68.7
7
80
85
75
75
86.1
8
80
85
75
75
86.4
9
70
75
75
75
69.9
10
70
95
75
75
84.5
11
80
95
60
75
80.2
12
80
75
90
75
78.8
13
80
95
75
85
91.5
14
90
85
75
65
83.9
15
80
85
60
85
72.6
16
80
75
75
65
69.8
17
80
75
75
85
72.5
18
70
85
75
65
65.7
19
90
95
75
75
88.7
20
90
85
60
75
83.3
21
80
85
75
75
84.8
22
90
85
90
75
90.8
23
90
75
75
75
81.8
24
80
85
90
85
82.4
25
80
85
90
65
77.6
26
80
95
75
65
86.2
27
80
85
75
75
85.2
28
90
85
75
85
93.4
29
70
85
90
75
77.8
logistics enterprises, resource integration capabilities, environmental protection ability and logistics
service quality as independent variables and the logistics service efficiency as dependent variables, to
explore the interactive influence rules of each evaluation index on logistics service efficiency.

ties B, environmental protection ability C and logistics service quality D as four factors in building a response surface model, with logistics service efficiency R (%) as response value, using Design-Expert
8.0.6 trial software to design four-factor and threelevel experiments, to explore the interactive influence rules of each evaluation index on logistics service efficiency. The experiment design results of factor level and logistics service efficiency were shown
in Table 2. It can be seen from the table that within
the selected parameter range, the change range of logistics distribution efficiency is 65.7%~93.4%.

RESULTS AND DISCUSSION
Research and Analysis on Logistics Service
Efficiency of Green Logistics Service Providers.
Mathematical Modeling. With qualification of logistics enterprises A, resource integration capabili-
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Variance Analysis Results. According to BoxBehnken Design (BBD) in response surface methodology, the variance analysis of the test model was
carried out, and the results were shown in Table 3. It
can be seen from the data in the table that the binary
multiple regression model of logistics service efficiency was F=11.89, P<0.0001, which indicated that
the model had significant differences and could be
used to optimize the influence parameters of logistics service efficiency of green logistics service providers. In this study, taking logistics service efficiency R as the objective function, through regression analysis of the above data, the optimal response

surface model was obtained. Then remove the insignificant items in the model, the final model was obtained. The quadratic multiple regression equation (1)
is as follows:
Results of Response Surface Model Analysis.
(1) Response Surface Model Analysis of Qualification of Logistics Enterprises and Resource Integration Capabilities on Logistics Service Efficiency. It can be seen from Figure 3 that logistics
service efficiency of green logistics service providers gradually increases with the enhancement of
qualification of logistics enterprises; on the other

R = 85.58  6.92A  6.27 B + 4.15C  2.65 D - 4.51C 2 - 4.74 D 2 (1)

Source
Model
A
B
C
D
AB
AC
AD
BC
BD
CD
A²
B²
C²
D²
Residual
Lack of fit
Pure error
Cor total

TABLE 3
Variance Analysis Results of Logistics Service Efficiency
Sum of
df
Mean square
F value
squares
1592.15
14
113.72
11.89
574.08
1
574.08
60.03
471.25
1
471.25
49.28
206.67
1
206.67
21.61
84.27
1
84.27
8.81
14.82
1
14.82
1.55
0.64
1
0.64
0.067
2.1
1
2.1
0.22
0.56
1
0.56
0.059
1.69
1
1.69
0.18
0.9
1
0.9
0.094
21.96
1
21.96
2.3
20.21
1
20.21
2.11
132.23
1
132.23
13.83
145.74
1
145.74
15.24
133.88
14
9.56
-132.15
10
13.22
30.59
1.73
4
0.43
-1726.03
28
---

P-value
< 0.0001
< 0.0001
< 0.0001
0.0004
0.0102
0.2336
0.7996
0.6464
0.8119
0.6806
0.7632
0.1519
0.1681
0.0023
0.0016
-0.0024
---

Note: * indicates significant difference, P <0.05; * * indicates extremely significant

FIGURE 3
Contour Map and 3D Model of the Impact of Qualification of Logistics Enterprises and Resource Integration Capabilities on Logistics Service Efficiency
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hand, the enhancement of resource integration capabilities of logistics service providers will greatly improve logistics service efficiency. When qualification of logistics enterprises and resource integration
capability are improved at the same time, logistics
service efficiency will be further improved. The enhancement of qualification of logistics enterprises
means that logistics enterprises are at a higher level
in terms of enterprise networking, emergency handling capacity, educational level of employees and
internal collaborative management, greatly enhancing the core competitiveness of enterprises, while the
enhancement of resource integration capability reflects the logistics enterprises' ability in goods storage space, raw material utilization and the rational
planning of transportation equipment, thus realizing
the high-speed operation of the logistics process.

ment of environmental protection ability. Thus, compared with qualification of logistics enterprises,
which represents the core competitiveness of enterprises, the contribution of enterprises' environmental
protection ability to logistics service efficiency
shows a certain bottleneck effect. When logistics enterprises invest certain costs in projects such as resource and energy utilization, pollutant treatment,
green material recycling, and waste recycling, they
can optimize the logistics system process to a certain
extent, improve the green production of enterprises,
and achieve the effect of controlling the operation
cost; however, when enterprises excessively invest
to improve its environmental protection abilities, it
will greatly increase green costs, thereby reducing
the external service efficiency.
(3) Response Surface Model Analysis of Resource Integration Capabilities and Environmental Protection Ability on Logistics Service Efficiency. It can be seen from Figure 5 that the service
efficiency of green logistics service providers gradually increases with the enhancement of resource integration capabilities and environmental protection
ability, but the increase of environmental protection
ability is slower than that of resource

(2) Response Surface Model Analysis of
Qualification of Logistics Enterprises and Environmental Protection Ability on Logistics Service
Efficiency. As can be seen from Figure 4, logistics
service efficiency of green logistics service providers gradually increases with the enhancement of
qualification of the logistics enterprises, and increases first and then slows down with the enhance-

FIGURE 4
Contour Map and 3D Model of the Impact of Qualification of Logistics Enterprises and Environmental
Protection Ability on Logistics Service Efficiency

FIGURE 5
Contour Map and 3D Model of the Impact of Resource Integration Capabilities and Environmental Protection Ability on Logistics Service Efficiency
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FIGURE 6
Contour Map and 3D Model of the Impact of Environmental Protection Ability and Logistics Service
Quality on Logistics Service Efficiency
integration capabilities. When the resource integration capabilities and environmental protection ability
are enhanced at the same time, the improvement rate
of logistics service efficiency is slower. Resource integration capabilities and environmental protection
ability both reflect the investment degree of logistics
enterprises in energy conservation and environmental protection. The improvement of storage space,
raw material use, logistics and transportation equipment planning, energy consumption, green material
use frequency, waste recycling and other projects
can greatly promote the external logistics service capability of logistics enterprises and improve their
own operation capability. However, when the investment degree is further increased, the investment cost
of enterprises will be greatly increased, thus slowing
down the profitability and limiting the external logistics service efficiency to a certain extent.

service efficiency. Therefore, the service efficiency
of green logistics service providers can be improved
to the maximum when logistics service quality and
environmental protection ability are maintained at a
certain intermediate level.
Case Analysis of Green Logistics Service Provider Evaluation. Based on the established evaluation system index of green logistics service providers,
this study selected the supply chain of a third-party
green logistics service enterprise integration company introduced by a Guangzhou automobile manufacturing company as an example for analysis. The
service scope of the selected logistics service providers is to provide automobile manufacturing enterprises with complete vehicle delivery and transportation logistics services for parts. The automobile
manufacturing enterprise has 4 logistics service providers to choose supply chain logistics service. In
this study, the evaluation index data of the four enterprises were recorded through questionnaire survey, and converted into centesimal system data
through relevant calculation formula (as shown in
Table 4). By referring to the relevant literature, this
study chose the comprehensive evaluation model to
analyze the historical data [19-20], and finally determined the best green logistics service provider of the
enterprise.
Based on the existing historical data, this study
first calculated the four companies' standardized decision matrix to obtain the weight vector, and further
calculated each index to obtain the weight matrix A
of the secondary evaluation indexes corresponding
to the four logistics service providers, then calculated the weight W of experts for the secondary evaluation indexes, and finally calculated the total
weight vector of the comprehensive evaluation of logistics service providers as follows (2):

(4) Response Surface Model Analysis of Environmental Protection Ability and Logistics Service Quality on Logistics Service Efficiency. It can
be seen from Figure 6 that with the enhancement of
environmental protection ability, logistics services
efficiency first increases and then decreases slightly.
On the other hand, as logistics service quality
strengthens, the logistics service efficiency increases
first and then decreases. The interaction between the
two forms a “cap” model. As a necessary index for
the demander to select green logistics service provider, the improvement of logistics service quality
reflects the improvement of green logistics service
provider's ability in handling customer complaints,
ensuring transportation safety, goods integrity, order
satisfaction, storage safety performance, etc. However, the logistics service quality is not necessarily
related to the external service efficiency. When the
logistics service quality is improved to a certain extent, there will also be a bottleneck in the logistics

P

A W

0.1976,0.1685,0.2238,0.1863
2

(2)

R = 85.58  6.92A  6.27 B + 4.15C  2.65 D - 4.51C - 4.74 D 2 (3).
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TABLE 4
Record Data of Evaluation Indexes of Green Logistics Service Providers
First-level evaluation
index

Logistics service provider
second-level evaluation index
Degree of enterprise networking/%

Qualification of logistics enterprises

Emergency handling capacity/%
Educational level of employees/%
Enterprise collaboration management capabilities/%
Storage space utilization/%
Resource integration
No-load rate/%
capabilities
Raw material use ratio/%
Transportation equipment utilization/%
Resource and energy consumption rate/%
Environmental protecPollutant treatment capacity/%
tion ability
Green material recycling rate/%
Waste recycling rate/%
Customer complaint rate/%
Logistics service qualDegree of transport safety/%
ity
Cargo integrity rate/%
Order satisfaction rate/%
It can be seen that the priority of the four green
logistics service providers is C3 > C1 > C4 > C2, so
the automobile manufacturing enterprise finally decided to choose C3 logistics service provider as its
best choice.

C3

C4

82

70

91

84

86
75
77
82
12
77
65
85
90
86
85
20
86
86
85

80
82
78
79
15
82
72
74
92
92
76
19
74
89
83

88
89
92
88
12
89
78
72
94
95
88
16
88
95
91

79
74
86
75
20
84
68
80
88
93
89
22
79
87
87
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(1) Based on the existing logistics system, this
study constructed a green logistics system, established the evaluation indexes including qualification
of logistics enterprises, logistics service quality, resource integration capabilities and environmental
protection ability from the perspective of green ecology.
(2) Response surface model was used to study
the interactive influence rules between the evaluation indexes. The results showed that the model has
significant differences, and each evaluation index
has significant impact on logistics service efficiency.
The quadratic multiple regression equation (3).
(3) The comprehensive evaluation model was
used to analyze the evaluation indexes of green logistics service providers of an automobile manufacturing company in Guangzhou. Finally, the total
weight vector of the four logistics service providers
was obtained, that is

A W
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,QWKLVVWXG\DPRGLILHGVHSLROLWHIRUPHWK\OHQH
EOXH 0% DGVRUSWLRQZDVGHVLJQHG0RGLILFDWLRQRI
VHSLROLWHZDVSHUIRUPHGXVLQJ11GLPHWK\O 
WULHWKR[\VLO\O SURS\O LPLQR PHWK\O DQLOLQH
0(63,$ LQWKHSUHVHQFHRIHWKDQROVROXWLRQ7KH
PRGLILHGVHSLROLWH 630(63,$ ZDVFKDUDFWHUL]HG
E\XVLQJ)RXULHUWUDQVIRUPLQIUDUHGVSHFWURVFRS\DW
WHQXDWHGWRWDOUHIOHFWDQFHVFDQQLQJHOHFWURQPLFURV
FRS\ WKHUPDO JUDYLPHWULF DQDO\VLV DQG %UXQDXHU
(PPHWW7HOOHULQVWUXPHQWV7KHDPRXQWRIDGVRUEHG
0%ZDVPHDVXUHGE\899LVVSHFWURVFRS\7KHHI
IHFWV RI FRQFHQWUDWLRQ WHPSHUDWXUH LRQLF VWUHQJWK
DQG S+ WR WKH DGVRUSWLRQ FDSDFLW\ RI 630(63,$
ZHUH LQYHVWLJDWHG,W ZDVGHWHUPLQHG WKDW FKHPLFDO
ERQGLQJ WRRN SODFH EHWZHHQ WKH K\GUR[\O JURXSV
DQGRUR[\JHQDWRPVZLWKLQWKHVWUXFWXUHRIVHSLROLWH
DQGWKHVLODQHJURXSRI0(63,$E\UHOHDVLQJWKHHWK
R[\JURXSVWRWKHVROYHQW6HSLROLWHGHJUDGHGLQIRXU
VWHSV ZKLOH PRGLILHG VHSLROLWH GHJUDGHG LQ WKUHH
VWHSVDQGDWKLJKHUWHPSHUDWXUHV7KHDGVRUSWLRQFD
SDFLW\RIPRGLILHGVHSLROLWHLQFUHDVHGZLWKLQFUHDV
LQJ S+ WHPSHUDWXUH LRQLF VWUHQJWK 7KH H[SHUL
PHQWDOGDWDZHUHDQDO\]HGXVLQJWKH/DQJPXLUDQG
)UHXQGOLFK DGVRUSWLRQ PRGHOV 7KH H[SHULPHQWDO
GDWDILWWHGYHU\ZHOOZLWK/DQJPXLULVRWKHUPHTXD
WLRQ7KH/DQJPXLUPRQROD\HUFDSDFLW\FKDQJHGLQ
WKHUDQJHRIPROJ7KHDGVRUSWLRQ
RI0%ZDVHQGRWKHUPLFLQQDWXUH ¨+N-PRO 
DQGDFFRPSDQLHGE\DQLQFUHDVHLQHQWURS\ ¨6
-PRO. DQGDGHFUHDVHLQ*LEEVHQHUJ\ ¨*
WR  N-PRO LQ WKH WHPSHUDWXUH UDQJH RI 
R& 



GDQJHUWRERWKDTXDWLFRUJDQLVPVDQGKXPDQDQGHQ
YLURQPHQWDO KHDOWK 7KHUHIRUH WKH UHPRYDO RI RU
JDQLFDQGLQRUJDQLFVXEVWDQFHVDQGG\HVWXIIVWKDWDUH
QRW ELRGHJUDGDEOH LQ ZDVWHZDWHU KDV EHHQ DQ LP
SRUWDQW VXEMHFW RI VWXG\ >@ 5HPRYDO RI G\HVWXIIV
IURPZDVWHZDWHULVYHU\GLIILFXOWDVWKH\DUHVWDEOH
DJDLQVWOLJKWKHDWDQGR[LGL]LQJDJHQWVDQGFDQQRW
EHELRGHJUDGDEOH,QDGGLWLRQDOOFRQYHQWLRQDOELR
ORJLFDODQGFKHPLFDOSURFHVVHVDUHLQDGHTXDWHWRUH
PRYH WKHVH SROOXWDQWV 7KHUHIRUH LQ JHQHUDO VXF
FHVVIXOUHVXOWVDUHREWDLQHGE\XVLQJDGVRUSWLRQWHFK
QLTXH LQ UHPRYLQJ RI G\HVWXIIV IURP ZDVWHZDWHU
>@$FWLYDWHGFDUERQVDUHJHQHUDOO\XVHGDVDGVRU
EHQWVVLQFHWKH\KDYHKLJKVXUIDFHDUHDDQGKLJKDG
VRUSWLRQFDSDFLW\+RZHYHUVLQFHWKHREWDLQLQJDF
WLYDWHGFDUERQVUHTXLUHVKLJKFRVWFKHDSDGVRUEHQWV
WKDWFDQEHDQDOWHUQDWLYHWRDFWLYDWHGFDUERQVKDYH
EHHQLQYHVWLJDWHGDQGFOD\PLQHUDOVFDQEHFRQVLG
HUHGDVDJRRGH[DPSOHLQWKLVVHQVH>@,QFUHDVLQJ
ZRUOGSRSXODWLRQFDXVHVDQLQFUHDVHLQFRQVXPSWLRQ
DQGUHVRXUFHVKRUWDJH7KHUHIRUHWKHXVHRIQDWXUDO
UHVRXUFHVLVRIJUHDWLPSRUWDQFH&OD\LVDJRRGH[
DPSOHRIQDWXUDOUHVRXUFHVZLWKGLIIHUHQWXVDJHDUHDV
LQ WHUPV RI QDWXUDO DYDLODELOLW\ DEXQGDQFH DQG
FKHDSQHVV>@$GVRUSWLRQRIG\HVWXIIRQFOD\PLQHU
DOVLVRIJUHDWLPSRUWDQFHGXHWRWKHZLGHVSUHDGXVH
RIWKHVHFRPSRXQGVLQERWKGRPHVWLFDQGLQGXVWULDO
DSSOLFDWLRQV
6HSLROLWHLVDQDWXUDOFOD\PLQHUDOFRPSRVHGRI
PDJQHVLXPVLOLFDWHZLWKDPLFURILEURXVPRUSKRORJ\
DQG XQLW FHOO IRUPXOD RI 6L20J 2+ 
+2 +2>@7KHILEURXVVWUXFWXUHRIVHSLROLWH
LV IRUPHG E\ VWDFNLQJ WKH VLOLFRQWHWUDKHGUDO DQG
PDJQHVLXPRFWDKHGUDO OD\HUV 7KH EORFNV LQ LWV
VWUXFWXUHFRQVLVWRIWZRWHWUDKHGUDOVLOLFDOD\HUVVXU
URXQGLQJ D FHQWUDO PDJQHVLXP OD\HU ZKLOH WXQQHOV
DUHIRUPHGE\UHYHUVLQJWKHVLOLFDOD\HUV8QLWVKHHW
SRUHVRIVHSLROLWHFDQEHH[SDQGHG,QDGGLWLRQVHSL
ROLWHKDVDKLJKFDWLRQH[FKDQJH$OOWKHVHSURSHUWLHV
RIVHSLROLWHFOD\JLYHLWDQH[FHOOHQWDGVRUEHQWSURS
HUW\ IRU WKH UHPRYDO RI RUJDQLF RU LQRUJDQLF VXE
VWDQFHV >@ $GVRUSWLRQ RQ VHSLROLWH VXUIDFH RF
FXUVWKURXJKR[\JHQDWRPVLQWKHWHWUDKHGUDOOD\HU
ZDWHUPROHFXOHVFRRUGLQDWHGZLWK0JLRQVDWWKH
HGJH RI WKH VWUXFWXUH DQG VLODQRO JURXSV UHVXOWLQJ
IURPWKHEUHDNGRZQRI6L26LERQGV>@7KHUH
DUHDORWRIVWXGLHVUHODWHGWRWKHUHPRYLQJRI0%RQ

.(<:25'6
6HSLROLWH RUJDQRPRGLILFDWLRQ DGVRUSWLRQ FKDUDFWHUL]D
WLRQPHWK\OHQHEOXH



,1752'8&7,21

7KHGLVSRVDORIZDVWHZDWHUWRWKHHQYLURQPHQW
ZLWKRXWWUHDWPHQWLVRQHRIWKHPDLQHQYLURQPHQWDO
SUREOHPV 7KH SUHVHQFH RI G\HVWXIIV HVSHFLDOO\ LQ
ZDVWHZDWHUV LV FDUFLQRJHQLF DQG SRVHV D VHULRXV
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&+2+  XVHG IRU ZDVKLQJ SURFHVVHV RI PRGLILHG
VHSLROLWH ZDV REWDLQHG IURP 6LJPD$OGULFK $OO
RWKHUFKHPLFDOVZHUHDQDO\WLFDOJUDGH7KHVWUXFWXUDO
IRUPRI0%ZDVJLYHQLQ)LJXUH

0HWKRG 6\QWKHVLVRI PRGLILHU 0(63,$
GLPHWK\ODPLQR EHQ]DOGHK\GH  PRO  DQG 
DPLQRSURS\OWULHWKR[\VLODQH PRO ZHUHUHDFWHG
LQP/HWKDQRODWDERXWaR&IRUKRXUV$IHZ
GURSVRIDFHWLFDFLGZDVXVHGWRFDWDO\]HWKHUHDFWLRQ
$IWHUFRROLQJWKHUHDFWLRQPL[WXUHHWKDQROZDVUH
PRYHGRQDURWDU\HYDSRUDWRUDQGDMHOO\GDUN\HOORZ
SURGXFW 0(63,$  ZDV REWDLQHG 6WUXFWXUH RI WKH
SURGXFWZDVH[DPLQHGE\)7,5$75VSHFWURVFRS\
)LJXUHDVKRZVDVFKHPDWLFLOOXVWUDWLRQRI0(63,$
SURGXFWLRQSURFHVV>@


GLIIHUHQWDGVRUEHQWVIURPDTXHRXVVROXWLRQVLQOLWHU
DWXUH.XODQG$OGHPLUVWXGLHGWKHDGVRUSWLRQSHU
IRUPDQFHRI0%RQQDWXUDOWKHUPDODQGDFLGPRGL
ILHGNDROLQHIURPDTXHRXVVROXWLRQVDWWKUHHGLIIHUHQW
WHPSHUDWXUH>@'DLHWDOWKHHIIHFWRIFRQWDFWWLPH
VROXWLRQS+GRVDJHRIDGVRUEHQWLRQLFVWUHQJWKDQG
UHJHQHUDWLRQRQDGVRUSWLRQEHKDYLRURI0%RQVSHQW
FRIIHHJURXQGV>@'RJDQHWDOWKHUHPRYDORI0%
RQPLFURDQGQDQRVL]HGHJJVKHOOIURPDTXHRXVVR
OXWLRQV>@3HKOLYDQHWDOWKHHIIHFWRIS+DQGWHP
SHUDWXUHRQWKHUHPRYDOHIILFLHQF\ZLWK300$*)
FRPSRVLWHV RI 0% IURP DTXHRXV VROXWLRQV>@
7XUN\LOPD]HWDOWKHUHPRYDORI0%RQDFWLYDWHGFDU
ERQSUHSDUHGIURPROLYHVWRQHVE\FKHPLFDODFWLYD
WLRQ XQGHU GLIIHUHQW +32 FRQFHQWUDWLRQV IURP
DTXHRXVVROXWLRQV>@'RJDQHWDOWKHDGVRUSWLRQRI
0%RQWRKD]HOQXWVKHOODQGSHUOLWH>@
6HSLROLWHFDQEHFDOFLQHGRUPRGLILHGZLWKRU
JDQLFRU LQRUJDQLF PDWHULDOV WR IXUWKHU LQFUHDVH WKH
DGVRUSWLRQFDSDFLW\>@,QWKHOLWHUDWXUHWKHUHDUH
OLPLWHGQXPEHUVRIVWXGLHVRQWKHUHPRYDORI0%RQ
VHSLROLWHDQGRUPRGLILHGVHSLROLWHIURPWKHDTXHRXV
VROXWLRQV&KHQJHWDOLQYHVWLJDWHGWKHDGVRUSWLRQEH
KDYLRUVRI0%G\HRQWRPRGLILHGVHSLROLWHIURPLWV
DTXHRXVVROXWLRQV>@+DQHWDOWKHDGVRUSWLRQNL
QHWLFVDQGWKHUPRG\QDPLFVRIDFLGEOXHDQG0%
G\HVROXWLRQVRQQDWXUDOVHSLROLWH>@.XQFHNDQG
6HQHUWKHDGVRUSWLRQRI0%RQWRVRQLFDWHGVHSLROLWH
IURPDTXHRXVVROXWLRQV>@'RJDQHWDOWKHDGVRUS
WLRQNLQHWLFVDQGPHFKDQLVPRIFDWLRQLFPHWK\OYLR
OHWDQG0%G\HVRQWRVHSLROLWH>@$VVHHQIURPWKH
OLWHUDWXUHVXPPDU\DERYHWKHUHDUHOLPLWHGQXPEHU
RIVWXGLHVRQWKHPRGLILFDWLRQRIVHSLROLWHZLWKGLI
IHUHQWRUJDQRPRGLI\LQJFRPSRXQGVDQGUHPRYDORI
0% IURP ZDVWHZDWHU 7KHUHIRUH WKH DLP RI WKLV
VWXG\ZDVWRLQYHVWLJDWHWKHDGVRUSWLRQRI0%DFDW
LRQLF G\HVWXII RQ RUJDQRPRGLILHG VHSLROLWH IURP
DTXHRXVVROXWLRQV7KH QDWXUDO VHSLROLWH ZDV PRGL
ILHG ZLWK 11GLPHWK\O  WULHWKR[\VLO\O SUR
S\O LPLQR PHWK\O DQLOLQH 7KH VHSLROLWH DQG PRGL
ILHG VHSLROLWH ZHUH FKDUDFWHUL]HG E\ XVLQJ )RXULHU
WUDQVIRUPLQIUDUHGVSHFWURVFRS\DWWHQXDWHGWRWDOUH
IOHFWDQFH )7,5$75  VFDQQLQJ HOHFWURQ PLFURV
FRS\ 6(0(';  WKHUPDO JUDYLPHWULF DQDO\VLV
'7$7*  DQG %UXQDXHU(PPHWW7HOOHU %(7  LQ
VWUXPHQWV7KH0%DGVRUSWLRQRQWKHRUJDQRPRGL
ILHGVHSLROLWHIURPWKHDTXHRXVVROXWLRQVZDVH[DP
LQHG DV D IXQFWLRQ RI S+ WHPSHUDWXUH DQG LRQLF
VWUHQJWK([SHULPHQWDOYDOXHVZHUHDQDO\]HGDFFRUG
LQJWR/DQJPXLUDQG)UHXQGOLFKLVRWKHUPVDQGWKHU
PRG\QDPLFGDWDZHUHDOVRFDOFXODWHG


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

0DWHULDOV  GLPHWK\ODPLQR EHQ]DOGHK\GH
'0$%  DPLQRSURS\OWULHWKR[\VLODQH $376 
0%DFHWLFDFLGHWKDQROWROXHQHDQGVHSLROLWH 63 
ZHUH REWDLQHG IURP 0HUFN 7KH HWK\ODOFRKRO

),*85(
7KHVWUXFWXUHRI0%G\H




0RGLILFDWLRQRI6HSLROLWHJVHSLROLWHDQG
P/ PRGLILHU 0(63,$ ZHUH UHDFWHG LQ  P/ RI
WROXHQHDW&IRUKRXUV$IWHUKRXUVWKH
UHDFWLRQ PL[WXUH ZDV FRROHG ILOWHUHG DQG WKHQ
ZDVKHG WZLFHZLWK  P/ WROXHQH DQG HWKDQRO)L
QDOO\ PRGLILHG \HOORZLVK VHSLROLWH ZDV GULHG LQ DQ
RYHQDWR&IRUKRXUV>@)LJXUHEVKRZV
D VFKHPDWLF LOOXVWUDWLRQ RI PRGLILHG VHSLROLWH SUR
FHVV

&KDUDFWHUL]DWLRQ 6HSLROLWH DQG PRGLILHG VH
SLROLWH FOD\ VDPSOHV ZHUH FKDUDFWHUL]HG E\ XVLQJ
%(7)7,5$75'7$7*DQG6(0(';GHYLFHV
6SHFLILF VXUIDFH DUHDV RI 63 DQG 630(63,$ FOD\
VDPSOHVZHUHPHDVXUHGE\XVLQJ%(7VXUIDFHDQD
O\]HU 4XDQWDFKURPH1RYDH E\1DGVRUSWLRQ
DW.%HIRUHSHUIRUPLQJ%(7VXUIDFHDUHDDQDO
\VHVVDPSOHVZHUHGHJDVVHGDWR&IRUKRXUV
)7,5$75 VSHFWURVFRS\ ZDV XVHG IRU VWUXFWXUDO
DQDO\VLVRI630(63,$,QIUDUHGVSHFWUDRI63DQG
630(63,$ ZHUH REWDLQHG E\ XVLQJ D )7,5$75
3HUNLQ(OPHU 6SHFWUXP   VSHFWURSKRWRPHWHU LQ
WKH WUDQVPLWLRQ PRGH LQ WKH ZDYHQXPEHU UDQJH RI
 FPí ZLWK $75 DSSDUDWXV 7KH WKHUPR
JUDYLPHWULFDQDO\VLVZDVSHUIRUPHGE\3HUNLQ(OPHU
'LDPRQGVLPXOWDQHRXV'7$7*GHYLFHLQWHPSHUD
WXUHVFDQUDWHRI&SHUPLQXWHLQWKHWHPSHUDWXUH
UDQJHRI&XQGHU1DWPRVSKHUH,QRUGHU
WRLQYHVWLJDWHWKHPRUSKRORJLFDOSURSHUWLHVVFDQQLQJ
HOHFWURQ PLFURVFRSH 6(0(';  ZDV XVHG =HLVV
(92/6 
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),*85($
6FKHPDWLFLOOXVWUDWLRQRI0(63,$SURGXFWLRQSURFHVV


),*85(%
6FKHPDWLFLOOXVWUDWLRQRIPRGLILFDWLRQSURFHVV

ZLWK0(63,$WKHVXUIDFHDUHDKDVGHFUHDVHGWR
PJ7KHGHFUHDVHLQWKHVXUIDFHDUHDPD\EHGXHWR
WKHGHFRPSRVLWLRQRIWKHFU\VWDOVWUXFWXUHRIWKHVH
SLROLWHDQGWKHUHGXFWLRQRIPLFURSRUHVE\PRGLILFD
WLRQSURFHVV>@

)7,5$75$QDO\VLV7KHPRGLILFDWLRQRIWKH
VHSLROLWHDQGWKHV\QWKHVLVRIWKHPRGLILHUKDVEHHQ
SURYHQE\)7,5$75VSHFWURVFRS\&RPSDULVRQRI
WKH VSHFWUD LQ )LJXUH  VKRZV WKDW WKH 0(63,$ LV
V\QWKHVL]HG ,Q WKH VSHFWUXP RI $376 SHDNV DW
 FP EHORQJ WR DOLSKDWLF &+ VWUHWFKLQJ
YLEUDWLRQV DQG WKDW DW  FP 6L2 YLEUDWLRQV
$JDLQLQWKHVSHFWUXPRI'0$%SHDNDWFP

LVUHODWHGWRDOLSKDWLF&+YLEUDWLRQWKRVHDW
FPDOGHK\GH&+YLEUDWLRQVDQGWKDWDW
FP DOGHK\GH & 2 YLEUDWLRQ ,Q WKH VSHFWUXP RI
0(63,$WKH& 1YLEUDWLRQEDQGRIWKHLPLQHVWUXF
WXUHDSSHDUV%XWWKHVWUHWFKLQJYLEUDWLRQDWFP

RIWKHFDUERQ\OJURXSRI'0$%KDVGLVDSSHDUHG
7KH)7,5$75VSHFWUDRIVHSLROLWHDQGPRGLILHGVH
SLROLWHDUHVKRZQLQ)LJXUH$IWHUPRGLILFDWLRQWKH
EDQGV RI 2+ GHIRUPDWLRQ DW  FP DQG 6L2
VWUHWFKLQJDWFPVKLIWWRFPDQGFP

UHVSHFWLYHO\>@,QDGGLWLRQWKHZLGH2+EDQG
DW  FP VKLIWHG WR  FP DQG LWV LQWHQVLW\
GHFUHDVHG 0RVW LPSRUWDQWO\ WKH YLEUDWLRQV RI
0(63,$DWDQGFPZHUHDOVRRE
VHUYHGRQWKHVSHFWUXPRIWKHPRGLILHGVHSLROLWH

7* $QDO\VLV 7* WHUPRJUDPV RI 63 DQG 63
0(63,$XQGHULQHUWHQYLURQPHQWLQWKHUDQJHRI
&DUHVKRZQLQ)LJXUH7KHUPRJUDPRIVH
SLROLWHKDVIRXUSDUWVWKDWKDYHGLIIHUHQWVORSHV



$GVRUSWLRQ6WXGLHV$GVRUSWLRQVWXGLHVRI0%
ZHUHFDUULHGRXWE\XVLQJ630(63,$DGVRUEHQW
P/DTXHRXVVROXWLRQVRI0%DWGLIIHUHQWLQLWLDOG\H
FRQFHQWUDWLRQV  0  S+V    DQG  
LRQLFVWUHQJWKV DQG01D&O DQG
WHPSHUDWXUHV   DQG  R&  ZHUH VKDNHQ PH
FKDQLFDOO\ ZLWK  J 630(63,$ IRU  KRXUV
6WRFNVROXWLRQZDVSUHSDUHGLQGHLRQL]HGZDWHUIRU
0% DQG IXUWKHU H[SHULPHQWDO VROXWLRQV ZHUH SUH
SDUHGIURPWKHVWRFNVROXWLRQE\VXFFHVVLYHGLOXWLRQ
7KH S+ RI WKH VROXWLRQ ZDV DGMXVWHG ZLWK GLOXWHG
1D2+RU+&OVROXWLRQE\XVLQJDQ2ULRQ$S+
PHWHU7KHS+PHWHUZDVFDOLEUDWHGZLWK1%6EXII
HUVEHIRUHHDFKPHDVXUHPHQW7RNHHSWKHWHPSHUD
WXUHFRQVWDQWDQDJLWDWRULQFXEDWRUZDVXVHGIRUWKH
DGVRUSWLRQH[SHULPHQWV$WWKHHQGRIDGVRUSWLRQSH
ULRGVROXWLRQVZHUHFHQWULIXJHGDWUSPIRU
PLQXWHDQGWKHQGLOXWHG7KH0%FRQFHQWUDWLRQLQ
VROXWLRQDIWHUDGVRUSWLRQSURFHVVZDVGHWHUPLQHGE\
899LVVSHFWURPHWHU7KHDPRXQWVRIWKHDGVRUEHG
0%ZHUHFDOFXODWHGIURPWKHFRQFHQWUDWLRQVLQVROX
WLRQVEHIRUHDQGDIWHUDGVRUSWLRQDFFRUGLQJWR(TXD
WLRQ  

ୣ ൌ ሺ୭ െ ୣ ሻ   
ZKHUH&RDQG&HDUHWKHLQLWLDODQGHTXLOLEULXP
OLTXLGSKDVHFRQFHQWUDWLRQVRI0%VROXWLRQ PJ/ 
UHVSHFWLYHO\THLVHTXLOLEULXP0%FRQFHQWUDWLRQRQ
DGVRUEHQW PJJ 9LVWKHYROXPHRI0%G\HVROX
WLRQ / DQG:LVWKHPDVVRIDGVRUEHQW J >@


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

&KDUDFWHUL]DWLRQRI$GVRUEHQW%(7$QDO\
VLV 7KH VXUIDFH DUHD RI VHSLROLWH ZDV PHDVXUHG DV
 PJ $V D UHVXOW RI PRGLILFDWLRQ RI VHSLROLWH
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),*85(
)7,5$75VSHFWUDRI$376'0$%DQG0(63,$
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),*85(
)7,5$75VSHFWUDRIVHSLROLWHDQGPRGLILHGVHSLROLWH










E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


6WHS,
 ଼ ଵଶ ଷ ሺ ሻସ ή ሺ ଶ ሻସ ή ͺ ଶ  ՞  ଼ ଵଶ ଷ ሺ ሻସ ή ሺ ଶ ሻସ  ͺ ଶ   
6WHS,,
 ଼ ଵଶ ଷ ሺ ሻସ ή ሺ ଶ ሻସ ՞  ଼ ଵଶ ଷ ሺ ሻସ ή ሺ ଶ ሻଶ  ʹ ଶ   
  
6WHS,,,
 ଼ ଵଶ ଷ ሺ ሻସ ή ሺ ଶ ሻଶ ՜  ଼ ଵଶ ଷ ሺ ሻସ  ʹ ଶ  



  
6WHS,9
 ଼ ଵଶ ଷ ሺ ሻସ o ଼ ଵଶ  ʹ ଶ 

)URVW DQG 'LQJ VWDWHG WKDW XS WR  &
SLROLWHVDPSOHV7KHSHUFHQWHOHPHQWDOFRQWHQWVFDO
ERWKK\JURVFRSLF DQG ]HROLWLF ZDWHU ZHUH ORVW >@
FXODWHGIURP(';DQDO\VLVRIWKHVHSLROLWHDQGPRG
%HWZHHQ  DQG & ERXQG ZDWHU ZHUH ORVW
LILHGVHSLROLWHVDPSOHVZHUHJLYHQLQ7DEOH,QWKH
PRUHVWURQJO\ERXQGZDWHU FRRUGLQDWHGZDWHU DQG
('; SDWWHUQV RI VHSLROLWH SHDNV FRUUHVSRQGLQJ WR
WKHK\GUR[\OXQLWVZHUHORVWLQWKHWHPSHUDWXUHUDQJH
WKHHOHPHQWVVXFKDV26LDQG0JZHUHREVHUYHG
&,QWKLVVWXG\VHSLROLWHDOVRGHJUDGHVLQ
DQGWKHSHUFHQWRIWKHVHHOHPHQWVZHUHGHWHUPLQHG
IRXUVWHSV7KHILUVWVWHSRFFXUVEHIRUH&DQGLV
DVDQGZWUHVSHFWLYHO\7KHVH
DWWULEXWHGWRWKHORVVRIDGVRUEHGZDWHU7KHVHFRQG
UHVXOWVDUHFRPSDWLEOHZLWKWKHOLWHUDWXUH>@:KHQ
WKLUGDQGILQDOVWHSVZHUHREVHUYHGDWDQG
WKH HOHPHQWDO FRPSRVLWLRQV RI QDWXUDO DQG RUJDQR
&UHVSHFWLYHO\1DJDWDHWDOSURSRVHGDVHWRI
PRGLILHGVHSLROLWHVDPSOHVZHUHFRPSDUHG&DQG1
UHDFWLRQVWHSVIRUWKHGHK\GUDWLRQDQGGHK\GUR[\OD
HOHPHQWVZHUHDOVRDSSHDUHGLQWKHVWUXFWXUHRIWKH
WLRQRIVHSLROLWH>@7KHVHVWHSVFRUUHVSRQGWRWKH
PRGLILHGVHSLROLWHDQGWKHSHUFHQWRIWKHVHHOHPHQWV
ORVVRIDGVRUEHGZDWHUWKHORVVRIK\GUDWLRQZDWHU
LQVWUXFWXUHZHUHDSSUR[LPDWHO\DQGZWUH
WKHORVVRIFRRUGLQDWLRQZDWHUDQGWKHORVVRIZDWHU
VSHFWLYHO\7KLVZDVSURRIWKDWWKHQDWXUDOVHSLROLWH
WKURXJK GHK\GUR[\ODWLRQ 6XFK D VFKHPH LV UHSUH
VXUIDFH ZDV PRGLILHG ZLWK 0(63,$ 7KH DSSHDU
VHQWHGE\WKHIROORZLQJFKHPLFDOHTXDWLRQV 
DQFHRIQLWURJHQDQGFDUERQDWRPVLQDGGLWLRQWR6L
 
DQG2DWRPVLQ(';SDWWHUQRIWKHPRGLILHGVHSLR
,Q 7* WKHUPRJUDPV WKH GHJUDGDWLRQ VWHSV RI
OLWHFRQILUPHGWKHPRGLILFDWLRQ
WKHPRGLILHGVHSLROLWHDUHGLIIHUHQWIURPWKRVHRIWKH

VHSLROLWH%HFDXVHWKHPRGLILHUXVHGLQWKLVPRGLIL
$GVRUSWLRQ HTXLOLEULXP 7KH DGVRUSWLRQ RI
FDWLRQLVDQRUJDQLFVXEVWDQFH0RGLILHGVHSLROLWHGH
0% G\H RQ PRGLILHG VHSLROLWH IURP DTXHRXV VROX
JUDGHVLQVWHSVDQGKLJKHUWHPSHUDWXUHV:KLOHWKH
WLRQV ZDV LQYHVWLJDWHG DV D IXQFWLRQ RI S+ LRQLF
UHVLGXDODPRXQWRIVHSLROLWHLVZWWKHUHVLG
VWUHQJWKDQGWHPSHUDWXUH
XDODPRXQWRIWKHPRGLILHGVHSLROLWHLVZW

7KLVUHVXOWVKRZVWKDWVHSLROLWHLVWKHUPDOO\PRUHVWD
(IIHFWRIS+S+LVRQHRIWKHPRVWLPSRUWDQW
EOHWKDQPRGLILHGVHSLROLWH7KLVPD\EHGXHWRWKH
IDFWRUVZKLFKFRQWUROVWKHDGVRUSWLRQH[WHQWRIG\HV
K\GURSKRELFFKDUDFWHURIWKHVLODQL]HGVHSLROLWH>@
RQ R[LGH VXUIDFHV $GVRUSWLRQ SURFHVV XVXDOO\ GH
7KHUPDOGDWDREWDLQHGIURP7*DQDO\]HVDOVRVXP
SHQGVRQWKHHOHFWURNLQHWLFSURSHUWLHVRIR[LGHZKLFK
PDUL]HGLQ7DEOH
GHWHUPLQHV ZLWK +2+ DPRXQW >@ 7KH DGVRUS
WLRQEHKDYLRURI0%RQPRGLILHGVHSLROLWHZDVVWXG

LHGRYHUDZLGHS+UDQJHRI±)LJXUHLQGLFDWHV
6(0(';$QDO\VLV)LJXUHVKRZVWKH6(0
WKHHIIHFWRIS+WRWKHUHPRYDORI0%RQPRGLILHG
PLFURJUDSK RI WKH VHSLROLWH DQG PRGLILHG VHSLROLWH
VHSLROLWHIURPDTXHRXVVROXWLRQV,WLVVHHQWKDWWKH
7KHFOD\VDPSOHVH[KLELWVILEURXVPRUSKRORJ\DQG
KLJKHU WKH S+ WKH KLJKHU WKH DGVRUEHG DPRXQW RI
DQXPEHURIVHSLROLWHILEHUVFRQJUHJDWHLQWREXQGOHV
0% RQ PRGLILHG VHSLROLWH0D[LPXP 0% UHPRYDO
ZLWKPRGLILFDWLRQ7KLVLVDQLPSRUWDQWUHVXOWLQH[
ZDVREVHUYHGDWS+7KHLQFUHDVHLQDGVRUSWLRQFDQ
SODLQLQJWKHGHFUHDVHLQVXUIDFHDUHDZLWKWKHPRGL
EHH[SODLQHGE\FRQVLGHULQJWKHVXUIDFHFKDUJHRIDG
ILFDWLRQSURFHVV(QHUJ\GLIIXVHU;UD\VSHFWURVFRS\
VRUEHQW,Q RXU SUHYLRXV VWXG\ ZH LQYHVWLJDWHG WKH
('; DQDO\VLVWRJHWKHUZLWK6(0LPDJHVZDVSHU
]HWDSRWHQWLDORIVHSLROLWHVXVSHQVLRQVDVDIXQFWLRQ
IRUPHGWRGHVFULEHWKHFKHPLFDOFRPSRVLWLRQRIWKH
RIS+DQGIRXQGWKDWVHSLROLWHKDGDQLVRHOHFWULFDO
VHSLROLWHDQGWRH[SODLQWKHFKDQJHLQWKHVWUXFWXUHRI
SRLQW DW S+  $FFRUGLQJ WR WKLV UHVXOW LW FDQ EH
WKHRUJDQRPRGLILHG VHSLROLWH )LJXUH DOVR VKRZV
VDLGWKDWVHSLROLWH
(';PDSSLQJLPDJHVRIVHSLROLWHDQGPRGLILHGVH

7$%/(
7KHWKHUPDOGDWDREWDLQHGIURP7*DQDO\VLVRIVDPSOHV
)LUVWVWHS
6HFRQGVWHS
7KLUGVWHS
)RXUWKVWHS
:HLJKW
:HLJKW 5HVLGXH
7PD[ :HLJKW 7PD[
7PD[R :HLJKW 7PD[
$GVRUEHQW
R
R
R
&
ORVV
&
ORVV
&
ORVV
&
ORVV





6HSLROLWH









0RGLILHG









VHSLROLWH
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),*85(
7*DQGG>7*@FXUYHVRIVHSLROLWHDQGPRGLILHGVHSLROLWH






D

E
),*85(
6(0LPDJHV(';SDWWHUQDQG0DSSLQJLPDJHVRIDVHSLROLWHDQGEPRGLILHGVHSLROLWHUHVSHFWLYHO\
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6DPSOHV
6HSLROLWH
630(63,$

7$%/(
3HUFHQWHOHPHQWDOFRQWHQWVREWDLQHGIURP6(0(';DQDO\VLV
2ZW
6LZW
0JZW
&ZW










1ZW








TH[ PROJ
















PRO/



&H[

),*85(
7KHHIIHFWRIS+WRWKHDGVRUSWLRQRI0%RQWRPRGLILHGVHSLROLWH

VXUIDFHH[KLELWVSRVLWLYH]HWDSRWHQWLDOYDOXHVDWWKH
ORZHUS+YDOXHVIURPS+DQGQHJDWLYH]HWDSR
WHQWLDO YDOXHVDW WKHKLJKHU S+YDOXHV IURP S+
>@$VWKHS+RIWKHG\HVROXWLRQEHFRPHVKLJKHU
WKHDVVRFLDWLRQRIG\HFDWLRQVZLWKPRUHQHJDWLYHO\
FKDUJHGPRGLILHGVHSLROLWHVXUIDFHFDQPRUHHDVLO\
WDNHSODFHHT  DERYH>@
$ VLPLODU HIIHFW ZDV SUHYLRXVO\ UHSRUWHG E\
0DOODQG8SDGK\D\>@IRU0%DGVRUSWLRQRQIO\
DVKSDUWLFOHVDQG'RJDQDQG$ONDQ>@IRUPHWK\O
YLROHWDGVRUSWLRQRQSHUOLWH







(IIHFWRI,RQLF6WUHQJWK'LIIHUHQWSDUDPHWHUV
FDQDIIHFWWKHDGVRUSWLRQRI0%RQPRGLILHGVHSLR
OLWH)LJXUHVKRZVWKHDGVRUSWLRQLVRWKHUPVRI0%
RQ PRGLILHG VHSLROLWH DW GLIIHUHQW 1D&O [
[ DQG [ PRO/  FRQFHQWUDWLRQV 7KH
DPRXQW RI DGVRUEHG 0% RQ PRGLILHG VHSLROLWH LQ
FUHDVHVDQGWKHQUHDFKHVVDWXUDWLRQ7KHSUHVHQFHRI
1D&OLQWKHVROXWLRQPD\KDYHWZRRSSRVLWHHIIHFWV
2QWKHRQHKDQGVLQFHWKHVDOWVFUHHQVWKHHOHFWUR
VWDWLFLQWHUDFWLRQRIRSSRVLWHFKDUJHVRIWKHVXUIDFH
DQGWKHG\HPROHFXOHVWKHDGVRUEHGDPRXQWVKRXOG
GHFUHDVHZLWKLQFUHDVHRI1D&OFRQFHQWUDWLRQ2QWKH
RWKHUKDQGWKHVDOWFDXVHVDQLQFUHDVHLQWKHGHJUHH
RIGLVVRFLDWLRQRIWKHG\HPROHFXOHVE\IDFLOLWDWLQJ
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),*85(
7KHHIIHFWRILRQLFVWUHQJWKWRWKHDGVRUSWLRQRI0%RQWRPRGLILHGVHSLROLWH

WKHSURWRQDWLRQ6LQFHWKHGLVVRFLDWHGIUHHG\HLRQV
IRUHOHFWURVWDWLFDOO\ELQGLQJRQWRRSSRVLWHO\FKDUJHG
VROLGVXUIDFHLQFUHDVHWKHDPRXQWDGVRUEHGDOVRLQ
FUHDVH>@7KHODWWHUHIIHFWVHHPVWREHGRPLQDQW
RQWKHDGVRUSWLRQFDSDFLW\RIWKHVXUIDFH)RUWKHDG
VRUSWLRQ RI %%) E\ VRLOV DQG PDODFKLWH JUHHQ E\
KXVNEDVHGDFWLYDWHGFDUERQWKHDGVRUSWLRQZDVDOVR
IRXQG WR LQFUHDVH ZLWK LQFUHDVLQJ LRQLF VWUHQJWK
>@

(IIHFWRI7HPSHUDWXUHDQG7KHUPRG\QDPLF
3DUDPHWHUV)LJXUHVKRZVWKHHIIHFWRIWHPSHUD
WXUHWRDGVRUSWLRQRI0%RQPRGLILHGVHSLROLWH7KH
DGVRUSWLRQZDVFDUULHGRXWDWWKUHHGLIIHUHQWWHPSHU
DWXUHVIURPWR.ZLWKDQLQWHUYDORI.
7KHDGVRUSWLRQRI0%LPSURYHGVWHDGLO\ZLWKDQLQ
FUHDVHLQDGVRUSWLRQWHPSHUDWXUH7KLVPD\EHDUH
VXOWRILQFUHDVHWKHUDWHRIGLIIXVLRQRIWKHDGVRUEDWH
PROHFXOHVDFURVVWKHH[WHUQDOERXQGDU\OD\HUDQGLQ
WKHLQWHUQDOSRUHVRIWKHDGVRUEHQWSDUWLFOHRZLQJWR
WKH GHFUHDVH LQ WKH YLVFRVLW\ RI WKH VROXWLRQ DQG
FKDQJHWKHHTXLOLEULXPFDSDFLW\RIWKHDGVRUEHQWIRU
DSDUWLFXODUDGVRUEDWH$QLQFUHDVLQJQXPEHURIPRO
HFXOHVPD\DOVRDFTXLUHVXIILFLHQWHQHUJ\WRXQGHUJR
DQ LQWHUDFWLRQ ZLWK DFWLYH VLWHV DW WKH VXUIDFH )XU
WKHUPRUH LQFUHDVLQJ WHPSHUDWXUH PD\ SURGXFH D
VZHOOLQJ HIIHFW ZLWKLQ WKH LQWHUQDO VWUXFWXUH RI WKH
PRGLILHG VHSLROLWH HQDEOLQJ ODUJH G\HV WR SHQHWUDWH
IXUWKHU DV IRXQG E\ $V IRXU HW DO >@ ,QFUHDVH LQ



UDLVLQJ WHPSHUDWXUH RI WKH DGVRUSWLRQ FDSDFLW\ RI
PRGLILHGVHSLROLWHLPSOLHVWKDWWKHHQWKDOS\FKDQJH
KDV SRVLWLYH YDOXHV LQGLFDWLQJ WKDW WKH DGVRUSWLRQ
SURFHVVRI0%RQPRGLILHGVHSLROLWHZDVHQGRWKHU
PLF
7KH FKDQJH LQ VWDQGDUG IUHH HQHUJ\ HQWKDOS\
DQGHQWURS\RIDGVRUSWLRQZHUHFDOFXODWHGXVLQJWKH
IROORZLQJHTXDWLRQV>@

οௌ 

οு 



݈݊ ܭൌ ோ െ ோ் 


ο ܩൌ ο ܪെ ܶοܵ  


ZKHUH5LVWKHLGHDOJDVFRQVWDQW -PRO
.  DQG 7 LV WKH WHPSHUDWXUH .  ,Q WKLV VWXG\ WKH
WKHUPRG\QDPLFSDUDPHWHUVǻ*Rǻ6RDQGǻ+RIRU
WKHDGVRUSWLRQSURFHVVZHUHFRPSXWHGIURPWKHSORWV
RIOQ.YHUVXV7 )LJXUH DQGJLYHQLQ7DEOH
7KLVFXUYHKDVDKLJKUHJUHVVLRQFRHIILFLHQW  
$FFRUGLQJWR9DQ¶W+RIIHTXDWLRQSRVLWLYHYDOXHVRI
¨+R  N-PRO  VKRZ WKH HQGRWKHUPLF QDWXUH RI
DGVRUSWLRQ7KHQHJDWLYHYDOXHVRI¨*R 
DQGNMPRO LQGLFDWHWKHVSRQWDQHRXVQDWXUHRI
DGVRUSWLRQ7KHSRVLWLYHYDOXHVRI¨6R -PRO. 
VXJJHVWWKHLQFUHDVLQJUDQGRPQHVVDWWKHVROLGVROX
WLRQLQWHUIDFHGXULQJWKHDGVRUSWLRQRI0%RQWRPRG
LILHGVHSLROLWH
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),*85(
7KHHIIHFWRIWHPSHUDWXUHWRWKHDGVRUSWLRQRI0%RQPRGLILHGVHSLROLWH




7$%/(
7KHUPRG\QDPLFSDUDPHWHUVFDOFXODWHGIRU0%DGVRUSWLRQRQPRGLILHGVHSLROLWH
3DUDPHWHUV
ǻ+
ǻ6
ǻ*
$GVRUEDWH
$GVRUEHQW
N-PRO 
-PRO. 
N-PRO 
WR& 
S+

QDWXUDO

0%
630(63,$

QDWXUDO




QDWXUDO


,VRWKHUP$QDO\VLV7KHSURSHUWLHVRIDGVRUS
WLRQ SURFHVV DUH JHQHUDOO\ GHWHUPLQHG WKURXJK DG
VRUSWLRQ LVRWKHUPV 7KH DGVRUSWLRQ LVRWKHUP LQGL
FDWHV KRZ WKH DGVRUEDWH PROHFXOHV GLVWULEXWH EH
WZHHQWKHOLTXLGSKDVHDQGWKHVROLGSKDVHZKHQWKH
DGVRUSWLRQSURFHVVUHDFKHVDQHTXLOLEULXPVWDWH>@
$PRQJ VHYHUDO LVRWKHUP HTXDWLRQV WZR LPSRUWDQW
LVRWKHUPVWKH/DQJPXLUDQG)UHXQGOLFKLVRWKHUPV
ZHUHVHOHFWHGLQWKLVVWXG\7KH/DQJPXLUWKHRU\DV
VXPHV WKDW VRUSWLRQ WDNHV SODFH DW VSHFLILF VLWHV
ZLWKLQWKHDGVRUEHQWZKLFKPHDQVWKDWRQFHDG\H
PROHFXOHRFFXSLHVDVLWHQRIXUWKHUDGVRUSWLRQFDQ
WDNHSODFHDWWKDWVLWH>@7KHOLQHDUL]HG/DQJPXLU
HTXDWLRQFDQEHUHSUHVHQWHGDVIROORZV>@

ଵ

ൌ
   


ೌೣ 

LQWHUFHSWTPD[.ZKHQDGVRUSWLRQIROORZVWKH/DQJ
PXLUHTXDWLRQ
7KH )UHXQGOLFK PRGHO DVVXPHV WKDW WKH VRUS
WLRQWDNHVSODFHRQKHWHURJHQHRXVVXUIDFHVDQGDG
VRUSWLRQ FDSDFLW\ GHSHQGV RQ WKH FRQFHQWUDWLRQ RI
G\HV DW HTXLOLEULXP 7KH ZHOONQRZQ ORJDULWKPLF
IRUPRI)UHXQGOLFKPRGHOLVJLYHQE\WKHIROORZLQJ
HTXDWLRQ>@
ଵ
 
݈݊ݍ ൌ ݈݊ܭி  ݈݊ܥ 

ZKHUH.)DQGQDUHWKH)UHXQGOLFKFRQVWDQWVUH
ODWHGWRDGVRUSWLRQFDSDFLW\DQGDGVRUSWLRQLQWHQVLW\
UHVSHFWLYHO\ ,I Q LW LQGLFDWHV D IDYRUDEOH DG
VRUSWLRQ6RWKHSORWRIOQTHDJDLQVWOQ&HDFFRUGLQJ
WR (T   VKRXOG JLYH D OLQHDU UHODWLRQVKLS IURP
ZKLFKQDQG.)FDQEHGHWHUPLQHGIURPWKHVORSH
DQGWKHLQWHUFHSWUHVSHFWLYHO\
$GVRUSWLRQLVRWKHUPVZHUHREWDLQHGXVLQJ(TV
 DQG   )LJXUHVQRWVKRZQ 7KHSDUDPHWHUVRI
WKH LVRWKHUP PRGHOV FDOFXODWHG IURP WKH H[SHUL
PHQWDOGDWDDQGWKHYDOXHVRIFRUUHODWLRQFRHIILFLHQW
5 ZHUHSUHVHQWHGLQ7DEOH$OOYDOXHVRIQDUH

ೌೣ

ZKHUH TPD[ LV WKH PD[LPXP DPRXQW RI DGVRUSWLRQ
PROJ .LVWKHDIILQLW\FRQVWDQW /PRO DQG&HLV
WKH VROXWLRQ FRQFHQWUDWLRQ DW HTXLOLEULXP PRO/ 
$FFRUGLQJWRWKH(TXDWLRQ  DSORWRI&HTHYHUVXV
&HVKRXOGEHDVWUDLJKWOLQHZLWKDVORSHTPD[ DQG



E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


VPDOOHUWKDQWKRVHDWKLJKWHPSHUDWXUHVIURPZKLFK
LW FDQ EH GHGXFHG WKDW WKH DGVRUSWLRQ EHKDYLRU LV
PRUHHIIHFWLYHDWORZWHPSHUDWXUH
7DEOHOLVWVWKHPD[LPXPPRQROD\HUDGVRUS
WLRQ YDOXHV TPD[  RI 0% RQ GLIIHUHQW DGVRUEHQWV
%DVHGRQWKHGDWDLQ7DEOHLWZDVIRXQGWKDWPRG
LILHGVHSLROLWHGLVSOD\HGDTXLWHKLJKDGVRUSWLRQFD
SDFLW\IRU0%$GGLWLRQDO\LQWKHSUHYLRXVVWXG\UH
ODWHGWR0%DGVRUSWLRQRQWRUDZVHSLROLWH>@WKH
TPD[YDOXHVZHUHLQWKHUDQJHRI[[
PROJ,QWKLVVWXG\WKHTPD[YDOXHVZHUHLQWKHUDQJH
RI[[PROJ


&21&/86,216

,QWKLVVWXG\ILUVWO\0(63,$ZDVV\QWKHVL]HG
E\FRQGHQVDWLRQUHDFWLRQRI GLPHWK\ODPLQR EHQ
]DOGHK\GHDQGDPLQRSURS\OWULHWKR[\VLODQH7KHQ
VHSLROLWH VXUIDFH ZDV PRGLILHG E\ 0(63,$ 63
0(63,$ ZDV FKDUDFWHUL]HG E\ )7,5$75 %(7
'7$7* DQG 6(0('; 7KH UHPRYDO RI 0% RQ
PRGLILHG VHSLROLWH ZDV V\VWHPDWLFDOO\ LQYHVWLJDWHG
XQGHU YDULRXVFRQGLWLRQV )7,5$75 DQDO\VLV FRQ
ILUPHGWKHPRGLILFDWLRQ%(7VXUIDFHDUHDDQDO\VLV
VKRZHGWKDWVXUIDFHDUHDRI630(63,$GHFUHDVHG
ZLWKPRGLILFDWLRQ6HSLROLWHGHJUDGHGLQIRXUVWHSV
ZKLOH

VPDOOHU WKDQ  7KH FRUUHODWLRQ FRHIILFLHQWV IRU
)UHXQGOLFKLVRWKHUPDUHLQWKHUDQJHRI
LQGLFDWLQJ WKDW WKH LVRWKHUP LV QRW FRPSDWLEOH ZLWK
WKHH[SHULPHQWDOUHVXOWV5YDOXHVIRUWKH/DQJPXLU
LVRWKHUP DUH KLJKHU WKDQ WKRVH IRU )UHXQGOLFK LVR
WKHUP,WLVFOHDUWKDWWKHHTXLOLEULXPDGVRUSWLRQGDWD
FRPSDWLEOH ZLWK /DQJPXLU LVRWKHUP PRGHO ZKLFK
VXJJHVWVWKDWWKHDGVRUSWLRQLVDSURFHVVZKLFKRF
FXUVLQDKRPRJHQHRXVVXUIDFH$GGLWLRQDOO\WKHVH
UHVXOWVDOVRH[SODLQQRLQWHUDFWLRQDQGWUDQVPLJUDWLRQ
RIG\HVLQWKHSODQHRIWKHQHLJKERULQJVXUIDFH>@
$VFDQEHVHHQIURP7DEOHWKHYDOXHRI. /DQJ
PXLU FRQVWDQW  LQFUHDVHG ZLWK LQFUHDVLQJ WHPSHUD
WXUHZKLFKVKRZWKDWKLJKWHPSHUDWXUHIDYRUHGWKH
DGVRUSWLRQSURFHVV
7KHVKDSHRIWKHLVRWKHUPPD\DOVREHFRQVLG
HUHGZLWKDYLHZWRSUHGLFWLQJLIDQDGVRUSWLRQV\V
WHPLVµIDYRXUDEOH¶RUµXQIDYRXUDEOH¶7KHHVVHQWLDO
FKDUDFWHULVWLFV RI /DQJPXLU LVRWKHUP FDQ EH H[
SUHVVHGE\DGLPHQVLRQOHVVFRQVWDQWFDOOHGHTXLOLE
ULXPSDUDPHWHU>@
ଵ
  
ܴ ൌ
ଵା

ZKHUH5/LQGLFDWHVWKHVKDSHRIWKHLVRWKHUPWR
EHHLWKHUXQIDYRUDEOH 5/! OLQHDU 5/  IDYRUD
EOH 5/ RULUUHYHUVLEOH 5/  ,WFDQEHRE
VHUYHGIURP7DEOHWKDWDOOYDOXHVRI5/DUHEHWZHHQ
DQGLQGLFDWLQJWKHDGVRUSWLRQSURFHVVZDVIDYRU
DEOH 7KH YDOXHV RI 5/ DW ORZ WHPSHUDWXUHV DUH


),*85(
3ORWRIOQ.YHUVXV7IRUDGVRUSWLRQRI0%RQPRGLILHGVHSLROLWH
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7$%/(
,VRWKHUPSDUDPHWHUVFDOFXODWHGIRU0%DGVRUSWLRQRQWRPRGLILHGVHSLROLWH
3DUDPHWHUV
7HPSHUD
S+
WXUH
R
&


>,@
PRO/






















































/DQJPXLULVRWKHUP
TPD[ H[S 
.
TPD[ FDO 
PROJ [ /PRO 
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)UHXQGOLFKLVR
WKHUP
5











7$%/(
7KHPD[LPXPPRQROD\HUDGVRUSWLRQFDSDFLWLHVFDOFXODWHGIRU
WKHDGVRUSWLRQRI0%RQWRGLIIHUHQWDGVRUEHQW
5HIHUHQFHV
$GVRUEHQWV
qPD[[ PROJ 
3\URSK\OOLWH

>@
=HROLWH

>@
6RQLFDWHGVHSLROLWH

>@
0RGLILHGFKLWRVDQ

>@
&KLWRVDQPRGLILHG]HROLWH

>@
1DWXUDOVHSLROLWH

>@
&OD\ELRFKDUFRPSRVLWH

>@
&KLWRVDQVHSLROLWHFRPSRVLWHZW

>@
&X2DFLGPRGLILHGVHSLROLWH

>@
3DO$37(66HS$37(6

>@
1DWXUDOFOD\

>@
$OJHULDQSDO\JRUVNLWH

>@
6HSLROLWH

>@
630(63,$

,QWKLVVWXG\


PRGLILHG VHSLROLWH GHJUDGHG LQ WKUHH VWHSV DQG DW
VSRQWDQHRXVZLWKLQFUHDVLQJWHPSHUDWXUHDQGHQGR
KLJKHU WHPSHUDWXUHV 7KH DGVRUEHG DPRXQW RI 0%
WKHUPLFSURFHVV7KHGLPHQVLRQOHVVVHSDUDWLRQIDFWRU
G\HRQPRGLILHGVHSLROLWHLQFUHDVHGZLWKLQFUHDVLQJ
5/ YDOXHVLQGLFDWHGIDYRUDEOHDGVRUSWLRQ
S+LRQLFVWUHQJWKDQGWHPSHUDWXUH7KHDGVRUSWLRQ

GDWD ZHUH HYDOXDWHG E\ /DQJPXLU DQG )UHXQGOLFK

LVRWKHUP HTXDWLRQV DQG /DQJPXLU DGVRUSWLRQ LVR
5()(5(1&(6
WKHUPZDVLQJRRGDJUHHPHQWZLWKWKHH[SHULPHQWDO

GDWD 7KH QHJDWLYH YDOXHV RI ¨* DQG WKH SRVLWLYH
>@ :RQJ <& 6]HWR <6 &KHXQJ :+
YDOXHRI¨+LQGLFDWHWKHVSRQWDQHRXVQDWXUHRIDG
0F.D\*  $GVRUSWLRQRIDFLGG\HVRQ
VRUSWLRQDQGWKDWWKHDGVRUSWLRQUHDFWLRQLVHQGRWKHU
FKLWRVDQHTXLOLEULXPLVRWKHUPDQDO\VHV3URFHVV
PLF7KHSRVLWLYHYDOXHRI¨6VXJJHVWVLQFUHDVLQJ
%LRFKHP  
UDQGRPQHVVDWWKHVROLGOLTXLGLQWHUIDFHGXULQJWKH
>@ :DONHU*0+DQVHQ/+DQQD-$$OOHQ
DGVRUSWLRQ RI 0% RQWR PRGLILHG VHSLROLWH LQ WKH
6-  .LQHWLFVRIDUHDFWLYHG\HDGVRUSWLRQ
DTXHRXVVROXWLRQ,WLVXQGHUVWRRGIURPWKHWKHUPR
RQWR GRORPLWLF VRUEHQWV :DWHU 5HV   
G\QDPLFLQYHVWLJDWLRQWKDWWKHUHPRYDORI0%ZDV
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>@ $NVX = '|QPH] *   $ FRPSDUDWLYH
VWXG\RQWKHELRVRUSWLRQFKDUDFWHULVWLFVRIVRPH
\HDVWVIRU5HPD]RO%OXHUHDFWLYHG\H&KHPR
VSKHUH  
>@ 'R÷DQ0g]GHPLU<$ONDQ0  $G
VRUSWLRQNLQHWLFVDQGPHFKDQLVPRIFDWLRQLFPH
WK\OYLROHWDQGPHWK\OHQHEOXHG\HVRQWRVHSLR
OLWH'\HV3LJPHQWV
>@ /L-=KXDQJ;4XHURO;)RQW20RUHQR
1=KRX-  (QYLURQPHQWDOJHRFKHPLV
WU\ RI WKH IHHG FRDOV DQG WKHLU FRPEXVWLRQ E\
SURGXFWV IURP WZR FRDOILUHG SRZHU SODQWV LQ
;LQMLDQJ 3URYLQFH 1RUWKZHVW &KLQD )XHO 

>@ 'HQWHO 6. %RWWHUR -< .KDWLE .
'HPRXJHRW + 'XJXHW -3 $QVHOPH &
 6RUSWLRQRIWDQQLFDFLGSKHQRODQG
WULFKORURSKHQRO RQ RUJDQRFOD\V :DWHU 5HV

>@ 0XUUD\++  $SSOLHGFOD\PLQHUDORJ\
RFFXUUHQFHVSURFHVVLQJDQGDSSOLFDWLRQVRIND
ROLQV EHQWRQLWHV SDO\JRUVNLWHVHSLROLWH DQG
FRPPRQ FOD\V LQ 'HYHORSPHQW LQ &OD\ 6FL
HQFH  (OVHYLHU $PVWHUGDP 0XUUD\ ++
  $SSOLHG FOD\ PLQHUDORJ\ RFFXUUHQFHV
SURFHVVLQJDQGDSSOLFDWLRQVRINDROLQVEHQWRQ
LWHV SDO\JRUVNLWHVHSLROLWH DQG FRPPRQ FOD\V
LQ 'HYHORSPHQW LQ &OD\ 6FLHQFH  (OVHYLHU
$PVWHUGDP
>@ *ULP5(  &OD\0LQHUDORJ\0F*UDZ
+LOO1HZ<RUN
>@ 5\WZR*7URSS'6HUEDQ&  $GVRUS
WLRQRIGLTXDWSDUDTXDWDQGPHWK\OJUHHQRQVH
SLROLWHH[SHULPHQWDOUHVXOWVDQGPRGHOFDOFXOD
WLRQV$SSO&OD\6FL  
>@g]FDQ $ g]FDQ $6   $GVRUSWLRQ RI
$FLG5HGIURPDTXHRXVVROXWLRQVRQWRVXU
IDFWDQWPRGLILHG VHSLROLWH - +D]DUG 0DWHU
%
>@*|Ngg]FDQ$6g]FDQ$  $GVRUS
WLRQNLQHWLFVRIQDSKWKDOHQHRQWRRUJDQRVHSLR
OLWHIURPDTXHRXVVROXWLRQV'HVDOLQDWLRQ

>@$UJDVW 6   ([SDQGDEOH VHSLROLWH IURP
1LQHW\HDVW 5LGJH ,QGLDQ 2FHDQ &OD\V &OD\
0LQHU
>@<HEUD5RGULJXH]$0DUWLQ5DPRV-''HO
5H\)9LVHUDV&/RSH]*DOLQGR$  
(IIHFWRIDFLGWUHDWPHQWRQWKHVWUXFWXUHRIVHSL
ROLWH&OD\0LQHU
>@.XO $5 $OGHPLU $   &RPSDULVRQ RI
PHWK\OHQHEOXHDGVRUSWLRQSHUIRUPDQFHRQQDW
XUDO WKHUPDO DQG DFLG PRGLILHG NDROLQH LVR
WKHUP NLQHWLFV DQG WKHUPRG\QDPLFV VWXGLHV
)UHVHQ(QYLURQ%XOO  





>@'DL <- =KDQJ ') <DQ + -L < :X
:77DQDND6  (IIHFWRIFRQWDFWWLPH
VROXWLRQS+GRVDJHRIDGVRUEHQWLRQLFVWUHQJWK
DQG UHJHQHUDWLRQ RQ DGVRUSWLRQ EHKDYLRU RI
PHWK\OHQHEOXHRQVSHQWFRIIHHJURXQGV)UHVHQ
(QYLURQ%XOO  
>@'RJDQ =( 2]PHWLQ $. ,GHU ( .L
]LOGXPDQ %.   5HPRYDO RI PHWK\OHQH
EOXH RQ PLFUR DQG QDQRVL]HG HJJ VKHOO IURP
DTXHRXV VROXWLRQV )UHVHQ (QYLURQ %XOO 

>@3HKOLYDQ ) .L]LOGXPDQ %. %LFLO =
'RJDQ07XUKDQ<  6\QWKHVLVFKDU
DFWHUL]DWLRQ DQG HQYLURQPHQWDO DSSOLFDWLRQ RI
SRO\PHWK\OPHWKDDFU\ODWHJODVVILEHUFRPSRVLWH
)UHVHQ(QYLURQ%XOO  
>@7XUN\LOPD] $ 'RJDQ 0 $ONDQ 0  
&KDUDFWHUL]DWLRQ DQG DGVRUSWLYH SURSHUWLHV RI
DFWLYDWHG FDUERQ SUHSDUHG IURP ROLYH VWRQHV
)UHVHQ(QYLURQ%XOO $ 
>@'RJDQ0$EDN+$ONDQ0  $GVRUS
WLRQRIPHWK\OHQHEOXHRQWRKD]HOQXWVKHOO.L
QHWLFV PHFKDQLVP DQG DFWLYDWLRQ SDUDPHWHUV
-RXUQDO RI +D]DUGRXV 0DWHULDOV    

>@'RJDQ0$ONDQ02QJDQHU<  $G
VRUSWLRQRI0HWK\OHQH%OXHIURP$TXHRXV6R
OXWLRQRQWR3HUOLWH:DWHU$LU6RLO3ROOXW

>@<X-=RX$+H:/LX%  $GVRUS
WLRQ RI PL[HG G\H V\VWHP ZLWK FHW\OWULPH
WK\ODPPRQLXP EURPLGH PRGLILHG VHSLROLWH
&KDUDFWHUL]DWLRQ SHUIRUPDQFH NLQHWLFV DQG
WKHUPRG\QDPLFV :DWHU   $UWLFOH ,'

>@&KHQJ = <DQJ 5' =KX ;+   $G
VRUSWLRQEHKDYLRUVRIWKHPHWK\OHQHEOXHG\HRQ
WRPRGLILHGVHSLROLWHIURPLWVDTXHRXVVROXWLRQV
'HVDOLQDWLRQ DQG ZDWHU 7UHDWPHQW   

>@+DQ=;=KX=:X'':X-/LX<5
  $GVRUSWLRQ NLQHWLFV DQG WKHUPRG\QDP
LFVRIDFLG%OXHDQGPHWK\OHQHEOXHG\HVR
OXWLRQVRQQDWXUDOVHSLROLWH6\QWKHVLVDQG5HDF
WLYLW\ LQ ,QRUJDDQLF 0HWDO2UJDQLF DQG 1DQR
0HWDO&KHPLVWU\  
>@.XQFHN , 6HQHU 6   $GVRUSWLRQ RI
PHWK\OHQH EOXH RQ WR VRQLFDWHG VHSLROLWH IURP
DTXHRXV VROXWLRQV 8OWUDVRQLFV 6RQRFKHPLVWU\
  
>@'RJDQ07XUKDQ<$ONDQ01DPOÕ+
7XUDQ3'HPLUEDúg  )XQFWLRQDOL]HG
VHSLROLWHIRUKHDY\PHWDOLRQVDGVRUSWLRQ'HVDO
LQDWLRQ
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>@*HUPDQ+HLQV-)OXU\0  6RUSWLRQRI
%ULOOLDQW%OXH)&)LQVRLOVDVDIIHFWHGE\S+DQG
LRQLFVWUHQJWK*HRGHUPD
>@$VIRXU+0)DGDOL2$1DVVDU00(O
*HXQGL06  (TXLOLEULXPVWXGLHVRQDG
VRUSWLRQ RI EDVLF G\HV RQ KDUGZRRG &KHP
7HFKQRO%LRWHFKQRO$
>@+H -+RQJ6 =KDQJ /*DQ)+R<6
  (TXLOLEULXP DQG 7KHUPRG\QDPLF
3DUDPHWHUV RI $GVRUSWÕRQ RI 0HWK\OHQH %OXH
RQWR5HFWRULWH)UHVHQ(QYLURQ%XOO D 

>@:DQJ 6 %R\MRR < &KRXHLE  $   $
FRPSDUDWLYHVWXG\RIG\HUHPRYDOXVLQJIO\DVK
WUHDWHG E\ GLIIHUHQW PHWKRGV &KHPRVSKHUH
  
>@%XOXW<$\GÕQ+  $NLQHWLFVDQGWKHU
PRG\QDPLFV VWXG\ RI PHWK\OHQH EOXH DGVRUS
WLRQ RQ ZKHDW VKHOOV 'HVDOLQDWLRQ  

>@%DFFDU 5 %RX]LG - )HNL 0 0RQWLHO $
 3UHSDUDWLRQRIDFWLYDWHGFDUERQIURP7X
QLVLDQROLYHZDVWHFDNHVDQGLWVDSSOLFDWLRQIRU
DGVRUSWLRQRIKHDY\PHWDOLRQV-+D]DUG0DW
  
>@%DFFDU5%ODQTXH]3%RX]LG-)HNL0
6DUUj0  (TXLOLEULXPWKHUPRG\QDPLF
DQGNLQHWLFVWXGLHVRQDGVRUSWLRQRIFRPPHUFLDO
G\H E\ DFWLYDWHG FDUERQ GHULYHG IURP ROLYH
ZDVWHFDNHV&KHP(QJ-  
>@)RR . +DPHHG %   3UHSDUDWLRQ DQG
FKDUDFWHUL]DWLRQ RI DFWLYDWHG FDUERQ IURP VXQ
IORZHUVHHGRLOUHVLGXHYLDPLFURZDYHDVVLVWHG
.&2 DFWLYDWLRQ %LRUHVRXUFH 7HFKQRO
  
>@+DOO.(DJOHWRQ/$FULYRV$9HUPHXOHQ
7   3RUHDQG VROLGGLIIXVLRQ NLQHWLFV LQ
IL[HGEHG DGVRUSWLRQ XQGHU FRQVWDQWSDWWHUQ
FRQGLWLRQV,QG(QJ&KHP)XQGDP  

>@*XFHN $ 6HQHU 6 %LOJHQ 6 0D]PDQFL
0$  $GVRUSWLRQDQGNLQHWLFVWXGLHVRI
FDWLRQLFDQGDQLRQLFG\HVRQS\URSK\OOLWHIURP
DTXHRXVVROXWLRQV-RXUQDORI&ROORLGDQG,QWHU
IDFH6FLHQFH
>@:DQJ6/L+;X/  $SSOLFDWLRQRI
]HROLWH 0&0 IRU EDVLF G\H UHPRYDO IURP
ZDVWHZDWHU -RXUQDO RI &ROORLG DQG ,QWHUIDFH
6FLHQFH
>@.DUDHU+8]XQ,  $GVRUSWLRQRIEDVLF
G\HVWXIIV IURP DTXHRXV VROXWLRQ E\ PRGLILHG
FKLWRVDQ'HVDOLQDWLRQDQG:DWHU7UHDWPHQW

>@;LH-/L&&KL/:X'  &KLWRVDQ
PRGLILHG]HROLWHDVDYHUVDWLOHDGVRUEHQWIRUWKH
UHPRYDORIGLIIHUHQWSROOXWDQWVIURPZDWHU)XHO





>@%H\OL37'RJDQ0$ONDQ07UN\ÕOPD]
$7XUKDQ<'HPLUEDVg1DPOL+  
6\QWKHVLV FKDUDFWHUL]DWLRQ HOHFWURNLQHWLF DQG
DGVRUSWLRQSURSHUWLHVRIDQRUJDQRPRGLILHGDG
VRUEHQW IRU VHOHFWLYH UHPRYLQJ RI PHWDO LRQV
)UHVHQ(QYLURQ%XOO  
>@0RUHLUD0$&LXIIL.-5LYHV99LFHQWH
0$ 7UXMLOODQR 5 *LO $ .RULOL 6$ GH
)DULD(+  (IIHFWRIFKHPLFDOPRGLILFD
WLRQ RI SDO\JRUVNLWH DQG VHSLROLWH E\ DPL
QRSURS\OWULHWKR[LVLODQH RQ DGVRUSWLRQ RI FDWL
RQLFDQGDQLRQLFG\HV$SSO&OD\6FL

>@)URVW5//RFRV2%5XDQ+.ORSURJJH
-7   1HDULQIUDUHG DQG PLGLQIUDUHG
VSHFWURVFRSLF VWXG\ RI VHSLROLWHV DQG SDO\JRU
VNLWHV9LEUDWLRQDO6SHFWURVFRS\
>@)URVW 5/ 'LQJ =   &RQWUROOHG 5DWH
7KHUPDO $QDO\VLV DQG 'LIIHUDQWLDO 6FDQQLQJ
&DORULPHWU\ RI 6HSLROLWHV DQG 3DO\JRUVNLWHV
7KHUPRFKLPLFD$FWD
>@1DJDWD + 6KLPRGD 6 6XGR 7   2Q
'HK\GUDWLRQRI%RXQG:DWHURI6HSLROLWH&OD\V
DQG&OD\0LQHUDOV
>@2MHGD 0 $ORQVR ) 7HUUHURV 3 5RMDV 6
+HUUDQ] 7 *UDQDGRV 0 )LHUUR -*  
6LO\ODWLRQRI D &R6L2 FDWDO\VW &KDUDFWHUL]D
WLRQ DQG H[SORLWDWLRQ RI WKH&2 K\GURJHQDWLRQ
UHDFWLRQ/DQJPXLU  
>@=KDQJ-<DQ=2X\DQJ-<DQJ+&KHQ
'  +LJKO\ GLVSHUVHGVHSLROLWHEDVHG RU
JDQLFPRGLILHGQDQRILEHUVIRUHQKDQFHGDGVRUS
WLRQRI&RQJRUHG$SSO&OD\6FL±
>@2]GHPLU<'RJDQ0$ONDQ0  $G
VRUSWLRQRIFDWLRQLFG\HVIURPDTXHRXVVROXWLRQV
E\VHSLROLWH0LFURSRURXVDQG0HVRSRURXV0D
WHULDOV
>@$ONDQ 0 'HPLUEDV 2 'RJDQ 0  
(OHFWURNLQHWLF SURSHUWLHV RI VHSLROLWH VXVSHQ
VLRQV LQ GLIIHUHQW HOHFWURO\WH PHGLD -RXUQDO RI
FROORLGDQGLQWHUIDFHVFLHQFH
>@0DOO ,' 8SDGK\D\ 61   6WXGLHV RQ
WUHDWPHQWRIEDVLFG\HVEHDULQJZDVWHZDWHUE\
DGVRUSWLRQWUHDWPHQWXVLQJIO\DVK,QGLDQ-(Q
YLURQ+HDOWK
>@'RJDQ 0 $ONDQ 0   5HPRYDO RI
PHWK\OYLROHWIURPDTXHRXVVROXWLRQE\SHUOLWH
-RXUQDO RI &ROORLG DQG ,QWHUIDFH 6FLHQFH 

>@9HUPRKOHQ./HZDQGRZVNL+1DUUHV+'
6FKZXJHU0-  $GVRUSWLRQRISRO\HOHF
WURO\WHV RQ R[LGHV  WKH LQIOXHQFH RI LRQLF
VWUHQJWKPRODUPDVVDQG&D,RQV&ROO6XUI
$
>@*XR<<DQJ6)X:4L-/L5:DQJ
=;X+  $GVRUSWLRQRIPDODFKLWHJUHQ
RQPLFURDQGPHVRSRURXVULFHKXVNEDVHGDF
WLYHFDUERQ'\HV3LJPHQWV
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STUDY ON THE COORDINATED DEVELOPMENT OF
REGIONAL ECONOMIC, TOURISM AND ECOLOGY
COUPLING: TAKING HENAN PROVINCE AS AN EXAMPLE
Xuan Yang*
Yellow River Conservancy Technical Institute, Kaifeng 475000, Henan, China

economic crisis, the growth of tourism has also been
around 4.4%. The World Tourism Organization
predicts that by 2020, China will become the world's
largest source country and domestic tourist
destination, with the number of outbound tourists
reaching 100 million and the number of international
tourists receiving reaching 131 million, which shows
Economic development plays a vital role [2-4]. In
2018, Henan Province's culture and tourism industry
flourished. Henan Province has received 785.2895
million tourists from home and abroad, an increase
of 18.2% over the previous year. Among them,
3.2173 million inbound tourists, an increase of 4.7%.
The total tourism revenue was 812.021 billion yuan,
an increase of 20.3%. At the end of the year, there
were 178 scenic spots above 4A level, 432 star
hotels, and 1,137 travel agencies [5]. At the same
time, it cooperated with Gaode to launch the tourism
poverty alleviation map in the country, and
cooperated with Gaode, Tencent, Unicom, etc. to
further promote the development of smart tourism.
The province has invested more than 300 million in
more than 70 scenic spots above 4A level.
Developed a scenic spot intelligent assessment plan,
and selected 30 diamond-level scenic spots. The
tourism development situation of the whole province
is good [6]. The province has 3 cities including
Zhengzhou, Jiaozuo, Jiyuan, and 23 counties such as
Xiuwu and Linzhou as the founding units of the
global tourism demonstration area, focusing on
promoting 8 counties including Xinxian and
Luanchuan. Looking at the changes in the number of
tourists in Henan Province from 2013 to 2018, the
number of tourists in Henan Province has
continuously increased in the past six years [7]. In
2018, the number of tourists reached 786 million, an
increase of 18.2% over the previous year. In terms of
tourism income, income has grown rapidly in six
years, with an average annual compound growth rate
of 15.94%. In 2018, tourism revenue for the whole
year was 812.021 billion yuan, a year-on-year
increase of 20.3% [8].
On the other hand, the ecological environment
has also been increasingly mentioned and paid
attention to by people. While human beings are
vigorously developing the economy at the cost of
natural resources and environmental consumption,
environmental pollution is frequent, and ecological

ABSTRACT
The development of regional economy and
tourism requires basic protection of the ecological
environment. The development of tourism and the
protection of the ecological environment also require
the economy to provide it with complete
infrastructure and financial guarantees. The
development of the regional economy also requires
the promotion of tourism. In this paper, based on the
explanation of the mechanism of coordinated
development of regional economy, tourism and
ecological environment, the index system of regional
economic-tourism-ecological environment coupling
coordination degree is established, and the
mathematical model and calculation method of
coupling coordination degree are introduced. For
example, an empirical analysis of the coupling
degree of economic-tourism-ecological environment
in Henan Province from 2004 to 2019. The results of
the study show that the coupling degree of
economic-tourism-ecological environment in Henan
Province generally shows an upward trend, which is
a type of good coordination. But the regional ecoenvironment system is facing certain pressure. At
present, Henan Province needs to take necessary
measures to promote the integrated development of
tourism, economy and ecology.

KEYWORDS:
Ecological environment, Tourism, Regional economy,
Coordinated development

INTRODUCTION
With the strengthening of the national
economic strength and the strong support of national
policies, especially after the implementation of the
"three golden weeks" in China, tourism has
gradually become a new growth point for the
national economy, and the tourism industry has
become the most dynamic of the tertiary industry
industry [1]. According to the data, since the 1960s,
the global tourism industry has grown at an annual
rate of 7.2%, although during the period of the global
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and environmental problems threaten human normal
production [9-12]. Life, in turn, restricts economic
development. In terms of policy, the Eighteenth
National Congress of the People's Republic of China
proposed a new layout of "five in one", integrated
ecological civilization construction into all aspects
of economic, political, cultural, and social
construction, and made a strategic decision to
"vigorously promote ecological civilization
construction" It comprehensively and profoundly
discussed all aspects of ecological civilization,
which shows that the importance of ecological
environment as a public product is self-evident [13].
From the national level to the people's lives,
ecological environmental protection is a top priority.
With the rapid development of tourism, the
relationship between tourism and regional economic
development has increasingly become a hot research
issue [14-19]. However, the development of tourism
and the regional economy will usually have a
devastating impact on the local ecological
environment. Therefore, how to vigorously develop
tourism and regional economy while achieving
coordination with the ecological environment has
become an important issue that needs to be studied
and solved in various regions. In fact, the regional
economy, tourism and the ecological environment
are interacting and influencing each other, forming a
coupled interactive body [20]. Ignoring any aspect of
the relationship between the three will inevitably
bias and error the understanding of the true
relationship between regional economy, tourism,
and the ecological environment.
This paper first describes the mechanism and
quantitative analysis method of the coordinated
development of regional economy, tourism and
ecological environment, and then takes Henan
Province as an example to analyze the coupling of
economic-tourism-ecological environment in Henan
Province from 2004 to 2019. Empirical analysis was
carried out. By discriminating the coupling and
coordinated development relationship of the three
and the dynamic evolution trend of the coupling and
coordination degree, the problems in the coordinated
development of Henan Province’s economy, tourism
and ecological environment are revealed, with a
view to rationally formulating regional economic,
tourism and ecological development in Henan, to
achieve the coordinated development of the three
provide theoretical basis and reference.

interaction between various subsystems. The degree
of coupling describes the degree to which systems or
elements interact with each other.
The coupling coordination model is:
(1)
Among them, C is the coupling degree; D is the
coupling coordination degree; T is the
comprehensive coordination index of the economic
system, tourism system and ecological environment
V\VWHPĮȕȖDUHXQGHWHUPLQHGFRHIILFLHQWV$VWKH
regional economy and the tourism industry are
asymmetric in their mutual coordination and
promotion in the process of coupling and
coordination, the rapid, stable, and coordinated
development of the tourism industry will certainly
promote the development of the regional economy,
but the factors that affect the regional economic
development are diverse. Industry is not its only
driving force. The ecological environment plays an
important role in both the regional economy and the
tourism industry. Therefore,
Į ȕ DQGȖ 

RESULTS AND DISCUSSION
It can be seen from Figures 1 and 2 that from 2004
to 2009, the coupling type of economic-tourismecological environment in Henan Province was the
type of advanced economic development. The
development of economy and tourism was basically
coordinated with the ecological environment.
coordination. From 2010 to 2015, it has become an
advanced type of tourism development. The
development of economy and tourism is basically
coordinated with the ecological environment. Due to
the slow development of economy and tourism, it is
in a low-level development stage. The type of
coupling coordination is still maintained in a state of
bare coordination. Starting from 2016, the type of
economic-tourism-ecological environment coupling
coordination in Henan Province has evolved from an
advanced type of tourism development to an
advanced type of economic development. However,
this type of economic development is relatively
extensive, and the rapid economic development is
achieved by consuming a lot of energy and
resources. At the same time of rapid economic and
tourism development, the ecological environment
has been continuously destroyed, environmental
pollution has become increasingly serious, and the
speed of ecological environment governance cannot
keep up with the speed of destruction. After 2017
(Fig.3), the development of economy and tourism
began to exceed the carrying threshold of the
ecological environment, the type of coupling
coordination stayed in a state of bare coordination,
and the coordinated development of economy-

MATERIALS AND METHODS
Coupled coordination model. Coupling refers
to the phenomenon that two or more systems or
forms of motion affect each other through various
phase interactions and even cooperate. It is a
dynamic relationship of mutual dependence,
coordination and mutual promotion under the benign
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Establish a "green GDP" development
model. Do not blindly worship and develop high
GDP, and actively develop the economy under the
conditions of sustainable development. As a major
economic province in China, Henan Province is at
the forefront of its GDP development speed and
level, but its GDP growth is at the expense of the
destruction of the ecological environment. In order
to change this mode of economic growth, we should
actively develop a low-carbon economy and take the
path of sustainable development. Therefore,
Beijing's economic development should undergo
industrial transformation through institutional
innovation, technological innovation, and other
means, actively develop new energy sources, reduce
the consumption of high-energy consumption
energy, and promote its economic growth to develop
in a virtuous circle. In addition, investment in
environmental protection should be increased,
actively respond to the deterioration of the
ecological environment, and establish an economic
and ecological coupling system.

(a)

Change the existing tourism development
model. The tourism industry was once hailed as a
"smoke-free industry" and had high expectations,
but this was not the case. With the development of
tourism, the current tourism development model,
tourism concept and operation status have caused a
series of ecological and environmental problems.
Establish a new tourism development concept and
establish a sustainable development tourism model,
that is, low-carbon tourism. First of all, it is
necessary to actively promote low-carbon
awareness. The change in tourism awareness will not
only benefit the healthy development of local
tourism, but also enhance the social effects of
tourism, and promote the healthy development of
China ’s tourism industry; secondly, it should
reverse the ecological destruction of tourism. The
trend is to stimulate the emergence of new tourism
consumption models with the requirements of
sustainable development; finally, we must enhance
the added value of the tourism industry, inject lowcarbon high-tech into the tourism operation mode,
and improve its efficiency.

(b)

(c )
FIGURE 1
Contour Plot of Coupling coordination degree

Constructing a three-coupling system of
regional economy-tourism-ecological environment. Construct a low-carbon industrial system, and
infiltrate the concept of low-carbon development
into the practical operation of all walks of life. To
achieve industrial linkage development, it is
necessary to achieve a low carbonization path for the
tourism industry, and it can constitute an organic
linkage of the industrial chain, promote the positive
transformation of the regional economy, and achieve
the sustainable development of the entire industrial
system. The low-carbon road of regional economy

tourism-ecological environment was restricted by
bottlenecks.
Establish a three-economy coupling system
of economy-tourism-ecology. In order to promote
the coupled and coordinated development of
regional economy-tourism industry-ecological
environment and break the bottleneck factors
restricting its harmonious development, a threecoupling and coordinated system should be
established from a low-carbon perspective.
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(a)

(b)
FIGURE 2
Interaction Plot for Coupling coordination degree

FIGURE 3
Main Effects Plot for Coupling coordination degree
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and tourism industry is not only conducive to the
sustainable development of economy and tourism,
but also plays a positive role in improving the
ecological environment, so as to achieve the threecoupling development of regional economy, tourism
industry and ecological environment.

[6] Boggia, A., Rocchi, L., Paolotti, L., Musotti, M.,
Greco, S. (2014) Assessing rural sustainable
development potentialities using a dominancebased rough set approach. J. Environ. Manage.
144(1), 160-167.
[7] Xu, B., Hao, J. (2017) Air quality inside subway
metro indoor environment worldwide: a review.
Environ. Int. 107, 33-46.
[8] Wang, Q., Yuan, X., Cheng X., Mu, R., Zuo, J.
(2014) Coordinated development of energy,
economy and environment subsystems—a case
study. Ecol. Indic. 46(6), 514-523.
[9] Boggia, A., Rocchi, L., Paolotti, L., Musotti, F.,
Greco, S. (2014) Assessing rural sustainable
development potentialities using a dominancebased rough set approach. J. Environ. Manage.
144(1), 160-167.
[10] 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.
[11] Broman, G.I., Robèrt, K.H. (2017) A framework
for strategic sustainable development. J. Cleaner
Prod. 140, 17-31.
[12] Jia, X., Foo, D.C.Y., Tan, R.R., Li, Z. (2017)
Sustainable development paths for resourceconstrained process industries. Resour. Conserv. Recycl. 119, 1-3.
[13] He, J., Wan, Y., Feng, L., Ai, J., Wang, Y.
(2016) An integrated data envelopment analysis
and emergy-based ecological
footprint
methodology in evaluating sustainable development, a case study of Jiangsu Province China.
Ecol. Indic. 70, 23-34.
[14] Tang, X., McLellan, B.C., Snowden, S., Zhang,
B., Hook, M. (2015) Dilemmas for China: Energy, economy and environment. Sustainability.
7, 5508-5520.
[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] Zuo, Y., Shi, Y.L., Zhang, Y.Z. (2017) Research
on the sustainable development of an EconomicEnergy-Environment (3E) system based on system dynamics (SD): A case study of the BeijingTianjin-Hebei region in China. Sustainability. 9,
1727-1728.
[17] Cui, D., Chen, X., Xue, Y., Li, R., Zeng, W.
(2019) An integrated approach to investigate the
relationship of coupling coordination between
social economy and water environment on urban
scale - A case study of Kunming. Journal of
Environmental Management. 234, 189-199.

CONCLUSIONS
In this paper, based on the explanation of the
mechanism of coordinated development of regional
economy, tourism and ecological environment, the
index system of regional economic-tourismecological environment coupling coordination
degree is established, and the mathematical model
and calculation method of coupling coordination
degree are introduced. For example, an empirical
analysis of the coupling degree of economictourism-ecological environment in Henan Province
from 2004 to 2019. The results of the study show that
the coupling degree of economic-tourism-ecological
environment in Henan Province generally shows an
upward trend, which is a type of good coordination.
But the regional eco-environment system is facing
certain pressure. At present, Henan Province needs
to take necessary measures to promote the integrated
development of tourism, economy and ecology.
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ABSTRACT

INTRODUCTION

In this study water adsorption onto silica gel are
experimentally measured and isotherm data successfully correlated with Guggenheim–Anderson–de
Boer (GAB) model. The Silica gel/water pair is compared with four different adsorbent-refrigerant pairs
from the literature (i.e. KOH activated phenol resin
based activated carbon (KOH6-PR)/ethanol pair, activated carbon (Maxsorb III)/methanol pair, zeolite
(AQSOA-Z02)/water pair and polymer (PS-II)/water pair. The cooling performance parameters like
specific cooling energy (SCE) and coefficient of performance (COP) of ideal adsorption cooling cycle
employing each pair are evaluated by using a time
independent thermodynamic model. The Dühring
(i.e. P-T-W) diagram containing the ideal cycle operative at evaporator and regeneration temperatures
of 10 °C and 80 °C, respectively, is constructed.
Also, ideal cycle performances of adsorption system
are evaluated for the evaporator temperatures of 5°C
and 10°C while having the regeneration temperatures range of 55°C to 80°C. It is found that among
the selected adsorbents-refrigerant pairs Maxsorb III
/methanol pair has the maximum SCE and COP, at
10°C evaporator temperature, of 898.19 kJ/kg and
0.807 respectively. While minimum SCE and COP
is attributed to silica gel/water pair.

In the past, passive techniques were used to
maintain indoor thermal comfort without any supplementary cooling or heating [1–3]. Cooling and airconditioning requirements have been drastically increased over the past few decades due to increasing
ambient temperature and improved indoor thermal
comfort. It demand high energy consumption for
achieving these requirements [4]. However, it also
accompanied with increasing global warming and
ozone depletion potentials. Thermally driven cooling and air-conditioning systems are required to
manage these possessions [5,6]. In this regard, adsorption cooling systems could be a suitable option
as these systems are driven by thermal energy which
can be available from sources like solar radiations,
low-grade waste heat and utilize natural refrigerants
like ethanol, methanol and water etc. A key component of adsorption cooling system is the adsorption/desorption beds, which act like a thermal compressor as shown in Figure 1. A thermal compressor
is solely run on a thermal energy consequently reduces the consumption of electrical energy. Beside
all these advantages such systems have some limitations, which are its larger footprint and low performance (i.e. cooling capacity and coefficient of performance). These limitations attract many researchers to investigates typical characteristics of adsorption cooling system like adsorption equilibrium, adsorption kinetics etc. Thus, various adsorbent-refrigerant pairs have been extensively studied for the development of adsorption cooling system. Key adsorbent-refrigerant pairs available in the literature are:
silica gel-water [7], zeolite-water [8], activated carbon-ethanol [9], activated carbon-methanol [10], activated carbon-CO2

KEYWORDS:
Adsorption equilibrium, adsorbent, refrigerant, ideal cycle
analysis, performance
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FIGURE 1
Schematic diagram of a typical adsorption cooling system
[11,12], activated carbon-R134a [13], polymer-water [14] and composite-water [15] etc.
In this study, adsorption isotherms of silica
gel/water pair are experimentally evaluated and
compared with four different adsorbent-refrigerant
pairs from the literature. An ideal cycle based steady
state thermodynamic performances of these assorted
pairs are evaluated for the development of adsorption cooling systems.

model. The adsorption isotherms of silica gel/water
pair for the temperature range of 30°C to 80°C are
presented in Figure 2 and estimated GAB model parameters of the studied pair are furnished in Table 1.
Adsorbent-refrigerant pairs. Adsorption isotherms of silica gel/water pair are experimentally
evaluated and compared with four different adsorbent-refrigerant pairs from the literature (i.e. activated carbon (KOH6-PR)/ethanol pair [16], activated carbon (Maxsorb III)/methanol pair [17], zeolite (AQSOA-Z02)/water pair [18] and polymer (PSII)/water pair [19]. Also, their ideal cycle performances are investigated for the development of energy-efficient adsorption cooling system. These
pairs possess high adsorption equilibrium capacity in
their respective pair class. Thus, this property encourages to identify their ideal cycle performances
for the possible application in adsorption cooling
systems.

MATERIALS AND METHODS
Experiments. A simple experimental approach
is utilized for the measurement of water adsorption
uptakes of granular type hydrophilic silica gel
adsorbent. It has bulk density of 919.5 kg/m3 and
possess average particle size diameter of 2.8 mm.
Silica gel sample is placed in dry oven under vacuum
conditions. Oven temperature and drying time are
optimized by takng series of experiments. This
involves the repeated drying and weighing of sample
until decrease in sample weight become
insignificant. A dry sample of adsorbent is than
placed under known temperature and relative
humidity for the time until the adsorbent will adsorb
maximum amount of water vapors and no noticeable
change in weight of adsorbent will observe. Note the
temperature and relative humidity at that condition
and record dry weight of the sample. Difference in
wet weight and dry weight is the net weight of
moisture adsorbed by the sample. However, water
adsorption uptake of silica gel is determined by the
ratio of net weight to dry weight of the sample.
Repeat the process for many time in order to get
adsorption uptake data at different adsorption
temperature and relative humidity. Thus, water
adsorption isotherm data of silica gel is corelated
with Guggenheim, Anderson, De-Boer (GAB)

Thermodynamic analysis framework. Thermodynamic framework for the analysis consists of
adsorption isotherm models and ideal cycle time independent model. The description of such models is
given below, which allows to investigate the adsorbent-refrigerant pairs performance.
Adsorption isotherms models. In this study
some of adsorption isotherm models are used for the
calculation of adsorption isotherm. Because isosteric
lines in the dühring diagram are produced by simplifying these isotherm models. The isotherm model
used in this study are Dubinin-Astakhov (D-A)
model, Dubinin Raduskevich (D-R) model, and
Guggenheim, Anderson, De-Boer (GAB) model.
The D-A isotherm model equation Eq. (1) is given
as:
 

ࢃ = ࢃ ࢋ࢞ ቄെ ቀ ቁ ቅ
ࡱ
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FIGURE 2
Water vapor equilibrium adsorption isotherm of silica gel/water pair for adsorption temperature range of
30°C to 80°C.
TABLE 1
Isotherm model parameters used for each adsorbent refrigerant pairs.
Adsorbent-refrigerant pairs

Isotherm model

Parameters
-1

KOH6-PR /ethanol

D-A model

Maxsorb III/methanol

D-R model

AQSOA-Z02/water

D-A model

Polymer (PS-II)/water

D-A model

Silica gel/water

GAB model

value

Wo [kg kg ]
E [kJ kg-1]
n [-]
Wo [kg kg-1]
D [K-2]
Wo [kg kg-1]
E [kJ mol-1]
n [-]
W0 [kg kg-1]
E [kJ mol-1]
n [-]
Wmo [kg kg-1]
qm [kJ kg-1]
Co [-]
Ko [-]

1.98
90
1.5
1.24
4.022×10-6
0.285
7600
2.9
1.76
41.84
0.50
0.138
0.371
0.285
149.43

ȟHୡ [kJ kg-1]
ȟH୩ [kJ kg-1]

385.86
-148.44
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where W, Wo are the equilibrium adsorption uptake
and maximum adsorption uptake respectively. While
A, E and n are the adsorption potential, characteristic
energy and structural heterogeneity parameter respectively. Adsorption potential of the absorbent-refrigerant pair in Eq. (1) can further be calculated by
using Eq. (2):
ࡼ
(2)
 = ࡾࢀ  ቀ ࢙ ቁ
ࡼ
where P and Ps are the equilibrium pressure and
saturated pressure, respectively. While, R is the gas
constant and T is the adsorption temperature. Similarly, D-R model Eq. (3) is given as.
ࡼ



ࢃ = ࢃ ࢋ࢞ ൜െࡰ ቀࢀ  ቀ ࢙ ቁቁ ൠ

In Eq. (9), the first term embodies the heat
added to refrigerant during the process of pre-heating. Similarly, second term represents the sensible
heat added to the refrigerant during the processes of
desorption. While, the third term is the heat of adsorption. Thus, COP of the cycle can be defined as:
ࡿࡱ
ࡻࡼ =
(11)
ࡽࢇࢊ࢙శ ࡽ࢘ࢋࢌ

Isosteric heat of adsorption. Isosteric heat of
adsorption (Qst) for the assorted pairs is predicted by
using the Clausius Clapeyron equation Eq. (12)
which incorporates the adsorption data obtained
from adsorption isotherms, whose parameters are defined in Table 1. The Clausius Clapeyron equation is
gives as
ࡽ࢙࢚
ࣔࡼ
= ቂ Τ
ቃ
(12)
)

(3)

ࡼ

2

where D = (R/E) . Guggenheim, Anderson, DeBoer (GAB) model is the modified form of BET
equation. The GAB model equation Eq. (4) is defined as follows:
ࢃ  ࡷ(ࡼΤࡼ࢙ )
(4)
ࢃ=
Τ )൯൫ିࡷ(ࡼΤ )ାࡷ(ࡼΤ )൯
ࡼ࢙

൫ିࡷ(ࡼ ࡼ࢙

ࢃ = ࢃ ࢋ࢞ ቀ
 =  ࢋ࢞ ቀ

ࢤࡴࢉ


ࡾࢀ

ቁ

ቁ

ࡾࢀ
ࢤࡴ

ࡾ

ࡼ࢙

RESULTS AND DISCUSSION

(5)
The water adsorption on to silica gel is experimentally evaluated and its isotherm data is corelated
with GAB model. The adsorption isotherms of silica
gel/water pair for the temperature range of 30°C to
80°C are presented in Figure 2 and estimated GAB
model parameters of the studied pair are listed in Table 1. The studied silica gel/water pair gives the maximum equilibrium adsorption uptake of 0.18 kg of
water per kg of silica gel, which is 2.45 times less
than the RD type silica gel [20]. The adsorption isotherm models used for other pairs are D-A and D-R.
D-A model is used for KOH6-PR/ethanol, AQSOAZ02/water, and polymer (PS-II)/water pairs. While,
D-R model is used for Maxsorb III/methanol pair.
The parameters for the respective isotherm model
are given in Table 1 as available in the literature. The
KOH6-PR/ethanol pair having the higher maximum
adsorption equilibrium uptake of 1.98 kg/kg as
shown in Figure 3. Isosteric heat of adsorption is
evaluated for each pair by Clausius Clapeyron equation Eq (12). A plot of isosteric heat of adsorption vs
adsorption uptakes shown in Figure 4. The adsorption uptake, is taken in percentage, is the ratio of
equilibrium uptake to saturated adsorption uptake. It
is found that the isosteric heat of adsorption decreases with the increase in adsorption uptake. The
average values of isosteric heat of adsorption for
each pair from these plots are used for the calculation
of Qref (Eq. 10).
Dühring diagram of each pair is constructed by
using the adsorption isotherm parameters and ideal
cycle is also overlaid on the same diagram as shown
in Figure 5. The ideal cycle in dühring diagram of
each pair represents the following process i.e. 1-2 an
isosteric heating process (pre-heating), 2-3 isobaric
heating (desorption), 3-4 isosteric cooling process
(precooling) and 4-1 isobaric cooling process (adsorption). Ideal cycle performances of adsorption
system are evaluated for the evaporator temperatures

(6)

ࡷ = ࡷ ࢋ࢞ ቀ ቁ
(7)
ࡾࢀ
where Wm is the monolayer adsorption uptake,
and ǻ+c and ǻ+k are functions related to water sorption heat. While, C, Co, K and Ko are constants related to heats. T is the adsorption temperature and R
is specific gas constant.
Ideal cycle time independent model. A timeindependent model [19] is used to calculate system
performance parameters like specific cooling energy
(SCE) and coefficient of performance (COP).
Dühring or pressure-temperature-concentration (PT-W) diagram is constructed which depicts the ideal
cooling cycle of the assorted pairs. P-T-W diagram
expresses a thermodynamic relation among the refrigerant adsorption equilibrium pressure, temperature, and its uptake concentration. SCE of the adsorption cycle can be evaluated as given in Eq. (8).
ࡿࡱ = (ࢃࢇ࢞ െ ࢃ ) ቂࡸࡴࢀࢋ െ
ࢀ

ࢉ
(8)
ࢀࢊ ࢌࢋ࢘ࡼ ࢀቃ
ࢋ
where Wmax and Wmin are the maximum and
minimum adsorption uptake respectively. LHTe is the
vaporization enthalpy at evaporator temperature and
ࡼ࢘ࢋࢌ is the specific heat capacity of refrigerant. The
heat of adsorption (Qads) added to the adsorbent is
calculated by:
ࢀ
(9)
ࡽࢇࢊ࢙ =  ࢀ ࡼࢇࢊ࢙ ࢊࢀ


where, ࡼࢇࢊ࢙ is the specific heat capacity of
the adsorbent. The total heat added to the refrigerant
(Qref) is given as:
ࢀ
ࡽ࢘ࢋࢌ = ࢃࢇ࢞  ࢀ ࡼ࢘ࢋࢌ ࢊࢀ +
ࢀ



ࢃ


ࢇ࢞
ࡽ࢙࢚ ࢊࢃ
ࢃ ࢀ. ࡼ࢘ࢋࢌ ࢊࢀ + ࢃ




ࣔ( ࢀࢇࢊ࢙ ࢃ

(10)
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of 10°C (Table 2) and 5°C (Table 3) while having
the regeneration temperatures range of 55°C to 80°C
It is found that at evaporator (10°C) and regeneration temperatures (100°C), Maxsorb III /methanol pair has the maximum SCE of 898.19 kJ/kg
among the assorted adsorbents-refrigerant pairs. It is
followed by KOH6-PR-ethanol pair having SCE of
879.41 kJ/kg (Table 2). Similarly, both pairs also
show higher SCE for the ideal cycle operated at
evaporator temperatures of 5°C (Table 3). Higher

SCE of Maxsorb III/methanol and KOH6-PR/ethanol pairs are due to higher concentration difference
ǻ:  EHWZHHQ WKH VDWXUDWHG :PD[  DQG ZHDN
(Wmin) adsorption uptake of ideal adsorption cycle.
Higher COP is also attributed to Maxsorb III /methanol pair followed by polymer KOH6-PR-ethanol >
AQSOA-Z02/water > PS-II /water > silica gel /water.

Adsorption uptake [kg/kg]

2

0.3
0.25

1.6

0.2
1.2
0.15
0.8
0.1
0.4

0.05

Adsorption uptake [kg/kg]
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FIGURE 3
Adsorption isotherms of assorted pairs at adsorption temperature of 30°C as calculated from adsorption
isotherm model’s parameters given in Table. 1.
TABLE 2
Specific cooling energy (SCE) and coefficient of performance (COP) of assorted pairs for evaporator and
adsorption temperatures of 10 °C and 30 °C, respectively.
Adsorbent-refrigerant

Regeneration Temperatures (°C)
60
70
80
90

pairs

55

SCE

AC-Ethanol
AC-Methanol
Zeolite -Water
PSII-water
Silica gel-water

119.04
112.08
20.322
75.991
32.071

291.22
287.61
61.596
169.33
42.109

555.87
578.62
172.19
287.63
69.190

725.37
763.44
300.94
352.48
84.824

824.93
858.19
417.95
388.83
94.143

879.41
898.19
501.41
409.55
99.863

COP

AC-Ethanol
AC-Methanol
Zeolite -Water
PSII-water
Silica gel-water

0.500
0.572
0.267
0.540
0.426

0.630
0.732
0.461
0.639
0.496

0.686
0.804
0.616
0.673
0.536

0.699
0.819
0.678
0.675
0.536

0.698
0.816
0.706
0.669
0.524

0.692
0.807
0.715
0.660
0.509
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FIGURE 4
,VRVWHULFKHDWRIDGVRUSWLRQIRUƆ.2+-PR/ethanol ᶺ 0D[VRUE,,,PHWKDQROƔ$462$-=ZDWHUŸ
PS-,,ZDWHUŶ6LOLFDJHOZDWHUSDLUVDWGLIIHUHQWDGVRUSWLRQ

TABLE 3
Specific cooling energy (SCE) and coefficient of performance (COP) of assorted pairs for evaporator and
adsorption temperatures of 5 °C and 30 °C, respectively.
Adsorbent-refrigerant

Regeneration Temperature

pairs

60

70

80

90

100

SCE

AC-Ethanol
AC-Methanol
Zeolite -Water
PSII-water
Silica gel-water

63.42
66.278
17.84
33.96
9.75

324.42
354.15
127.38
151.12
36.57

491.59
536.98
254.89
215.35
52.05

589.77
630.71
370.79
251.35
61.28

643.50
670.28
453.44
271.87
66.95

COP

AC-Ethanol
AC-Methanol
Zeolite -Water
PSII-water
Silica gel-water

0.371
0.440
0.220
0.378
0.229

0.632
0.746
0.564
0.604
0.423

0.667
0.784
0.655
0.628
0.450

0.673
0.787
0.691
0.627
0.449

0.670
0.778
0.703
0.620
0.437

However, at higher regeneration temperatures
of 90°C and 100°C, there is an increase in COP of
AQSOA-Z02/water pair than KOH6-PR-ethanol
pair. COP as a function of desorption temperature
shows that at 30 °C of condenser and adsorption temperature, the minimum desorption temperatures required is about 52 °C for the evaporator temperature

of 10°C. However, for the evaporator temperature of
5°C, none of the adsorbent refrigerant pair will work
even at the 55°C of regeneration temperature.
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FIGURE 5
The Dühring i.e. Pressure-Temperature-Concentration (P-T-W) diagram of (a) activated carbon KOH6PR / ethanol pair (b) activated carbon Maxsorb III / methanol pair (c) zeolite AQSOA-Z02 / water pair (d)
Polymer adsorbent PS-II / water pair (e) silica gel/ water pairs at evaporator and regeneration temperatures of 10 °C and 80 °C, respectively.
model. Ideal cycle performances of adsorption system are evaluated for the evaporator temperatures of
10°C and 5°C, while having the regeneration temperatures range of 55°C to 80°C. Among the assorted
adsorbents-refrigerant pairs, Maxsorb III /methanol
pair has the maximum SCE and COP of 898.19 kJ/kg
and 0.807, respectively which is followed by KOH6PR-ethanol pair. While minimum SCE and COP are
attributed to Silica gel/water pair. Thus, Maxsorb III

CONCLUSIONS
Experimentally evaluated water adsorption on
to silica gel gives maximum adsorption uptake of
0.18 kg/kg. Adsorption cooling performance characteristics of assorted adsorbent-refrigerant pairs are
investigated. The cooling performance of ideal adsorption cooling cycle employing each pair is evaluated by using a time independent thermodynamic
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/methanol and KOH6-PR-ethanol pairs having
higher adsorption uptakes and concentration differences provided the good opportunity for application
in designing of adsorption cooling system.

“Investigation of agriculture based low-cost
ad/sorbents for desiccant air conditioning applications” awarded to Principal Investigator Dr. Muhammad Sultan. This research work has been carried out
in the Department of Agricultural Engineering, Bahauddin Zakariya University, Multan-Pakistan.

NOMENCLATURE
A
COP
Cp
E
GAB
LHTe
n
P
Ps
P-T-W
Q
Qst
R
SCE
T
W
Wm
Wo
Wmo, qm, Co, Ko
ǻ+cǻ+k
ǻ:

Declarations of interest: There are no interests
to declare.

Adsorption potential [kJ/kg]
Coefficient of performance [-]
Specific heat capacity
[kJ/kg.K]
Characteristic energy [kJ/mol]
Guggenheim-Anderson-De
Boer
Vaporization enthalpy at evaporator temperature [kJ/kg]
Structural heterogeneity parameter [-]
Equilibrium pressure [kPa]
Saturated pressure of refrigerant [kPa]
Pressure-temperature-concentration
Heat added [kJ/kg]
Isosteric heat of adsorption
[kJ/kg]
Gas constant. [kJ/kg.K]
Specific cooling effect [kJ/kg]
Adsorption temperature [°C]
Equilibrium adsorption uptake
[kg/kg]
Monolayer adsorption uptake
[kg/kg]
Maximum adsorption uptake
[kg/kg]
GAB model adjustable constant for temperature effect
Functions related to water
sorption heat [kJ/kg]
Concentration difference
[kg/kg]
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DIURNAL VARIATION OF METHANE EMISSIONS
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(GWP) is 25% of CO2. Scientists estimate that
methane will contribute 50% by 2030, making it the
number one greenhouse gas [1]. It can be seen that
controlling the emission of methane is very important to suppress the greenhouse effect.
According to the results of the IPCC fifth assessment report, the radiant intensity of CH4
reached 0.97 W/m2, second only to 1.68 W/m2 of
CO2, much higher than N2O (0.17 W/m2) and fluorine-containing greenhouse Gas (0.18 W/m2). CH4
is also a very important pollutant (ozone) precursor
material. According to international research results, the contribution of ozone-contaminated precursor emissions is 85%, while the contribution of
CH4 accounts for about 13% [2, 3]. Therefore, the
current international academic community actively
recommends that CH4 be listed as an air pollutant
for treatment, thereby slowing climate change,
while improving air quality and reducing human
health damage related thereto.
In 2010, global greenhouse gas emissions
reached 49.5 billion t CO2 equivalent (calculated as
a 100-year warming potential), of which CH4 emissions accounted for 20%, and future CH4 emissions
still have a large growth potential [4]. Landfills are
an important source of CH4 emissions worldwide,
accounting for about 12% of global CH4 emissions
[5-8]. Global landfill CH4 emissions have grown
rapidly, almost doubling from 1970 to 2010, but
from 1990, there is a downward trend in emissions,
which is mainly caused by the decline in EU and
US emissions. Domestic waste landfills are one of
the important sources of methane emissions, with
annual emissions of about 40 Tg accounting for
about 8% of global methane emissions [9-13]. In
China, sanitary landfills are currently the main
source of domestic waste disposal Method, accounting for about 86% of the total amount of
treatment. In 2016, the amount of harmless treatment of urban domestic waste in the country was
19,736,800 tons, of which the sanitary landfill was
11,804,300 tons. Therefore, the landfill is also an
important methane emission source in China [1418].
Therefore, scientifically and accurately accounting for CH4 emissions from Chinese landfills
and studying their emission characteristics are very
important for China to actively control greenhouse

ABSTRACT
Global climate change, characterized by
warming, is one of the major environmental problems facing mankind. Methane in greenhouse gases
has huge potential for warming, and plays an important role in combating climate change, especially in the field of waste reduction It is relatively
mature and has great potential for emission reduction. Therefore, it is necessary to carry out methane
emission reduction research in the field of waste,
and it also has important scientific significance and
practical value. In this paper, the static box method
is used to analyze the change of CH4 emission rate
in the sealed area of the landfill, the influence of
different factors on the change of emission rate is
investigated, and the orthogonal test design is carried out. The results show that stable CH4 emissions
from landfills are not total and continuous emissions, but local intermittent emissions. The emission rate of landfill methane in 24 h is mainly affected by overburden temperature. The degree of
influence of each factor on the CH4 emission is
overburden temperature> atmospheric pressure >
the moisture content of the overburden > time.

KEYWORDS:
Climate change, CH4 emission, Landfill, Static box
method

INTRODUCTION
To address climate change and control greenhouse gas emissions, the United Nations Framework Convention on Climate Change and its Kyoto
Protocol list six types of greenhouse gases, including carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, and perfluorinated Carbon and sulfur
hexafluoride. Since the burning of fossil fuels causes the largest emission of carbon dioxide, the contribution of carbon dioxide is also the largest in
terms of its contribution to global warming. But in
the past 200 years, the concentration of methane in
the atmosphere has also increased very rapidly,
second only to carbon dioxide, with a strong greenhouse effect. Its 100-year global warming potential
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(a)

(b)
FIGURE 1
Surface Plot of Methane emission rate (mmol/m2h) vs A, C

FIGURE 2
Contour Plot of Methane emission rate (mmol/m2h) vs C, A
gases, implement low-carbon development, and
improve ambient air quality. This paper analyzes
the methane emissions from domestic waste landfills during landfill operations through on-site testing of landfill operation benches and simulation
calculations of landfill methane emission models,
and discusses the differences between model simulation calculations and field test results. The research results are helpful to understand the characteristics of methane emissions from domestic waste
landfills.

The volume fraction of methane in the gas sample
is analyzed and tested with an Agilent GC7890A
gas chromatograph. Test conditions: FID detector,
column temperature 100°C, inlet temperature 70°C,
detector temperature with nitrogen as carrier gas,
inlet rate 70 mL/min.
Sampling and testing methods. The experiment collects gas in different time periods within 1
day. There are five time periods throughout the day,
in the order of early morning (about 4: 30-5: 30),
morning (about 9: 30-10: 30), Noon (about 11-12:
30), afternoon (about 15: 30-16: 30), late (about 20:
30-21: 30).

MATERIALS AND METHODS
Testing on the spot. On-site testing of the
static tank covers an area of 0.225 m2 and a volume
of 70 L. The top of the static tank is provided with a
sampling port and a temperature measurement port.
The fixed part is buried in the soil cover. During the
test, the tank cover is inserted into the water seal
groove and sealed with water. Sampling from the
gas sampling port at 0, 10, 20, 30, and 40 min;
sampling and recording the temperature in the box
at the same time to correct the gas concentration.

RESULTS AND DISCUSSION
Effect of atmospheric pressure on the methane emission rate. It can be seen from Figure 1
that Czepiel et al. [19] found a linear negative correlation between the methane emissions from landfills and atmospheric pressure (r2 = 0.93). Atmospheric pressure decreased by 1 000 Pa, and the
methane emission rate increased by 2 times. When
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(a)

(b)
FIGURE 3
Surface Plot of Methane emission rate (mmol/m2h) vs B, A

FIGURE 4
Contour Plot of Methane emission rate (mmol/m2h) vs B, A
the relationship between the methane emission rate
of the landfill and various factors was found, adding the change of atmospheric pressure to the model, the fitting result is closer to the test value, but
atmospheric pressure is not a decisive factor in the
rate of methane emissions from domestic waste
landfills. CH4 emissions from stable landfills are
not continuous emissions, but intermittent emissions, CH4 emissions are shorter, most of the time
in the absence of emissions.

Effect of the moisture content of the overburden on the methane emission rate. The optimum water content of methane oxidation is about
20%, so the increase of water content increases the
oxidation rate of methane. The soil moisture content gradually decreases, and the methane emission
rate increases with the decrease of the soil moisture
content (Fig 5 and 6). The linear correlation r2 is
0.82, indicating that the soil moisture content is the
main factor for the change of methane emission rate
at this stage.

Effect of overburden temperature on the
methane emission rate. It can be seen from Figure
3 and 4 that the change in methane release rate
during the day is mainly related to temperature
changes. At night, when the temperature is low, the
methane release rate is also low; as the temperature
increases during the day, its methane release rate
also increases rapidly. Although the temperature is
still high from 11:00 to 15:00, the methane release
rate has begun to decline, the reason for which
needs further study.

Effect of the time on the methane emission
rate. The changes of the methane emission rate of
test point 1 and test point 2 with time within 24 h
are shown in Figures 7 and 8. It can be seen that the
methane emission rates of the two test points are
not different, and the fluctuation range of the methane emission rate of test points 1 and 2 itself Not
large, test point 1 is 6.84 to 9.73 mmol/m2h, and
test point 2 is 7.67 to 9.34 mmol/m2h. The changes
of methane emission rate of the two test points with
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time are roughly the same, showing a trend of first
decreasing and then increasing and then decreasing.

In order to investigate the importance of various factors on the methane emission rate and the
influence of various factors on the test results, this
experiment conducted a four-factor three-level
orthogonal experimental design. The factors in
Table 1 are A: overburden temperature (°C), B:
atmospheric pressure (kPa), C: the moisture content
of the overburden (%), and D: time (h).

Orthogonal test. Orthogonal test design is
another design method to study multi-factors and
multi-levels. It selects some representative points
from the comprehensive test based on orthogonality
for testing. These representative points have uniform dispersion, with the characteristics of “uniformity and comparability”, orthogonal test design
is the main method for analyzing factorial design,
and it is a high-efficiency, fast and economical
experimental design method. The advantage is that
only a few experiments are needed to find the optimal collocation of factor level points or the optimal
collocation is inferred by calculation from the experimental results.

Analysis of results. The experiment was conducted according to the orthogonal experiment
Table 2. The specific experimental results are
shown in Table 3 for intuitive analysis.
From the intuitive analysis in Table 3, the following conclusions can be drawn: the degree of
influence of each factor on the CH4 emission is
overburden temperature> atmospheric pressure >
the moisture content of the overburden > time.

(a)

(b)
FIGURE 5
Surface Plot of Methane emission rate (mmol/m2h) vs D, C

FIGURE 6
Contour Plot of Methane emission rate (mmol/m2h) vs D, C
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(a)

(b)
FIGURE 7
Surface Plot of Methane emission rate (mmol/m2h) vs D, A

FIGURE 8
Contour Plot of Methane emission rate (mmol/m2h) vs D, A
TABLE 1
Factors and level table
Level
1
2
3

A
24
29
33

B
99
99.3
99.6

C
5
10
15

D
1
4
7

C
1
2
3
2
3
1
3
1
2

D
1
2
3
3
1
2
2
3
1

TABLE 2
Orthogonal experiment table
No.
1
2
3
4
5
6
7
8
9

A
1
1
1
2
2
2
3
3
3

B
1
2
3
1
2
3
1
2
3
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TABLE 3
Visual analysis table
No.
1
2
3
4
5
6
7
8
9
Mean 1
Mean 2
Mean 3
Range

A
1
1
1
2
2
2
3
3
3
8.490
9.047
9.028
0.557

B
1
2
3
1
2
3
1
2
3
8.784
8.623
9.157
0.534

C
1
2
3
2
3
1
3
1
2
8.603
8.893
9.068
0.465

D
1
2
3
3
1
2
2
3
1
8.937
8.888
8.740
0.197

Methane emission rate (mmol/m2h)
8.250
8.330
8.890
8.900
9.110
9.130
9.203
8.430
9.450

[6] Yang, X., Yue, B., Huang, Z.C., Yin, Y.,
Huang, Q.F., Wang, Q. (2011) Research on
CH4 Emission Fluxes from Active Terrace Surface of MSW Semi-aerobic Landfills. Journal
of Environmental Engineering Technology.
1(9), 383-388.
[7] Gao, Q., Du, W., Lu, S., Zhang, Z., Zhang, E.,
Wu, J., Ren, Z. (2006) Methane Emission from
Municipal Solid Waste Treatments in China.
Advances in Climate Change Research. 2(6),
269-272.
[8] Yu, M., Zhang, F., An, J. (2012) Landfill Gas
Generation Model Based on Difference of Gas
Generation Rate of Waste. Environmental
Sanitation Engineering. 20(4), 45-50.
[9] Lohila, A., Laurila, T., Tuovinen, J.P. (2007)
Micrometeorological measurements of methane and carbon dioxide fluxes at a municipal
landfill. Environmental Science and Technology. 41(8), 2717-2722.
[10] Ishigaki, T., Yamada, M., Nagamori, M.
(2005) Estimation of methane emission from
whole waste landfill site using correlation between flux and ground temperature. Environmental Geology. 48(7), 845-853.
[11] Ma, Z.Y., Li, H.L., Yue, B., Gao, Q.X., Dong,
L. (2014) Study on Emission Characteristics
and Correlation of GHGs CH4 and CO2 in
MSW Landfill Cover Layer. Journal of Environmental Engineering Technology. 4(5), 399405.
[12] Stanley, E.H., Casson, N.J., Christel, S.T.,
Crawford, J.T., Loken, L.C., Oliver, S.K.
(2016) The ecology of methane in streams and
rivers: patterns, controls, and global significance. Ecol. Monogr. 86, 146-171.
[13] Zhang, H.H., He, P.J., Shao, L.M. (2009) N2O
emissions at municipal solid waste landfill
sites: Effects of CH4 emissions and cover soil.
Atmospheric Environment. 43(16), 2623-2631.

CONCLUSIONS
In this paper, the static box method is used to
analyze the change of CH4 emission rate in the
sealed area of the landfill, the influence of different
factors on the change of emission rate is investigated, and the orthogonal test design is carried out.
The results show that stable CH4 emissions from
landfills are not total and continuous emissions, but
local intermittent emissions. The emission rate of
landfill methane in 24 h is mainly affected by overburden temperature. The degree of influence of
each factor on the CH4 emission is overburden
temperature> atmospheric pressure > the moisture
content of the overburden > time.
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ABSTRACT

INTRODUCTION

At present, most oil fields have entered the
middle and later stages of oil exploitation, and the
water content of the crude oil produced has reached
70% to 80%, and some oil fields have even reached
90%. After separation of oil and water, a large
amount of oily sewage is generated. If the oily sewage is directly discharged without treatment, it will
not only cause pollution of the soil and water
sources, but also cause economic losses to the
country, but also endanger the interests of the oil
field. In view of the characteristics of high suspended matter and organic matter concentration in
the oil field sewage, the flocculation method is used
to pretreat the oil field sewage to remove suspended
solids; after flocculation and sedimentation treatment, the oil field sewage is subjected to deep
treatment of supercritical water oxidation to remove
the high concentration of oil field sewage refractory
organic matter. Optimize the operation parameters
of each process and draw the conclusions:
(1) The best treatment conditions obtained by
the flocculation sedimentation process are: when
the pH is 7, the dosage of PAC is 1200 mg/L and
the dosage of PAM is 50 mg/L, the treatment effect
is the best. The pretreatment of flocculation agent
makes COD removal reached 60%.
(2) Under sufficient oxygen supply conditions,
supercritical water oxidation has a good treatment
effect. When the reaction temperature is 44ႏ, the
reaction pressure is 24 MPa, and the reaction residence time is 10 min, COD removal can be much
greater than 90 %. Orthogonal test results show that
the reaction temperature is the most critical factor
affecting the treatment effect.

China is one of the world's major oil countries.
After years of development, oil has become the
driving force of China's economic development. At
present, new energy is developing in full swing, but
it still cannot shake the status of oil resources. For
the petroleum industry, its industrial chain is relatively long, and any part of the industrial chain will
have a greater impact on society [1]. China's petroleum industry has entered a mature stage, and most
oil fields have entered the mid-to-late stage of development. In the mid-to-late stage of crude oil
development, the water content of crude oil is relatively high. Separation will produce a large amount
of sewage. The composition of sewage is very
complicated. Some sewage contains a lot of heavy
metal ions, which will cause great damage to the
soil [2]. In the process of crude oil production, there
is still a certain amount of sewage called oily sewage. The so-called oily sewage mainly refers to the
sewage containing crude oil. The displacement of
this part of sewage is relatively large, which will
also cause greater damage to the surrounding environment. In order to promote the sustainable development of China's energy and at the same time to
achieve the basic goal of environmental protection,
it is very important to treat the sewage in oil fields.
In order to completely solve the shortcomings
of sewage treatment in the current oilfield development process, the focus is to continuously innovate related technologies and accelerate the research of new reagents. At the same time, the water
treatment facilities must be improved [3]. Oiler and
photocatalytic oxidation technology have achieved
very good results in sewage treatment. In addition,
microbial treatment technology, microwave energy
technology and ultrasonic technology also have
relatively good development prospects. Although
most domestic oilfields currently use membrane
separation technology to treat oilfield sewage, this
type of sewage treatment technology has the disadvantages of high cost and serious pollution to the
oilfield, so the future research and development
trend of oilfield sewage treatment technology

KEYWORDS:
Oilfield sewage, COD removal, Chemical oxidation,
Flocculation
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should be studied new type membrane with good
quality and low price is used for oil field separation, reducing the pollution degree of oil field in the
process of oil field sewage treatment [4].
Supercritical water refers to water whose temperature and pressure are above its critical point
ௗ&  03D  &RPSDUHG ZLWK RUGLQDU\
liquid water, various physical and chemical properties of supercritical water have undergone significant changes: hydrogen bonds between water molecules have weakened, density, viscosity, and ion
product have all decreased significantly, the diffusion coefficient has increased, and the dielectric
constant has become extremely small, roughly
equivalent to the dielectric constant of normal organic solvents under standard conditions [5-10].
Therefore, supercritical water has very little solubility for inorganic salts, but has a very strong solubility for O2 and most organic substances, forming
a homogeneous system, and the phase interface
disappears, making the heat and mass transfer performance good, which is a good reaction medium.
Supercritical water oxidation technology is to use
the special properties of supercritical water such as
low viscosity, low dielectric constant, and high diffusivity, so that the organic matter completely dissolved in it and the oxidant will undergo a rapid and
thorough homogeneous reaction [11]. Converted
into carbon dioxide, chlorine, sulfur, phosphorus
and other elements into corresponding inorganic
salts, the vast majority of nitrogen elements into
nitrogen, to achieve efficient and harmless treatment of organic waste.
SCWO has a fast reaction rate and short residence time; high oxidation efficiency, and the
treatment rate of most organic substances can reach
more than 99% [1-16]; the reactor structure is simple and the equipment volume is small; the treatment range is wide, and it can be used not only for
various toxic substances, sewage, and waste Treatment can also be used to decompose organic compounds; no external heating is required, the treatment cost is low; good selectivity, by adjusting the
temperature and pressure, it can change the physical and chemical characteristics of water density,
viscosity, diffusion coefficient, etc., thereby changing its effect on organic matter Solubility, to
achieve the purpose of selectively controlling the
reaction product. The supercritical oxidation method has been applied in the United States, Germany,
Sweden, Japan and other European and American
countries, but the research in China started late and
is still in the laboratory research stage [17].
Flocculation is the most commonly used
method in sewage treatment. It mainly removes SS
and partially reduces COD concentration, and reduces the suspended suspended matter and organic
matter load for subsequent treatment. Moreover, the

operation of coagulation is relatively simple, the
investment cost is low, and the effect is also obvious [18]. The basic principle is to reduce the suspended matter and colloid in the sewage by compressing the double electric layer on the surface of
the particles, reducing the interface Ze-ta potential,
bridging, net catching, adsorption and other processes. It will coagulate with other materials that
can be flocculated to form large flocs. After settlement, most of the flocs sink into the bottom to become mud, which makes the effluent more clear
[19-22].
In this study, the combined process of “supercritical water oxidation-flocculation and precipitation” was used to treat oilfield sewage to analyze
the effect and mechanism of COD removal in the
oilfield sewage. The relevant parameters of the effect have been optimized and adjusted, and the obtained optimized parameters will provide a reference for the actual processing engineering design
and operation process.

MATERIALS AND METHODS
Take 50 mL of sewage in five 100 mL beakers, at a certain temperature, adjust the pH of the
sewage = 7, and then add 0.6, 1.0, 1.4, 1.8, and 2.2
mL of PAC , Quickly stir, then add PAM and stir
slowly until the alum becomes larger. After standing for precipitation, the supernatant was taken to
measure its COD. The experiment was conducted in
4 groups. After that, change the pH value so that pH
= 4 and pH = 10, and repeat the above experimental
process to find the best dosage and pH of PAC.
Before the experiment, the system was purged
with nitrogen, and the air in the device was discharged. The oxidant was H2O2. The reactor was
equipped with oilfield sewage. The pressure and
temperature of the reaction were measured by a
pressure gauge and thermocouple, respectively. The
entire system does not require the selfpressurization system of the high-pressure pump.
The pressure of the reactor can be controlled by
controlling the amount of water added to the reactor
and the heating temperature. The pressure pump is
only used when H2O2 is injected. First, add water
and flocculated sedimentation sewage to the reactor, then purge the entire system with nitrogen to
remove the air in the system, close the valves
around the reactor, and heat the reactor; add a certain amount of hydrogen peroxide In the hydrogen
peroxide container, when the reaction kettle reaches
the set temperature, hydrogen peroxide is injected
through the high-pressure pump. After the reaction
time is reached, the reaction fluid enters the gasliquid separator for gas-liquid separation. The device is made of 1Cr18Ni9Ti and the volume of the
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reactor is 600 mL.
The COD was determined by the GB11914-89
potassium dichromate method.

flocculation effect is very important. The reason is:
in the flocculation process, a series of reactions are
mainly carried out to remove pollutants in the oil
field sewage, and each type of flocculation agent
has a suitable pH reaction interval. It exerts the
treatment effect of flocculant. On the contrary, it
will not only increase the dosage of chemicals, resulting in an increase in costs, but also will not get

RESULTS AND DISCUSSION
Effect of pH on the effect of flocculation
and sedimentation. The influence of pH on the

FIGURE 1
Effect of pH on COD removal in flocculation treatment

FIGURE 2
Effect of PAC concentration on COD removal in flocculation treatment
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good treatment results, and will not meet the emission standards in practical applications. Therefore,
it is particularly important to check the applicable
pH of the flocculation agent used in the flocculation
process.
It can be seen from Figure 1 that at lower pH,
the COD of the oil field sewage is higher, indicating that the removal effect is not good. As the pH
value increases, the curve shows an upward trend.
The removal of COD increases. When the pH
changes from 5 to 6, it can be seen that the removal
rate of COD rises more gently, and when the pH
changes from 6 to 7, the removal of COD is rapid.
When the pH is equal to 7, the curve has the highest
point, and the COD removal reaches the maximum
value, indicating that the flocculation effect is the
best at this pH value, and the removal is as high as
62%. As the pH value rises to 8, the pretreatment
effect decreases, indicating that the treatment effect
of PAC and PAM in the treatment of such oilfield
sewage can play the best effect when the pH is
equal to 7. In general, the treatment effect under
neutral or alkaline conditions is much better than
that under acidic conditions, indicating that it is
more conducive to the formation of flocculation
conditions in neutral environments, so that it can
quickly absorb bridges and nets. It becomes a polymeric colloid to remove suspended matter and
insoluble organic matter. At the same time, PAM as
a coagulant has a certain auxiliary effect under alkaline conditions. The coagulant used in the experiment is anionic polypropylene phthalamide, so
when the pH is greater than 7, the reaction effect is
better, because the anionic polypropylene under
neutral and alkaline conditions, phthalamide can
absorb suspended matter in water to form larger
flocs, play a better synergistic role, and accelerate
the reaction process.

the amount of flocculation is insufficient, the positive and negative charges cannot be equal, and the
treatment effect is not good. PAM should be added
in an appropriate amount. The experiment shows
that the treatment effect of excessive input is not
obvious, but the consumption is increased. This is
because the particle surface is oversaturated by polymer molecules, resulting in poor or even worse
flocculation effect.
Effect of reaction temperature on COD removal. As can be seen from Figure 3, as the temperature increases, the removal of COD shows an
increasing trend. When the temperature is low, the
removal of COD is low, but the tendency of the
removal rate to increase when the temperature is
low is more obvious than when the temperature is
high. At a residence time of 10 min, the temperature
URVHIURP&WR&&2'UHPRYDOURVHIURP
83% to 92%, and when the reaction temperature
URVH IURP & WR & WKH UHPRYDO UDWH URVH
only from 92% to 93.2%. Therefore, the optimum
WHPSHUDWXUHIRUUHPRYDOLVႏ-ႏ
Effect of reaction pressure on COD removal. Figure 4 shows the effect of peroxygen ratio to 4
and reaction residence time of 10 min, and reaction
pressure on COD removal. As can be seen from
Figure 4, as the reaction pressure increases, COD
removal shows an increasing trend. When the pressure exceeds 24 MPa, COD removal shows a gentle
upward trend. Therefore, it is more appropriate to
control the reaction pressure at 24 MPa - 30 MPa.
Effect of peroxygen ratio on COD removal.
The amount of oxidant added to the SCWO system
is generally a multiple of the theoretical demand.
The experiment uses H2O2 as the oxidant. Figure 5
shows the effect of reaction pressure of 24 MPa,
reaction residence time of 10 min, and peroxide
ratio on COD removal. It can be seen from Fig. 5
that with the increase of the peroxygen ratio, the
COD removal increases. When the peroxygen ratio
exceeds 3, the increase of COD removal shows a
gentle trend. Therefore, a peroxygen ratio of 3 to 7
is more appropriate.

Effect of dosage of chemicals on flocculation and sedimentation. It can be seen from Figure
2 that under other conditions unchanged, when the
dosage of PAC is 1200 mg / L and the dosage of
PAM is 50 mg/L, the treatment effect is the best.
The pretreatment of flocculation agent makes COD
removal reached 60%. It was found through observation that the oilfield fracturing flowback fluid
after pretreatment was colorless and transparent.
The reason for this analysis is that PAC belongs to
the strong electrolyte. After adding it to the sewage,
it breaks the original colloidal equilibrium state and
achieves destabilization. When the treatment effect
is the best when the positive and negative charges
are equal, the addition of excessive flocculant will
cause Excessive positive charges in the water cause
mutual repulsion, which causes the flocs to destabilize again and affect the removal of pollutants.
Therefore, the treatment effect becomes poor. When

Effect of pH on COD removal. Figure 6
shows the effect of reaction pressure of 24 MPa,
peroxygen ratio of 7, reaction residence time of 10
min, and pH value on COD removal. As can be
seen from Figure 6, under acidic conditions, COD
removal is lower than pure water, under alkaline
conditions, COD removal is higher than pure water
conditions, but the pH is not too high, when the pH
is 10, COD removal is the most Well, the pH continues to rise, but COD removal has declined. The
possible reason is: during the oxidative degradation
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FIGURE 3
Effect of reaction temperature on COD removal

FIGURE 4
Effect of reaction pressure on COD removal
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FIGURE 5
Effect of peroxygen ratio on COD removal

FIGURE 6
Effect of pH on COD removal

Level
1
2
3

A
420
430
440

TABLE 1
Factors and level table
B
5
7
9
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C
3
5
7

D
26
28
30
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of oilfield sewage, the intermediate product
CH3COOH is formed, and OH- can neutralize the
H+ generated in the reaction system, when the pH is
10, it can just neutralize the generated H+, when the
pH is 12 When OH- is excessive, it will have a negative effect on COD removal.

ous factors on the supercritical water oxidation
treatment oilfield sewage and the influence of various factors on the test results, this experiment conducted a four-factor three-level orthogonal experimental design. The factors in Table 1 are A: reacWLRQ WHPSHUDWXUH ႏ  % UHDFWLRQ UHVLGHQFH WLPH
(min), C: peroxygen ratio, and D: reaction pressure
(MPa).

Orthogonal test. Orthogonal test design is
another design method to study multi-factors and
multi-levels. It selects some representative points
from the comprehensive test based on orthogonality
for testing. These representative points have uniform dispersion, with the characteristics of “uniformity and comparability”, orthogonal test design
is the main method for analyzing factorial design,
and it is a high-efficiency, fast and economical experimental design method. The advantage is that
only a few experiments are needed to find the optimal collocation of factor level points or the optimal
collocation is inferred by calculation from the experimental results.
In order to investigate the importance of vari-

No.
1
2
3
4
5
6
7
8
9

No.
1
2
3
4
5
6
7
8
9
Mean 1
Mean 2
Mean 3
Range

A
1
1
1
2
2
2
3
3
3

A
1
1
1
2
2
2
3
3
3
84.90
90.47
90.28
5.57

Analysis of results. The experiment was conducted according to the orthogonal experiment Table 2. The specific experimental results are shown
in Table 3 for intuitive analysis.
From the intuitive analysis in Table 3, the following conclusions can be drawn: the degree of
influence of each factor on the entire reaction is
reaction temperature> reaction residence time>
peroxide ratio> reaction pressure. The reason is that
the increase in temperature causes the reaction rate
constant to become larger and the reaction to accelerate, which is beneficial to the oxidative decompo

TABLE 2
Orthogonal experiment table
B
1
2
3
1
2
3
1
2
3
TABLE 3
Visual Analysis Table
B
C
D
1
1
1
2
2
2
3
3
3
1
2
3
2
3
1
3
1
2
1
3
2
2
1
3
3
2
1
87.84
86.03
89.37
86.23
88.93
88.88
91.57
90.68
87.40
5.34
4.65
1.97
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C
1
2
3
2
3
1
3
1
2

D
1
2
3
3
1
2
2
3
1

COD removal (%)
82.50
83.30
88.90
89.00
91.10
91.30
92.03
84.30
94.50
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sition of organic pollutants. When the reaction residence time is short, the carbon and other compounds in the sewage have not been fully oxidized
to form incompletely degraded intermediate products. With the extension of the reaction residence
time, the intermediate products are decomposed
into inorganic substances such as CO2 and H2O.
Increasing the amount of oxidant will increase the
concentration of oxygen relatively, which is beneficial to the oxidation reaction from the perspective
of reaction kinetics. The increase in reaction pressure increases the concentration of the reactants,
thereby accelerating the reaction rate.
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(2020) Evaluation of metal removal performance of rod-type biosorbent prepared from
sewage-sludge. Environmental Engineering
Research. 25(5), 700-706.
[5] Cocero, M.J., Alonso, E., Sanz, M.T., FdzPolanco, F. (2002) Supercritical water oxidation process energetically self-sufficient operation. J. Supercrit. Fluids. 24(1), 37-46.
[6] Kritzer, P., Dinjus, E. (2001) An assessment of
supercritical water oxidation (SCWO). Existing
problems, possible solutions and new reactor
concepts. Chem. Eng. J. 83(3), 207-214.
[7] Benjumea, J.M., Sánchez-Oneto, J., Portela,
J.R., Martínez de la Ossa, E.J. (2018) Doubleshelled SCWO reactor designed for energy
production: Operation and modelling. The
Journal of Supercritical Fluids. 141, 230-239.
[8] Zhang, F.M., Yang, J., Ma, J.N., Su, C.J., Ma,
C.Y. (2019) Optimization of structural parameters of an inner preheating transpiring-wall
SCWO reactor. Chemical Engineering Research and Design. 141, 372-387.
[9] Yang, B.W., Cheng, Z.W., Tang, Q.L., Shen,
Z.M. (2018) Nitrogen transformation of 41 organic compounds during SCWO: A study on
TN degradation rate, N-containing species distribution and molecular characteristics. Water
Research. 140, 167-180.
[10] Al-Duri, B., Alsoqyani, F. (2017) Supercritical
water oxidation (SCWO) for the removal of nitrogen containing heterocyclic waste hydrocarbons. Part II: System kinetics. The Journal of
Supercritical Fluids. 128, 412-418.
[11] Du, X., Zhang, R., Gan, Z., Bi, J. (2013)
Treatment of high strength coking wastewater
by supercritical water oxidation. Fuel. 104, 7782.
[12] Gong, Y., Guo, Y., Wang, S., Song, W., Xu, D.
(2017) Supercritical water oxidation of
quinazoline: reaction kinetics and modeling.
Water Res. 110, 56-65.
[13] Oturan, M.A., Aaron, J.J. (2014) Advanced
Oxidation Processes in Water/Wastewater
Treatment: Principles and Applications. A Review. Crit. Rev. Environ. Sci. Technol. 44,
2577-2641.
[14] Vadillo, V., Sanchez-Oneto, J., Portela, J.R.,
Martinez de la Ossa, E. (2013) Problems in supercritical water oxidation process and proposed solutions. Ind. Eng. Chem. Res. 52,
7617-7629.
[15] Al-Duri, B., Alsoqyiani, F., Kings, I. (2016)
Supercritical water oxidation (SCWO) for the
removal of N-containing heterocyclic hydrocarbon wastes. Part I: Process enhancement by
addition of isopropyl alcohol. J. Supercrit. Fluids. 116, 155-163.

CONCLUSIONS
In this paper, the flocculation + supercritical
water oxidation combined technology is used to
treat oilfield sewage, and the influence of different
factors on COD removal is investigated. The results
show that: (1) The optimal treatment conditions
obtained by the flocculation sedimentation process
are: when the pH of the wastewater is 7, the dosage
of PAC is 1200 mg / L and the dosage of PAM is 50
mg / L, the treatment effect is the best. The pretreatment of flocculation agent makes COD The
removal rate reached 60%. (2) Under sufficient
oxygen supply conditions, supercritical water oxidation has a good treatment effect. When the reacWLRQ WHPSHUDWXUH LV ႏ WKH UHDFWLRQ SUHVVXUH LV
24 MPa, and the reaction residence time is 10 min,
COD removal can be much greater than 90%. Orthogonal test results show that the reaction temperature is the most critical factor affecting the treatment effect.

REFERENCES
[1] Jiang, Y.Y., Tao, K.L., Qu, C.T., Fan, D.D.,
Guo, X.F., Wang, C.Y., Jia, H.Z. (2017) Isolation and Characterization of Alkali-Tolerant
Crude Oil Degrading Bacteria Consortia from
the Oily Sludge. Fresen. Environ. Bull. 26,
7122-7127.
[2] Wen, J.P., Yin, P., Zhen, M.H. (2008) Friction
and wear properties of UHMWPE/nano-MMT
composites under oilfield sewage condition.
Materials Letters. 62, 4161-4163.
[3] Zin, M.M.T., Tiwari, D., Kim, D.J. (2020)
Maximizing ammonium and phosphate recovery from food wastewater and incinerated sewage sludge ash by optimal Mg dose with RSM.
Journal of Industrial and Engineering Chemistry. 86, 136-143.

239

© by PSP

Volume 30– No. 01/2021 pages 232-240

Fresenius Environmental Bulletin

[16] Pinto, L.D.S., dos Santos, L.M.F., Al-Duri, B.,
Santos, R.C.D. (2006) Supercritical water oxidation of quinoline in a continuous plug flow
reactor – part 1: effect of key operating parameters. J. Chem. Technol. Biotechnol. 81, 912918.
[17] Gong, Y.M., Wang, S.Z., Tang, X.Y., Xu, D.H.,
Ma, H.H. (2014) Supercritical water oxidation
of acrylic acid production wastewater. Environ
Technol. 35, 907-916.
[18] Ottaviano, J.G., Cai, J., Murphy, R.S. (2014)
Assessing the decontamination efficiency of a
three-component flocculating system in the
treatment of oilfield-produced water. Water
Res. 52, 122-130.
[19] Li, Y.S., Zheng, X.Y., Zheng, H.L. (2020)
H2O2/UV-Initiated Copolymerization of Acryla-mide and Dimethyl Diallyl Ammonium
Chloride: Characterization and Flocculation
Performance. Science of Advanced Materials.
12(7), 1046-1054.
[20] Guo, C., He, Q., Guo, L., Winterwerp, J.C.
(2017) A study of in-situ sediment flocculation
in the turbidity maxima of the yangtze estuary.
Estuar. Coast Shelf Sci. 191, 1-9.
[21] Susanto, H., Fitrianingtyas, M., Kurniawan, L.,
Rusli, S., Widiasa, I.N. (2017) Performance
evaluation of flocculation and membrane filtration for microalgae harvesting. Sci. Technol.
25, 1159-1172.
[22] Lama, S., Muylaert, K., Karki, T.B., Foubert,
I., Henderson, R.K., Vandamme, D. (2016)
Flocculation properties of several microalgae
and a cyanobacterium species during ferric
chloride, chitosan and alkaline flocculation.
Bioresour. Technol. 220, 464-470.

Received:
Accepted:

23.05.2020
20.07.2020

CORRESPONDING AUTHOR
Lanjie Wang
College of Chemistry and Environmental
Engineering,
Yangtze University,
JingZhou 434023 – China
e-mail:

youbin9988@outlook.com

240

© by PSP

Volume 30– No. 01/2021 pages 241-249

Fresenius Environmental Bulletin

THE DEVELOPMENT OF DOCTOR FISH, GARRA RUFA
(HECKEL, 1843), LARVAE AND THE EFFECT OF
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ABSTRACT

INTRODUCTION

The ‘doctor fish,’ Garra rufa (Heckel, 1843), is
an endemic Mesopotamian freshwater species that is
legally protected in Turkey against over-harvesting
and commercial exploitation. The present study investigated the larval development of G. rufa and the
effect of different temperatures (24, 26, 28, 30, 32,
34ºC) on larval growth and survival. Spawners were
collected from Kangal (Turkey) and reared in the laboratory for 12 months. Eggs were obtained under
intensive aquarium conditions, and the number of
eggs and hatched larvae was observed. The mean total length (TL) of the hatched larvae was 5mm (range
5–5.5mm) initially. The mouth opened 2–3days after
hatching (DAH). The yolk sac had been totally absorbed, and the larvae started to swim actively 4–
5DAH. Embryonic development was completed
within 35–36h at 28±1ºC. The morphological metamorphosis was completed and the larvae transformed into juveniles 27–35DAH. The final total
lengths of juveniles at 24, 26, 28, and 30ºC were significantly higher (P<0.05) than at 32 and 34ºC, the
lengths being 37.93±2.59, 38.41±1.99, 37.84±2.48,
37.97±1.26, 34.938±4.43, and 33.34±2.35 mm, respectively.
The
maximum
total
length
(38.41±1.99mm) and weight (0.56±0.07g) were attained on the 75thDAH at 26°C. The results indicated
that G. rufa tolerated a range of different temperatures. Specific growth rates (SGR%) were
3.54±0.39, 3.49±0.05, 3.22±0.25, 3.39±0.22,
2.59±0.19, and 2.70±0.20 g at 24, 26, 28, 30, 32, and
34°C, respectively (P<0.05). The survival rates (%)
were 100, 100, 100, 100, 90, and 90%, respectively
(P<0.05). These results may assist in the development of better techniques for larva culture and hence
the more successful production of doctor fish.

Garra rufa (Heckel 1843), commonly known
as the doctor fish, is one of around 100 Garra species
in the Cyprinidae family [1]. G. rufa is widely distributed throughout the river basins of the Middle
East, notably in Turkey, Syria, Iraq, and Iran [2,3]. It
is reported that G. rufa grazes on aquatic plants, preferring plant materials that mostly consist of benthic
chrysophytes and phytoplankton, with a few rotifers
and protozoans [4]. G. rufa is a fish species that is
used in ichthyotherapy for curing skin diseases such
as psoriasis, eczema, and atopic dermatitis [1,3,5,6],
as well as in the health and beauty industries. It is
estimated that 15,000–20,000 G. rufa are imported
into the United Kingdom each week from Indonesia
and other countries in Asia [7]. Most of the fish are
collected from natural habitats. G. rufa is legally protected in Turkey from over-harvesting and commercial exploitation. Hence, the captive breeding and
larval rearing of G. rufa can be considered important
conservation measures. Some Garra species are currently being commercially produced in countries
around the world. Nevertheless, limited information
is available on breeding and the early life history of
G. rufa. Some authors [8,9] have investigated the reproductive biology of G. rufa and the relationship
between fecundity and fish size. There is some literature on reproduction and embryonic development
[10,11], spawning induction and captive rearing
[12], diet [4], and the feeding frequency of G. rufa
[13,14]. Knowledge about larval development is vital for the development of techniques in the seed production of G. rufa. Hence, this study is mainly focused on larval development and morphology, and
secondarily on the effect on the growth and survival
rate of G. rufa larvae at different temperatures.

KEYWORDS:
Garra rufa, doctor fish, reproduction, growth, temperature

MATERIALS AND METHODS
Garra rufa broodstocks were collected from
.DQJDO %DOÕNOÕ dHUPLN in Sivas, Turkey (39° 18’
42.6” N, 37° 28’ 16.0” E). Approximately 100 specimens were carefully transferred to the laboratory. It
was estimated that the total length of the broodstock
was between 5 and 8 cm, although the total length of
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larvae (0–30th DAH) and juveniles (31st–75th DAH)
were compared during experimental rearing at temperatures of 24, 26, 28, 30, 32, and 34°C, in line with
the temperatures reported in the literature for this
species [10,17,18,19]. Larvae were obtained from
different spawners and pooled. They were stocked in
12 glass aquaria, each measuring 40 cm (L) x 30 cm
(W) x 30 cm (H), and with a water level of 25 cm
(H), at a stocking density of 10larvae/tank. Two
weeks after hatching, the larvae were randomly selected and stocked at a density of 10 larvae/30 L volume in six different temperature treatments (stocking
density = 10 larvae per tank). The total length and
weight of the larvae were measured daily using
standard methods and the total number was calculated. Larvae were fed with Artemia nauplii until the
13th DAH. They were then fed with commercial fish
food (500–800 μm) between the 13th DAH and the
50th DAH and with a different commercial food
(800–1,200 μm) from the 45th to the 75th DAH. Both
types of food had the same content (protein: 50%,
fat: 7%, fiber: 2%, ash: 12%, moisture: 12%; BioAqua, Turkey). The growth experiment was replicated twice at different temperatures. Total lengths
of larvae were measured with a digital caliper to the
nearest 0.01 mm (Mitutoyo model CD-15DCX, Japan), and the weight of larvae measured with an electronic balance to the nearest 0.001 g (Shimadzu
Electronic Balance type BL-320H, Japan). No anesthetic agent was used during measurements. The survival rate was checked daily.

individuals was not measured to avoid stress. The
fish were acclimatized to laboratory conditions for a
period of 2 weeks, in four indoor glass aquaria (~55–
60 L per aquarium) under the same environmental
conditions. After acclimatization, they were stocked
in eight glass aquaria, each measuring 60 cm (L) x
30 cm (W) x 60 cm (H), and with a water level of
31–32 cm (H). The maximum stocking density was
50 individuals per aquarium. They were fed with
commercial fish feed (protein: 46%, oil: 12%, fiber:
3%, ash: 11%, moisture: 8%) twice a day. Water
temperature, pH, and oxygen were monitored at
28 ± 1°C, 8.0–8.4, and 6.0–6.2 mg l-1, respectively,
for broodstock maintenance. The water temperature
was controlled via additional submerged heaters
(100 watt), and the photoperiod was maintained at
12L/12D by fluorescent lighting (lights were on between 07:00 and 18:00). Eight spawning tanks (each
measuring 60 cm (L) x 30 cm (W) x 60 cm (H), with
a water level of 31–32 cm (H), 55–60 L), were prepared. The stocking ratio of males to females in each
tank was 2:2, selected randomly from broodstock
tanks. The data were collected from eight broodstock
tanks for a period of two months. The fertilized eggs
were removed from the breeding tanks by siphoning,
before being counted and measured under an Olympus BX51 research microscope (Tokyo, Japan). The
eggs were incubated in 30 L glass tanks, filled with
water from the breeding tank, and were aerated with
airstones. The temperature of the incubation tanks
was kept at 28 ± 1°C. All larvae used in the experiment were obtained from the same batch of eggs.
The larvae were reared from the hatching to the
postlarval stage (30 DAH). Ten percent of the water
in the rearing tank was renewed daily from the 4th to
the 30th DAH. The larvae were fed with Artemia salina (INVE Aquaculture, Inc., Dendermonde, Belgium) from the 3rd to the 15th DAH. Larvae were fed
commercial microparticle feed from the 13th to the
30th DAH (500–800 μm; containing protein: 50%,
fat: 7%, fiber: 2%, ash: 12%, moisture: 12%; BioAqua, Turkey). They were fed three times per day.
Larvae were randomly sampled (n = 2) daily during
the 30th DAH stage. They were then observed under
a stereomicroscope (Olympus BX51, Tokyo, Japan)
and photographed using a colour video camera (Q
Imaging, Micropublisher 3.3 RTV, Burnaby, BC,
Canada). During the procedure, the specimens were
anesthetized with clove oil solution (0.05 mL-1), prepared by dissolving clove oil in 95% ethanol at a ratio of 1:10 (clove oil:ethanol), as described by Anderson et al. [15].
Larval developmental stages were identified
according to Kendall, Ahlstrom, and Moser [16] and
differentiated into four periods: I: yolk-sac larva, II:
preflexion larva, III: flexion larva, and IV: postflexion larva.
In addition, the growth and survival of G. rufa

Data analysis. The data (total length, wet
weight, specific growth rate) were analyzed using a
one-way analysis of variance (ANOVA), and the differences were compared using Duncan’s multiple
range test (Minitab 16.2.3. and the SPSS V 25.0 programs). Pearson's chi-squared test was used to compare differences in survival rates (with the signifiFDQFH OHYHO Į    SPSS V 25.0 IBM Corp,
2017).

RESULTS
The spawning frequency of G. rufa ranged between 15 and 30 days. The number of eggs collected
from two females per spawning was between 57 and
314 (Figure 1).
The eggs of G. rufa were demersal and circular
in shape. Their diameters ranged from 2.80 to 2.90
mm, with a mean of 2.83 ± 0.04 mm. The egg capsule was transparent, while the yolk was whitish. The
fertilized eggs were non-adhesive. Hatching rates
were 85–90% in the aquaria 35 h after spawning
(Figure 2). The embryonic development was completed at 35–36 h (Figure 2).
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FIGURE 1
Total number of eggs per batch of G. rufa (two females per spawning)

FIGURE 2
Larval development of Garra rufa, 1 Dah to 27 DAH
anal and dorsal fins, and the larvae were not yet able
to swim actively. The larvae started to feed exogenously on the 3rd DAH (Figs. 2, 3.3). The swimming
activity increased and the first inflation of the swim
bladder could be observed at this stage (Figs. 2, 3.3).
The larvae started to swim actively on the 4th DAH.
The notochord end was slightly flexed. The eyes became very prominent and the number of caudal-fin
rays increased (Figure 3). The anal and dorsal fins
began to develop (Figure 3). The larvae reached a
total length of 8–9 mm on the 5th DAH, by which
time the yolk sac had been completely absorbed
(Figs. 2, 3, 4). The second inflation of the swim bladder could be observed, and the larvae swam very
well (Figure 2). The postflexion stage observation
started on the 8th DAH. The number of melanophores

Morphological development. The newly
hatched larvae were laterally compressed and elongated. Their mean total length was 5 mm (range 5–
5.5 mm) (Figure 4), and the yolk sac was 60% of the
total body length on the 1st DAH (Figure 3.1). At this
stage, the mouth and the anus were closed, and the
body of each larva was transparent (Figure 3.1). The
alimentary tract appeared as an undifferentiated
short tube, and the eyes were not pigmented. The primordial fin fold was well developed and the pectoral
fin was observed (Figure 3.1).
During the 2nd day, the yolk sac became smaller
(Figure 3.2). The pigmentation of the eyes and the
body increased but remained translucent. The swim
bladder was first observed at the 2nd DAH. The primordial fin was slightly differentiated, but not the
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increased. The differentiation of the dorsal and anal
fins started at this stage (Figure 3): the caudal fin began to separate from the continuous fin, and the
number of rays increased as well. Most of the larvae
were still homogeneously distributed in the water
column on the 9th DAH. A single barbel bud, located
on the ventral side of the lower jaw, appeared between the 9th and 11th DAH (Figs. 3.9, 3.10). At this

stage, the pigmentation increased on the head and on
the lateral parts of the body. All the fins were more
developed, with separated rays, and the caudal fin
became forked (Figure 3). The length of the larvae
now ranged between 12 and 13 mm (Figure 4).

FIGURE 3
Larvae, fry and juvenile development of (G. rufa) from age 1
DAH to 27 DAH at 28±1°C. Scale bar = 1 mm.
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FIGURE 4
Total length of Garra rufa from hatching to 27 DAH at 28±1°C.
The body shape and the pigmentation pattern were
similar to those of the adult fish between the 14th and
the 19th DAH (Figure 3.19), by which time all the
fins were well developed and the larvae had grown
to a total length between 15 and 18 mm (Figure 5).
The body was completely covered by pigments on
the 27th DAH (Figure 3.27). On that day, they had
reached 21.49 ± 2.43 mm at 28 ± 1°C (Figure 4). The
body colour ranged from a dark grey to brown with
black spots, the black pigments being dominant. All
larvae completed their metamorphosis between the
27th and 35th DAH and transformed into juveniles.
The total length of 30-day-old juveniles ranged from
22 to 25 mm (Figure 5).
Early larval development of G. rufa was divided into four main periods. The first period was the
yolk-sac larva stage (hatching to preflexion) from
the 1st to the 5th DAH; the presence of a yolk sac was
ventrally in the body. The second period, the preflexion larva stage (from the 6th to the 7th DAH), began
with the absorption of the yolk sac and ended with
the start of upward flexion of the notochord (between the 4th–6th and 7th–8th DAH). The yolk sac was
completely absorbed and the larvae could swim actively. The third period, the flexion larva stage (7th
to 8th DAH, the period during notochord flexion),
was characterized by the hypural bones assuming a
vertical position. The fourth period was the postflexion larva period (9th to 27th DAH), between the completion of flexion and the juvenile stage, namely between the 7th–8th and the 27th–35th DAH (Figure 2).
The final total lengths of G. rufa were 37.93 ±
2.59, 38.41 ± 1.99, 37.84 ± 2.48, 37.97 ± 1.26,
34.938 ± 4.43, and 33.34 ± 2.35 mm at 24, 26, 28,
30, 32, and 34°C, respectively (Table 1). Final TL at

24, 26, 28, and 30°C was significantly higher than at
32 and 34°C (one-way ANOVA, P < 0.05) (Table 1
and Figure 5). There were no significant differences
in final TL between the 24, 26, 28, and 30°C groups
(one-way ANOVA, p > 0.05). The final weights of
G. rufa were 0.54 ± 0.12, 0.56 ± 0.07, 0.53 ± 0.09,
0.52 ± 0.06, 0.43 ± 0.17, 0.41 ± 0.08 g, respectively,
at 24, 26, 28, 30, 32, and 34°C (Table 1). Final
weight at 24, 26, 28, and 30°C was significantly
higher than at 34°C (one-way ANOVA, P < 0.05)
(Table 1 and Figure 5), but there was no difference
between the final weights at 24, 26, 28, and 30°C
(one-way ANOVA, P > 0.05).
Specific growth rates (SGR %) of G. rufa were
3.54 ± 0.39, 3.49 ± 0.05, 3.22 ± 0.25, 3.39 ± 0.22,
2.59 ± 0.19, and 2.70 ± 0.20 g at 24, 26, 28, 30, 32,
and 34°C, respectively (one-way ANOVA, P <
0.05). Overall, the highest specific growth rate was
observed at 24°C (3.54% dí 1), although it was not
statistically different from the growth rate at 24, 26,
28, and 30°C (one- way ANOVA, P > 0.05) (Table
1). The lowest growth rate was observed at 32 and
34°C (2.59% dí 1 and 2.70% dí 1) (one-way ANOVA,
P > 0.05) (Table 1).
The survival rate (%) of G. rufa at 24, 26, 28,
30, 32, and 34°C was 100, 100, 100, 100, 90, and
90%, respectively (Pearson’s chi-squared test, P <
0.05). The survival rate was high in all temperature
treatments (> 90%) (Table 1), but the highest survival rate was observed at 24, 26, 28, and 30°C
(100%), there being no significant differences in survival rates at these temperatures (Pearson’s chisquared test, P > 0.05). The lowest survival rate was
observed at 32 and 34°C (90%) (Table 1).
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FIGURE 5
Mean total length of Garra rufa from 15 DAH to 75 DAH at six different temperature levels (°C).
TABLE 1
Growth performance of Garra rufa larvae/juveniles at
six different temperatures from 15 DAH to 75 DAH.
24 °C

26 °C

28 °C

30 °C

32 °C

34 °C

Initial TL

21.18±1.98ª

20.51±2.34ª

21.69±1.26ª

21.18±1.10ª

21.04±1.12ª

21.71±1.10ª

Final TL

37.93±2.59ª

38.41±1.99ª

37.84±2.48ª

37.97±1.26ª





Initial W

0.076±0.030ª

0.070±0.018ª

0.087±0.032ª

0.062±0.011ª

0.086±0.046ª

0.076±0.029ª

Final W

0.54±0.12ª

0.56±0.07ª

0.53±0.09ª

0.52±0.06ª





SGR (% day)

3.54±0.39ª

3.49±0.05ª



3.39±0.22ª

ಟ

ಟ

Survival %

100ª

100ª

100ª

100ª





Note: Values marked with different superscripts are significantly different from each other (P<0.05).
TL=Total length (Mean±SD mm), W= Wet weight (Mean±SD g).
SGR = Specific growth rate (% day) = (ln final weight – ln initial weight) x 100 / Time (60 days)
Specific growth rate (SGR) was calculated as (lnW2 í lnW1 ǻT ZKHUHǻT is the number of days between times T1 and T2.

present study indicate that two female G. rufa
spawned between 57 and 314 eggs per spawning.
Abedi et al. [9] reported that the absolute fecundity
of G. rufa ranged from 283 to 3,794 eggs per female.
The egg size of cyprinids varies widely. The fecundity of G. rufa is lower than that of other species
but the egg of this species is larger than most of the
species in the Cyprinidae family. Egg diameters of
some cyprinid species are reported as 1.4–1.6 mm
for Carassius auratus [26], 0.75 mm for Puntius
conchonius [27], 1.18 ± 0.05 mm for Capoeta tetrazona [28], 0.7 mm for Danio rerio [29], 1.3–1.5
mm for Barbus sharpeyi [30], and 1.8–1.9 mm for
Cyprinion macrostomus [31]. On the other hand,
while the eggs of some species in the Cyprinidae
family are reportedly adhesive [30], the eggs of G.
rufa are not.
The diameters of some Garra species eggs are
reported as 0.77–1.87 mm for Garra ceylonensis
[18] and 2.46 mm for Garra surendranathanii [19].

DISCUSSION
The ovarian development in fish can be classified into three major types: synchronous, group synchronous, and asynchronous [20]. Most of the teleost
fishes are classified as group synchronous [21,22].
In the synchronous type, the fish spawn all the eggs
and die; in the group synchronous type, the fish
spawn seasonally multiple times in a year; and in the
asycnhronous type, the fish spawn multiple times in
a day. G. rufa is an asynchronous spawner, and not
all the mature females spawn at once [9,23]. The present study indicates that mature G. rufa can spawn a
few times during 1–2 months.
The range of fecundity for some Garra species
is reported as 740–4,390 eggs for Garra ceylonensis
[21], 562 ± 176 eggs for Garra ceylonensis [18],
539–2,968 eggs for Garra tana [23], 581–1,800 eggs
for Garra regressus [24], and 431–5,402 eggs for
Garra surendranathanii [25]. The findings of the
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The mean diameter of fully mature eggs of Garra
regressus is reportedly 1.81± 0.016 mm, while that
of Garra tana is 1.22 ± 0.006 mm [24]. On the other
hand, in the present study, the eggs of G. rufa were
transparent, demersal, and non-adhesive, and ranged
from 2.80 to 2.90 mm in diameter, with a mean of
2.83 ± 0.04 mm. The study revealed that the eggs
hatched in approximately 35–36 h at a temperature
of 28 ± 1°C, whereas Gomes et al. [11] reported that
the hatching time was between 24 and 48 h at 26°C.
Considering other Garra species, the hatching time
for Garra ceylonensis was 36–48 h at 26–28ºC [17],
for Garra surendranathanii from 35.2 ± 0.3 to 36.9
± 0.4 h [18], and for Garra parvifilum between 24
and 26 h at 25–28°C [17].
Garra rufa larvae absorbed the yolk sac within
4–6 days at 28 ± 1°C and started to feed exogenously
before complete absorption of the yolk sac. It has
been reported that the larvae of G. rufa absorbed 2/3
of their yolk sac in 3 days after hatching at 28°C [12]
and in 48 h at 26°C [10,11]. The swim bladder was
seen within 2 days after hatching, but larvae could
not swim actively because the dorsal and anal fins
were undifferentiated and the yolk sac was large.
When the yolk sac of the Garra ceylonensis larvae
was completely absorbed, it was observed that the
hatchlings began to swim freely throughout the water column within 3–4 days [17]. Additionally, a
study found that the yolk sac was depleted within 5
days after hatching during the larval development of
Garra surendranathanii [19].
In the present study, the larval development
stage of G. rufa was completed on the 27th–35th DAH
at 28 ± 1°C. Other studies have found that the larval
development of Garra ceylonensis was completed
between the 60th and 64th days at 26–28 °C (hatchling
to postlarva stage: the 3rd–4th DAH, postlarva to the
juvenile stage: the 5th–6th DAH) [18], whereas the
larval development of Garra surendranathanii was
completed between the 55th and 60th DAH at 28 ±
1°C [19].
Water temperature plays an important role during the embryonic and larval developmental stages.
It is also one of the most important parameters affecting the survival and growth rate of fish larvae
[32,33,34]. In this study, the water temperature was
28 ± 1°C during embryonic and larval development.
The results also confirmed that the temperature affected the larval and the juvenile development of G.
rufa.
Vazirzadeh et al. [12] examined the effect of
the rearing conditions and feeding regime on the survival of G. rufa larvae, and reported that a temperature higher than 34ºC or lower than 24ºC was not
suitable for larval culture, as the larvae showed the
highest rate of mortality at these temperatures. Accordingly, they suggested that a temperature between 28 and 30ºC was the most likely condition for
the larval culturing of G. rufa [12]. A previous study
revealed that G. rufa dwells in aquatic habitats with

pH ranging between 7.0 and 9.0 and temperatures
between 15 and 31.2°C [35], which is in accordance
with the conditions observed in the present study.
Since G. rufa is both a tropical and a subtropical species and normally lives in warm waters, a temperature below 24ºC may decrease its appetite, as well as
its digestion rate [12]. Yanar et al. [36] determined
the thermal tolerance parameters of G. rufa at three
acclimatization temperatures, 20, 24, DQGௗ&$F
cording to these authors, G. rufa was the species that
had advantages for aquaculture, thanks to its tolerance of a wide range of temperatures and high acclimation response ratio (ARR) values [36]. G. rufa
was resistant to both low (3–7°C) and high (38–
41°C) temperatures, and thus its thermal tolerance
polygon (TTP) values were also high. In addition, it
was resistant to temperature fluctuations because of
its high ARR values [36]. It was reported that the optimum temperature range, from 24 to 30°C, plays an
important role in improving hatchability, growth,
food intake, and defence mechanisms during the larval development of Cyprinus carpio [37].
In the present study, final weights, total
lengths, and specific growth rates (SGR %) were
higher at lower temperatures (24–30°C; P<0.05)
(Table 1). According to Catarino et al. [14], the SGR
values of G. rufa were lower when the fish were fed
twice per day than when the daily dose was distributed three times per day. In this study, the fish were
fed three times per day at different temperatures. Catarino et al. [14] examined the optimal frequency of
feeding for the production and rearing of G. rufa,
finding that 90% survival was obtained for the treatment corresponding to a feeding frequency of twice
per day, while feeding three times per day meant the
rate dropped to 86.7%. In the present study, survival
was high in all temperature treatments (> 90%). The
survival was more than 90% at all temperatures, but
it was 100% when the temperature was between 24
and 30°C. Similarly, it was reported that the larvae
of G. rufa experienced a lower survival rate when the
water temperature was below 24°C or above 34°C
[12]. According to this study, the larvae and juveniles of G. rufa were able to grow and survive in a
wide temperature range (24–34°C) but showed variation in the optimum temperature for better growth.
In conclusion, the present study provided a
comprehensive description of the main morphological events that took place during the larval development of G. rufa, in order to establish reference data
for its normal developmental organogenesis. In addition, it was seen that the larvae and juveniles of G.
rufa grew better at between 24 and 30°C than at either 32 or 34°C. These results may provide a better
understanding of the commercial cultivation techniques of G. rufa that would promote the conservation of this species. The results also provided scientific information on captive breeding and larval development, which may also be used as a reference
for further studies on Garra species. Gomes et al.
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[11] reported that G. rufa could be marketed in three
months and might be potential reproducers in six
months. This rapid development, combined with
high market demand, makes G. rufa a very attractive
species for aquaculture [11].

[11] Gomes M.R.S., Catarino, M.M.R.S., Gonçalves, S.C., Ferreira, S.M.F. (2015) Insights on
the Reproduction and Embryonic Development
of Garra rufa (Cyprinidae). Front. Mar. Sci.
Conference Abstract: XV European Congress of
Ichthyology.
[12] Vazirzadeh, A., Zahedinejad, S., Bahri, A.
(2014) Spawning induction in doctor fish, Garra
rufa (Heckel, 1843) by Ovaprim and captive
rearing of larvae. Iranian Journal of Ichthyology. 1(4), 258-265.
[13] Catarino M.M.R.S. (2015) Formulation of a
suitable diet for the production of Garra rufa
(Heckel, 1843) and evaluation of its zootechnical performance. Dissertation to obtain the
Master's Degree in Aquaculture. (In Portuguese).
[14] Catarino, M.M.R.S., Gomes, M.R.S., Ferreira,
S.M.F., Gonçalves, S.C. (2019) Optimization of
feding quantity and frequency to rear the cyprinid fish Garra rufa Heckel, 1843). Aquaculture
Research. 50 (3), 876-881.
[15] Anderson, W.G.; McKinlay, R.S., Colaveccia.
M. (1997) The use of clove oil as an anaesthetic
for rainbowtrout and its effects on swimming
performance. North American Journal of
Fisheries Management. 17, 301–307.
[16] Kendall, A.W., Ahlstrom, E.H., Moser, H.G.
(1984) Early life history stages of fishes and
their characters. In Ontogeny and systematics of
fishes: American Society of Ichthyologists and
Herpetologists, Special Publication No. 1 (ed.
by Moser H.G., Richards W.J., Cohen D.M.,
Fahay M.P., Kendall A.W. & Richardson S.L.),
pp. 11–22. Allen Press Inc, Lawrence, Kansas,
U.S.A.
[17] Ratanchote, K. (2001) Preliminary study on induced spawning and nursing of Garra parvifilum. Thai National AGRIS Centre. Retrieved
from http://thaiagris.lib.ku.ac.th/eng/
[18] Sundarabarathy, T.V., Edirisinghe, U., Dematawewa, C.M.B. (2005) Breeding and larval
rearing of threatened, endemic fish stonesucker,
Garra ceylonensis (Bleeker). Aquaculture Research. 36(2), 196-201.
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EXPERIMENTAL STUDY AND FIELD APPLICATION OF A
NOVEL ANTI-HIGH TEMPERATURE
ENVIRONMENTAL FRIENDLY WATER BASED
DRILLING FLUID
Junyi Liu*, Gongrang Li, Ye Xia
Drilling Technology Research Institute of SINOPEC Shengli Oilfield Service Corporation, Dongying 257100, China

pollution sources of the drilling engineering,
especially in environmentally sensitive and
ecologically fragile areas [1-3]. According to the
investigation results of oil pollution sources in
China, for an conventional well of 3000~4000 m,
waste drilling fluid was close to 300m3 after well
completion. The total amount of waste drilling fluid
in 16 major oil and gas fields of China could be
more than 12 million tons every year, which is
difficult to harmless, and environmentally
hazardous treatment [4-5]. With the promotion of
environmental protection laws and regulations in
China, the new environmental protection laws
(2015) and the environmental protection tax law
(2018) have been promulgated respectively, the
drilling wastes, such as waste drilling fluid, oilbearing cuttings and sludge, must be fully
recovered and harmlessly treated, otherwise a high
environmental protection tax would be imposed,
which makes the environmental protection situation
of drilling engineering much more severe [6].
The Shengli Oilfield is a typical representative
of the old oilfields in eastern China, and the main
oil and gas blocks, such as Chengdong, Hongliu,
Xintan, and Feiyantan blocks, are widely
distributed in the Yellow River Delta Nature
Reserve. The ecological environment of core areas
and buffer zones is so fragile that it is difficult to
recover once it is contaminated with waste drilling
fluids [7-9]. In recent years, a few drilling fluid
environmental protection technologies have
continuously developed, but most of them focus on
the “end-of-pipe control”, that is, the
decontamination treatment of waste drilling fluids
and the processing technology for oil-containing
cuttings. But the related processing technology is
complex, the equipment investment is large, and the
processing cost is high [10-11]. Therefore, the
development of environmental friendly water-based
drilling fluids has been becoming the effective way
to achieve “green drilling and clean production”
from the source of waste drilling fluid. The
environmental friendly drilling fluids were
successively developed, including polymeric
alcohol drilling fluids, formate drilling fluids,
silicate drilling fluids, alkyl glucoside drilling

ABSTRACT
Drilling fluid technology is an important part
of the oil and gas drilling engineering, but waste
drilling fluids have become one of the major
pollution sources of the drilling engineering,
especially in environmentally sensitive and
ecologically fragile areas. In order to meet the
demand of environmental friendly water-based
drilling fluids in the Shengli Oilfield, a series of
environmental friendly agents, such as filtration
reducer (HB-1), shale inhibitor (HB-2) and
lubricant (HB-3), were synthesized or optimized.
The environmental friendly water-based drilling
fluids (SLHB) were finally established based on the
optimization or development of the environmental
friendly agents, and the results indicated that it
exhibited excellent rheological and filtration
behaviors with HTHP filtration lower to 10.2 mL,
and it also had good hydration inhibitive and
pollution-resistance properties with environmental
friendly performance of EC50 above 105mg/L and
BOD5/CODCr equal to 16.2%, which could meet the
national secondary standard for wastewater
discharge. Furthermore, environmental friendly
water-based drilling fluids (SLHB) has been
successfully applied in over 10 wells drilling
operation of the Shengli Oilfield, which could meet
the environmental friendly water-based drilling
fluids requirement and explored a new path of
green production in the Shengli Oilfield.

KEYWORDS:
Environmental friendly agent, water-based drilling fluid,
anti-high temperature, biological toxicity, field
application

INTRODUCTION
Drilling fluid technology is an important part
of the oil and gas drilling engineering, namely the
blood of drilling engineering, which plays a key
role in well construction. Unfortunately, waste
drilling fluids have become one of the major
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fluids, synthetic-based drilling fluids, etc. [12-14],
and their common features are non biotoxicity, easy
biodegradable, and little environmental impact.
However, the above drilling fluids have not been
popularized or widely applied due to high cost and
unsatisfactory application effects. At the same time,
in order to meet the drilling fluid performance
requirements under complex formation conditions,
the above drilling fluids are compounded with
synthetic high molecular polymer or sulfonated
additives in field application [15-17], which affects
the environmental performance of the drilling
fluids.
In order to meet the demand of environmental
friendly water-based drilling fluids in the Shengli
Oilfield, a series of environmental friendly agents
were developed or optimized. The environmental
friendly water-based drilling fluids (SLHB) were
finally established based on the optimization of the
environmental friendly agents, so as to control the
pollution of drilling fluids from the sources,
transform from “end-of-pipe control” to “sourcecontrol”. Furthermore, environmental friendly
water-based drilling fluids SLHB has been
successfully applied in over 10 wells drilling
operation of the Shengli Oilfield, which could meet
the environmental friendly water-based drilling
fluids requirement and explored a new path of
green production in the Shengli Oilfield.

Rheological and filtration behaviors tests.
The applicability of environmental friendly waterbased drilling fluids (SLHB) was investigated based
on the evaluation of rheological and filtration
behaviors. The SLHB fluids were vigorously stirred
for 20min at 10000r/min before each measurement.
To characterize the properties of drilling fluids
based on industrial practice, the rheological
behaviors of the water-based drilling fluids were
measured at a fixed rate of 600 and 300 r/min
according to the API Recommended Practice for
Standard Procedure for Field Testing Water-based
Drilling Fluids (API RP 13B-1), using a model
ZNN-D6 viscometer. The initial and 10min gel
strengths - Gelin and Gel10min - were recorded as the
half-maximal dial readings at a fixed rate of 3r/min
after being undisturbed for 10 s and 10 min,
respectively. The filtration performance was
measured using the ZNS-2A filtration apparatus at
room temperature for 7.5 min, and the GGS42-2
filtration apparatus at 120 ć for 30 min. The
parameters was calculated using Eq.1- Eq.5 listed
as below [18-19].
Apparent viscosity (AV) = ĳ600/2 (mPa·s) (1)
Plastic viscosity (PV) = ĳ600-ĳ300 (mPa·s) (2)
(3)
Yield point (YP) = (ĳ300-PV)/2 (Pa)
(4)
API filtration (FLAPI) = 2×FLZNS (mL)
HTHP filtration (FLHTHP) = 2×FLGGS (mL) (5)
Where, AV is the apparent viscosity, mPa·s;
PV is the plastic viscosity, mPa·s; YP is the yield
point, Pa; ĳ600 and ĳ300 are dial readings at 600 and
300r/min respectively; FLAPI is the API filtration
volume, mL; FLZNS is filtration volume measured
with the ZNS-2A filtration apparatus, mL. FLHTHP
is the HTHP filtration volume, mL; FLGGS is
filtration volume measured with the GGS42-2
filtration apparatus, mL.

MATERIALS AND METHODS
Experimental materials. (1) Chemical
agents. Calcium chloride (CaCl2), sodium chloride
(NaCl), potassium chloride (KCl), AR grade, were
all purchased from Sinopharm Chemical Reagent
Co. Ltd (Shanghai, China) and used as received.
Distilled water was used throughout the
experiments.

Environmental
friendly
property
evaluation. The environmental-friendly performance of SLHB fluids was evaluated through
biological toxicity and biodegradability tests. The
half-maximal effective concentration (EC50) was
adopted as the evaluation parameter of biological
toxicity, and the biological toxicity tests were
conducted with the Microtox Model 500 Biological
Toxicity Tester (SDI Corporation, USA) by the
luminescent bacteria method. The ratio of
biochemical oxygen demand (BOD) to chemical
oxygen demand (COD) was adopted as the
evaluation parameter of biodegradability, and the
biodegradability tests were conducted with the
Biochemical
Oxygen
Demand
Tester
(JUCHUANG, China) by the air pressure difference
method and the Chemical Oxygen Demand Tester
(XINGHUAN, China) by the rapid digestion
spectrophotometry method. The heavy metal
content, such as Cr, Ge, Hg, As, was evaluated
through atomic absorption spectrophotometry tests.

(2)
Drilling
fluid
additives.
The
environmental friendly water-based drilling fluid
tested was prepared using standard commercial
additives or self-developed additives. The bentonite,
shale inhibitor (HB-2), lubricant (HB-3), flocculant
(HB-4), anti-sloughing agent (HB-5) and rheology
modifiers (HB-6), were provided by Shengli
Petroleum Engineering Co., Ltd. (Dongying, China).
The filtration reducer (HB-1) was self-developed
for environmental friendly water-based drilling
fluid. Polyamine inhibitor (AP-1), polymeric
alcohol (JLX-C), and lubricants (LUB-1, LUB-2,
LUB-3, LUB-4), were provided by Shandong
Deshunyuan Petroleum Technology Co., Ltd.
(Dongying, China). The starch-based filtration
reducers (HCMS, FLO) were provided by
Shandong Shida Chuangxin Technology Co., Ltd.
(Dongying, China).
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(2) Shale inhibitor (HB-2). The upper
formations of the Shengli Oilfield are soft, and
strong mud-making ability, which are very easy to
induce complicated downhole conditions, such as
bit balling, tight borehole, and trip blocked. This
requires strong shale inhibitive ability of the
drilling fluids to maintain the low dispersion or
non-dispersion state of the inferior solid phase in
the drilling fluids. Therefore, a compound salt
inhibitor (HB-2) was optimized, and it has strong
ability to combine the positive charged groups with
different charges and the negative charge of clay
minerals. It can also be embedded between clay
crystal layers to strongly inhibit the hydration and
expansion of clay minerals.
Taking shale rolling recovery as the evaluation
parameter, the shale inhibitive performance of shale
inhibitor (HB-2) and other inhibitors were
compared and evaluated. Table 3 shows that the
shale rolling recovery in freshwater is only 11.8%,
and the shale rolling recovery in HB-2 solutions
significantly increases to 67.9%, indicating good
shale inhibitive performance.

RESULTS AND DISCUSSIONS
Environmental friendly agents for waterbased drilling fluid. A series of environmental
friendly agents for water-based drilling fluid, such
as filtration reducer (HB-1), shale inhibitor (HB-2),
lubricant (HB-3), flocculant (HB-4), plugging agent
(HB-5) and rheology modifiers (HB-6), were
developed or optimized respectively. These
environmental friendly agents could meet the
environmental requirements of non-toxic and
easily-biodegradable with the biological toxicity
EC50 of above 105mg/L and biodegradability
BOD5/CODCr of above 15%.

(1) Filtration reducer (HB-1). It has been
proved that starch or cellulose-based natural polymer filtration reducers belong to non-toxic and
easily-biodegradable agents, but starch or cellulosebased filtration reducers have poor high temperature stability and are extremely easy to degrade
when the fluid temperature exceeds 120~130ć,
which could not meet the temperature resistance
requirements of environmental friendly water-based
TABLE 3
drilling fluids [10]. Therefore, based on molecular
Shale rolling recovery test results
structure design and synthesis optimization, starchShale rolling recovery
based filtration reducer (HB-1) was developed
Additives
/%
through etherification-crosslinking composite modification.
freshwater
11.8
Table 1 and Table 2 display the temperature
2%HB-2
67.9
and salt resistance test results of filtration reducer
2%AP-1
70.2
(HB-1). It could be seen that compared with other
2%KCl
41.3
starch-based filtration reducers, the filtration
2%JLX-C
27.1
reducer (HB-1) has good fluid loss performance in
both freshwater and brine slurries and the API fluid
loss after hot rolling of 150ć is less than 10mL.
What’s more, the biological toxicity EC50 of HB-1
is 96500 mg/L and biodegradability BOD5/CODCr
is 20.6%, which belongs to a non-toxic and easilybiodegradable agent.
TABLE 1
Temperature resistance test results of HB-1
FLAPI
AV
PV
YP
Additives
/mL
/(mPa·s)
/(mPa·s)
/Pa
4%bentonite slurry

38.0

3.5

2.5

1.0

4%bentonite slurry+1.5%HBFR-1

7.2

14.0

8.5

5.5

4%bentonite slurry+1.5%HCMS

10.2

17.5

12.0

5.5

4%bentonite slurry+1.5%FLO

13.6

7.0

5.0

2.0

PV
3.0

YP
1.5

TABLE 2
Salt resistance test results of HB-1
FLA
AV
Additives
42.
4%bentonite slurry+4%NaCl
4.5
4%bentonite slurry+4%NaCl+1.5%HBFR-1

9.6

11.5

7.0

4.5

4%bentonite slurry+4%NaCl+1.5%HCMS
4%bentonite slurry+4%NaCl+1.5%FLO

12.
0
15.
2

10.0
6.0

7.0
5.0

3.0
1.0
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(3) Lubricant (HB-3). The lubricant (HB-3)
was developed through etherification composite
modification of waste vegetable oil. It could be
seen from the Table 4 that after adding lubricant
(HB-3) in the bentonite slurry (4%w/v), the reduction rate of extreme pressure lubrication coefficient
and mud cake adhesion coefficient is 92.7% and
86.7% respectively, which is larger than that of other conventional lubricant (LUB-1, LUB-2, LUB-3,
LUB-4). What’s more, the biological toxicity EC50
of HB-3 is above 30000 mg/L and biodegradability
BOD5/CODCr is above 15%, which belongs to a
non-toxic and easily-biodegradable agent.

shear thinning performance, which could
effectively improve the flow pattern of drilling
fluids.
Environmental
friendly
water-based
drilling fluid. Based on the optimization of
environmental friendly agents, the environmental
friendly water-based drilling fluids (SLHB) were
finally established and its formula was listed as
below: 3% bentonite slurry + 2% filtration reducer
(HB-1) + 3% shale inhibitor (HB-2) + 2% lubricant
(HB-3) + 0.3% flocculant (HB-4) + 2% antisloughing agent (HB-5) + 0.03% rheology
modifiers (HB-6). The environmental friendly
water-based drilling fluids (SLHB) were evaluated
in detail, such as rheological and filtration
behaviors, pollution resistance, shale inhibition,
lubricantion, environmental friendly performance.

TABLE 4
Lubrication coefficient and adhesion coefficient
test results
Adhesion coLubrication
efficient
coefficient
Additives
reduction /%
reduction /%
2%HB-2

92.7

86.7

2%LUB-1

72.6

34.6

2%LUB-2

89.4

31.7

2%LUB-3

81.6

40.4

2%LUB-4

90.7

66.3

Rheological and filtration behaviors. Table
5 displays the rheological and filtration behaviors
test results of the SLHB fluids. It could be seen that
after hot rolling at 150ć for 16 hours, the plastic
viscosity of the SLHB fluids is within 30 mPa·s and
the dynamic shear force is between 12.5 and 14 Pa,
namely low viscosity and high shear, which is
beneficial to reduce the equivalent circulation
density (ECD) of drilling fluids. The moderate
viscosity at low shear rate could effectively
improve the cuttings carrying capacity of drilling
fluids. It also exhibits good filtration control
performance with API fluid loss of less than 5mL
and HTHP fluid loss of less than 15mL, which
could meet the demand of on-site drilling.

(4) Other environmental friendly agents.
The flocculant (HB-4) is a natural polymer-based
agent prepared through the chain extension reaction,
which has strong encapsulating inhibitive
performance. Compared with the acrylamide
polymer, the flocculant (HB-4), free of acrylamide
monomer, is non-toxic and easy to degrade, namely
strong environmental acceptability. The antisloughing agent (HB-5) mainly consists of
polyethylene glycol and polypropylene glycol, and
it could form a hydrophobic oil film by adsorbing
on the wellbore to prevent wellbore instability and
it also has a certain lubricating effect. The rheology
modifiers (HB-6) is a biopolysaccharide material of
temperature resistance up to 150ć produced by
biochemical fermentation. Because hydrogen is
present between two glycosidic rings on the
polymer chain, the entire solution produces a largescale bridge effect. Therefore, it has excellent
viscosity-increasing performance both in freshwater
and saltwater drilling fluids, and also has excellent

Conditions

Pollution resistance. Table 6 displays the
pollution resistance test results of SLHB fluids. It
could be seen that after adding 10%NaCl and
0.5%CaCl2, the viscosity and dynamic shear force
of the SLHB fluids do not change so much, and the
API fluid loss after hot rolling was less than 5mL,
indicating that the SLHB fluids has good salt and
calcium pollution resistance. After adding 10%
evaluation soil, the viscosity and dynamic shear
force of the SLHB fluids increases slightly, but it
still maintains acceptable rheological and filtration
behaviors, indicating that the SLHB fluids has good
inferior solid pollutant resistance.

TABLE 5
Rheological and filtration behaviors test results
AV
PV
YP
Gel
/(mPa
ĭ6/ĭ3
/(mPa·s)
/Pa
/Pa
·s)

FLAPI
/mL

FLHTHP
/mL

pH

Before hot rolling

48.0

30.0

18.0

4.0/9.5

12.0/10.0

3.0

-

9.0

After hot rolling ႏ

44.0

30.0

14.0

3.5/9.0

11.0/9.5

2.8

8.4

9.0

$IWHUKRWUROOLQJႏ

41.5

29.0

12.5

2.0/8.0

11.0/9.0

4.2

12.0

9.0
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TABLE 6
Pollutant resistance test results
AV
PV
YP
/(mPa·s)
/(mPa·s)
/Pa

Gel
/Pa

FLAPI
/mL

pH

12.5

2.0/8.0

2.8

9.0

21.0

11.5

3.0/6.5

3.2

8.5

27.5

22.0

5.5

0.5/2.5

4.0

8.0

45.5

31.5

14.0

1.0/4.5

3.0

9.5

Formula

Conditions

SLHB

After hot rolling

41.5

29.0

+10%NaCl

After hot rolling

32.5

+0.5%CaCl2

After hot rolling

+10% Soil

After hot rolling

Shale inhibitive performance. The hot
rolling dispersion and shale swelling tests were
adopted to evaluate the shale inhibitive
performance of the SLHB fluids using natural cores
of the Shengli Oilfield. Hot rolling dispersion tests
show that the shale rolling recovery in freshwater is
only 24.9%, and the shale rolling recovery in the
SLHB fluids significantly increases to 94.1%,
indicating good shale dispersion inhibitive
performance. Shale swelling tests show that the
linear expansion rate in freshwater is 27.3%, and
the linear expansion rate in the SLHB fluids
significantly decreases to 7.3%, indicating good
shale swelling inhibitive performance.
Anti-sloughing performance. The SEM
photos are shown in Figure 1. It could be seen that
the micro-fractures and nano-fractures are well
developed in the Shahejie Formation of the Shengli
Oilfield. The opening distribution of microfractures and nano-fractures is wide, ranging from
241 nm to 5.93 ȝP, which provides intrusion path
into shale formations for drilling fluids.
It has been proved that strengthening micronano fractures sealing performance and preventing
drilling fluid pressure transmission and filtrate intrusion, is a key measure to achieve the wellbore
stability control of the Shahejie Formation in the
Shengli Oilfield [15]. However, in order to meet the
environmental requirements of drilling fluids, sulfonated asphalts and resins would not been permitted to improve the anti-sloughing performance of
environmental friendly water-based drilling fluids.
Therefore, combined with anti-sloughing agent HB5, nano sealing agent (NS-1) was introduced to
synergistically strengthen the sealing performance
of micro-nano fractures and achieve the "multiscale" sealing effect, thus improving the antisloughing performance of the SLHB fluids (Figure
2).
The permeability plugging apparatus (PPA)
was adopted to evaluate the anti-sloughing
performance of optimized SLHB fluids using ultra
low permeability ceramic disc (400 mD). The test
results are shown in Figure 3. It could be seen that
compared with the on-site XCTX drilling fluids
(39.2 mL), the PPA filtration of optimized SLHB
fluids was only 13.2 mL. The PPA filtration is
linearly related to the square root of time, and the

FIGURE 1
SEM photos of the Shahejie Formation.

FIGURE 2
TEM photos of nano sealing agent NS-1
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national standard, so it could be introduced as an
environmental friendly water-based drilling fluids.
Field tests. The environmental friendly waterbased drilling fluids (SLHB) has been successfully
applied in over 10 wells drilling operation of Q15,
Z23, Y229 blocks in the Shengli Oilfield, which
could meet the environmental friendly water-based
drilling fluids requirement and explored a new path
of green production in the Shengli Oilfield.
Q15-X well is located at the high part of the
western structure of Q15 Block in the Shengli
Oilfield, with the well completion depth of 2505m
and maximum well deviation of 20.5°. Due to the
strong mud-making ability in the upper Dongying
Formation and the wellbore instability in the lower
Shahejie Formation, enhancing the hydration
inhibition and anti-sloughing performance of
drilling fluids is the key role in well construction.
The environmental friendly water-based drilling
fluids (SLHB) was applied in the second hole
section of Q15-X Well. The polymer drilling fluids
used in the first hole section was transmitted to the
environmental friendly water-based drilling fluids
(SLHB) after adding 0.2%~0.5%(w/v) flocculant
(HB-4), 3%(w/v) shale inhibitor (HB-2), 1%(w/v)
filtration reducer (HB-1). The viscosity of the
SLHB fluids was adjusted to 30~35s and the
bentonite content of the SLHB fluids was adjusted
to 30~40g/L. Before drilling into the Shahejie
Formation, shale inhibitor (HB-2), anti-sloughing
agent (HB-5) and nano sealing agent (NS-1) was
maintain in the effective concentration to improve
shale inhibitive and anti-sloughing performance,
and the API fluid loss of the SLHB fluids was
adjusted to below 5 mL. According to the on-site
drilling requirements, the lubricant (HB-3) was
supplementally added to ensure the lubrication
performance of the SLHB fluids.
The field application results of Q15-X well
showed that the environmental friendly water-based
drilling fluids SLHB had stable rheological and
filtration behaviors, strong pollution resistance
ability, easy maintenance, good hydration inhibition
and anti-sloughing performance. The borehole
expansion rate of second hole section of Q15-X
Well was only 1.53%. In addition, the biological
toxicity of the SLHB fluids after well completion
was above 105mg/L, indicating that the SLHB
fluids have good environmental friendly
performance.

FIGURE 3
Permeability plugging tests results.
intercept of the straight line on the y-axis is the
instantaneous filtration, and the slope of the straight
line is the static filtration rate. Compared with the
on-site XCTX drilling fluids, the instantaneous
filtration of optimized SLHB fluids was only 1.0
mL, and the static filtration rate was only 1.1
mL/min1/2, indicating that the SLHB fluids has
good anti-sloughing performance.
Lubrication performance. The extreme
pressure lubrication coefficient and mud cake
adhesion coefficient tests were adopted to evaluate
the lubrication performance of the SLHB fluids. It
could be seen from test results that because of
adding lubricant (HB-3), the extreme pressure
lubrication coefficient and mud cake adhesion
coefficient is only 0.087 and 0.0204 respectively,
indicating that the SLHB fluids has good
lubrication performance.
Environmental friendly performance. It
could be seen from Table 7 that the SLHB fluids
present
excellent
environmental
friendly
performance, with the biological toxicity EC50 of
above 105mg/L (not biologically toxic), the
biodegradability BOD5/CODCr of 16.2% (easy to
biodegrade) and heavy metals contents of below the

CONCLUSIONS
This study first optimized or developed a
series of environmental friendly agents, such as
filtration reducer (HB-1), shale inhibitor (HB-2),
lubricant (HB-3), flocculant (HB-4), anti-sloughing
agent (HB-5), rheology modifiers (HB-6), which all

255

© by PSP

Volume 30– No. 01/2021 pages 250-257

NO.
1
2
3
4
5
6
7
8
11
13

Fresenius Environmental Bulletin

TABLE 7
Environmental-friendly test results
Items
Results/(mg/L)
Mercury, Hg
Total Lead, Cr
Lead, Cr6+
Nickel, Ni
Copper, Cu
Cadmium, Ge
Zinc, Zn
Arsenic, As
Biological toxicity, EC50
Biodegradability, BOD5/CODCr

meet the environmental requirements of non-toxic
and easily-biodegradable. Secondly, the environmental friendly water-based drilling fluids (SLHB)
were established and optimized, and the results
indicated that it exhibited excellent rheological and
filtration behaviors with HTHP fluid loss of
10.2mL with good environmental friendly
performance of EC50 above 105mg/L and
BOD5/CODCr equal to 16.2%. Furthermore, the
environmental friendly water-based drilling fluids
(SLHB) have been successfully applied in over 10
wells drilling operation of the Shengli Oilfield,
which could meet the environmental friendly waterbased drilling fluids requirement and explored a
new path of green production in the Shengli
Oilfield.

2.51×10-3
0.238
0.057
<0.05
0.084
<0.05
1.46
0.075
>105
16.2%

[4] Daae, H., Heldal, K., Madsen, A., Olsen, R.,
Skaugset, N., and Graff, P. (2019) Occupational exposure during treatment of offshore drilling waste and characterization of microbiological diversity. Science of the Total Environment. 681, 533-540.
[5] Bageri, B., Adebayo, A., Jaberi, J., and Patil, S.
(2020) Effect of perlite particles on the filtration properties of high-density barite weighted
water-based drilling fluid. Powder Technology.
360, 1157-1166.
[6] Jia, J., Liu, H., and Zhao, D. (2020) Experimental study on the influence of drilling fluid
plugging property on the shale wellbore stability. Fresen. Environ. Bull. 29(3), 1886-1894.
[7] Han, L. and Li, G. (2019) Progress, Development trends, and outlook for drilling environmental protection technologies in the Shengli
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89-94.
[8] Wu, C., Liang, G., Feng, B., and Yang, Z.
(2005) Present state of offshore drilling fluid
and its development direction. Fault-block Oil
and Gas Field. 12(3), 69-71.
[9] Tehrani, A. and Gerrard, D. (2009) Environmentally friendly water-based fluid for HPHT
drilling. SPE 121783.
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drilling fluids for high-temperature applications
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DIFFERENT RESPONSE TO CADMIUM STRESS AMONG
PEANUT CULTIVARS
Jun Liu, Haiying Zong*
Qingdao Engineering Research Center for Rural Environment/School of Resources and Environment, Qingdao Agricultural
University, Qingdao 266109, China

superoxide (O2í ) and hydrogen peroxide (H2O2)
[1], The over production of ROS can react with
lipids, proteins and pigments, which leads to
membrane damage and enzyme inactivation, and
ultimately affects cell viability [2]. Subsequently,
visible symptoms of Cd-induced toxicity in plants
would be observed including biomass reduction,
chlorosis, photosynthesis inhibition and finally
death [2, 3]. Plants have developed a wide range of
defense systems to cope with Cd-induced oxidative
stress and reduce its deleterious effects. For
example, Cd stress can increase antioxidative
enzymes including superoxide dismutase (SOD),
catalase (CAT), guaiacol peroxidase (GPX),
ascorbate peroxidase (APX), and glutathione
reductase (GR) activities [4, 5], which can scavenge
or remove different ROS.
The huge difference in uptake, accumulation
and tolerance was observed in different varieties of
apple rootstocks [6], pak choi [7] and hot pepper
[8]. While the mechanisms underlying the Cd
tolerance are still poorly understood. Studies have
addressed that enhanced activities of antioxidant
enzymes increase plant Cd tolerance [2, 5]. The
activities of antioxidant enzymes to Cd exposure
varies markedly among plant species (cultivars) and
experimental conditions [1, 6]. To our knowledge,
however, relatively little is known about the
dynamics of antioxidant enzymes in different
varieties of peanut under Cd stress.
Peanut (Arachis hypogaea L.), high protein
and oil content, is one of the eight major oilseed
crops throughout the world [9]. Numerous studies
have reported that peanut can easily absorb Cd from
contaminated soil [10, 11], and consumption of
peanut with high Cd accumulation can pose risks to
human health [11]. Thus, we selected four peanut
cultivars as experimental plants to (1) investigate
cultivar variations in Cd uptake, translocation and
accumulation among peanut plants and (2) test the
physiological mechanisms that are responsible for
differential Cd accumulation and tolerance among
cultivars.

ABSTRACT
The different peanut varieties have different
response to cadmium (Cd) stress, while the
mechanisms underlying the Cd tolerance are largely
unknown. To investigate the antioxidant enzyme
activities, Cd uptake and translocation, as well as
Cd tolerance accumulation in four peanut cultivars
under 0, 5, 10,   DQG  ȝPRO/ &G&O2, a
hydroponic experiment was conducted under
controlled conditions. Cultivars differences were
found in root malondialdehyde (MDA) content,
antioxidant enzyme activities, Cd concentration in
shoots and roots, Cd translocation to shoots and Cd
accumulation in shoots and roots of peanut plants
exposure to CdCl2. Comparing genotypes, BS1106
and RH2 displayed the relative higher MDA and
root membrane permeability, Cd concentration in
shoots and roots, Cd translocation to shoots and Cd
accumulation in shoots and roots, while relative
ORZHU DQWLR[LGDQW HQ]\PH DFWLYLWLHV /RZ XSWDNH
and internal distribution may be responsible for the
variation in Cd accumulation among peanut
cultivars. The Cd accumulation was much low in
FH3 compared with the other three cultivars,
suggesting that FH3 have lower capability of Cd
accumulation.

KEYWORDS:
Cadmium, Cultivar variation, Peanut, Physiological
response

INTRODUCTION
Cadmium (Cd), one of the most toxic heavy
metal elements, has become a widespread pollutant
due to its wide range application of Cd-containing
phosphate fertilizers, sludge or urban composts,
metal-based pesticides and waste water irrigation.
Cd has mobility in the soil–plant system and is
easily absorbed by roots and transported to shoots,
which has adverse effects on plant yield and
quality.
Excess Cd in plants can impair the redox
homeostasis of cells and cause the formation of
reactive oxygen species (ROS), including
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translocation factors (TFs) of Cd from root to shoot
were calculated as follows [15]:
TF= total content of Cd in shoot / total content
of Cd in root

MATERIALS AND METHODS
Plant material and treatments. Four
genotypes of cultivated peanut, Baisha 1016
(BS1016), Rihua 2 (RH2), Qinghua 6 (QH6) and
Fenghua 3 (FH3) were used in the experiments.
After surface sterilization with 1% (w/v) calcium
hypochlorite for 10 min, seeds were sown in sand
for 72 h at 30 °C in darkness for germination in a
growth chamber. At the two-leaf stage four
germinating seeds with uniform size were
transferred to plastic containers (11.7 × 10.7 × 9
cm) filled with Hoagland nutrient solution (pH 5.8)
containing 0, 5, 10, 20, 40 or 80 ȝPRO / CdCl2,
respectively. Each treatment was replicated three.
The culture solution was replaced every 3 d. Plants
were grown were grown in a growth chamber under
a 14 h light/8 h dark regime at light intensity of 800
mol/ m/s, with corresponding air temperatures of
35/25 °C and 70 ± 5% relative humidity. The
culture solution was replaced every 3 d. The pots
were randomly moved daily to minimize position
effects.
After 30 days, the seedlings were harvested,
and roots were separated from shoots, half of the
which were dried at 105 °C for 24 h to determine
the dry weight. The dried tissues were used to
measure Cd concentration. Other half of the plants
were kept in liquid nitrogen, and then stored in
freezer for one week to determine malonaldehyde
(MDA), antioxidant enzyme activities and lipid
peroxidation.

Statistical analysis. Statistical analyses were
performed using the SPSS software (version 17.0).
All the experiments were expressed as the average
± SD of three replicates. Two-way analysis of
variance (ANOVA) followed by the Duncan test
were used to test for differences among cultivars in
the same Cd concentration.

RESULTS AND DISCUSSION
Effects of Cd stress on the root MDA
concentration in four peanut cultivars. The MDA
concentration in root was significantly influenced
by cultivar, Cd treatment and the cultivar × Cd
interaction (Figure 1). As shown in Figure 1, the
MDA concentration in roots of four peanut
cultivars all increased with the increasing Cd
concentration in culture solutions. Treatment with
&G  ȝPRO/  PDUNHGO\ LQFUHDVHG WKH 0'$
concentrations by 1.56-, 1.39-, 1.28- and 1.57-fold
in the roots of BS1016, FH3, QH6 and RH2,
respectively, when compared with the controls.
MDA is an indicator of oxidative destruction of
cellular membranes [5, 6]. In the present study, the
MDA concentration of four peanut cultivars all
increased in the different Cd treatment, indicating
that Cd stress exacerbated generation of ROS in
peanut roots, changing the structure and functions
of the cell membranes. Mover, MDA
concentrations in QH6 was lowest compared to the
other three peanut cultivars (Figure 1), indicating
that QH6 plants experienced lower oxidative
damage than other three peanut cultivars. These
results suggested that QH6 may adopt wellcoordinated physiological regulation mechanisms
under Cd stress in comparison with BS1106, FH3
and RH2.

Analysis and determination method. The Cd
concentration was determined using flame atomic
absorbance spectrometry after 0.5 g of the sample
ZDVGLJHVWHGZLWKP/RI+123/HClO4 (4:1, v/v)
[12]. The concentrations of MDA in roots was
determined by thiobarbituric acid (TBA)
chromogenic method [13]. The antioxidative
enzyme activity were determined as described by
Yu et al. [4]. The cell membrane permeability was
determined using the method of Cao et al. [14].The

FIGURE 1
MDA contents for four peanut cultivars exposed to different levels of Cd.
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plants responsible for ROS scavenging. In this
study, SOD, POD and CAT activity in roots was
affected by cultivar, Cd treatment and the cultivar ×
Cd interaction (Figure 3). For SOD, among six Cd
treatment, BS1106 and RH2 showed the highest
SOD activity in root at 10 ȝPRO/ &G WUHDWPHQW
while the SOD activity in root of FH3 and QH6 was
increased with the increasing Cd concentration in
culture (Figure 3a). Among the four cultivars
tested, FH3 and QH6 had the highest SOD activity
in root, indicating that the two cultivars had a
higher ability to clear O2í. For POD, among six Cd
treatment, BS1106 and RH2 showed the highest
POD activity in root at 10 ȝPRO/ &G WUHDWPHQW
while they showed the lowest POD activity in root
DWȝPRO/&GWUHDWPHQW&RQWUDU\WR%6DQG
RHXQGHUȝPRO/&GWUHDWPHQW FH3 and QH6
had the lowest POD activity in root, they had the
KLJKHVW 32' DFWLYLW\ LQ URRW XQGHU  ȝPRO/ &G
treatment (Figure 3b). Among the four cultivars
tested, FH3 and QH6 also had the highest POD
activity in root. For CAT, among six Cd treatment,
BS1106 and RH2 showed the highest CAT activity
LQ URRW DW  ȝPRO/ &G WUHDWPHQW ZKLOH WKH\
showed the lowest CAT activity in root at 80
ȝPRO/ &G WUHDWPHQW )LJXUH F  Contrary to
BS1106 and RH2, FH3 and QH6 had the highest
32' DFWLYLW\ LQ URRW XQGHU  ȝPRO/ 2YHUDOO
among the four peanut cultivars, FH3 and QH6
contained higher antioxidative enzyme (SOD, POD
and CAT) activities, which suggested that FH3 and
QH6 had a high free radical-scavenging capacity,
this result may explain the lower MDA content that
were observed in FH3 and QH6 in the presence of
Cd.

Effects of Cd stress on root membrane
permeability in four peanut cultivars. Root
membrane permeability of peanut cultivars were
measured by determining conductivity. The root
membrane permeability was significantly affected
by the Cd concentration, genotype, and interaction
effect of genotype × Cd concentration (Figure 2).
Overall, the cell membrane permeability in root of
four peanut cultivars increased with the increasing
Cd concentration in culture solutions. Root
membrane permeability for BS1016, FH3, QH6 and
RH2 were 31.2%, 28.4%, 34.6% and 42.0%,
respectively, when H[SRVHGWRȝPRO/&G:KLOH
it was 50.1%, 41.3% 36.6% and 64.9% for BS1016,
FH3, QH6 and RH2 respectively, when exposed to
 ȝPRO/ &G $PRQJ WKH IRXU FXOWLYDUV WHVWHG
RH2 showed the highest conductivity in all Cd
treatments. Cd stress induced a significant increase
in electrolyte leakage in all peanut specie compared
to the control, suggesting a loss of membrane
integrity in the peanut roots [16].
Effects of Cd stress on the activities of
antioxidative enzymes in roots of four peanut
cultivars. Oxidative stress can pose a major threat
to cell metabolism, including lipid peroxidation,
damage to membrane ion transporters and/or other
specific proteins, and breakage of DNA-strands [17,
18]. Antioxidative enzymes, such as SOD, POD
and CAT play important roles in eliminating ROS.
SOD can catalyses the dismutation of O• 2í into
H2O2 [19]. POD could catalyses the H2O2dependent oxidation of a substrate, while CAT and
APX convert H2O2 to H2O and O2 [20]. Therefore,
it was necessary to investigate the activities of
antioxidant enzymes of SOD, CAT and POD in

FIGURE 2
Root cell membrane permeability of four peanut cultivars exposed to different levels of Cd
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FIGURE 3
The activities of SOD(a), POD(b) and CAT(c) in roots of four peanut cultivars
concentrations ranged from 141.9 to 189.6 mg/kg,
175.9 to 364.9 mg/kg, 409.7 to 488.8 mg/kg, 605.4
to 780.3, and 818.3 to 1691.6 mg/kg for 5, 10, 20,
 DQG  ȝPRO/ &G WUHDWPHQWV UHVSHFWLYHO\
Among the four cultivars, BS1106 and RH2
showed higher Cd concentrations in roots, while
lower root Cd concentrations were observed in FH3
and QH6 (Figure 4b). These observations are in
consonance with earlier studies, showed that
several important crop species (such as hot pepper,
Hemp and Chinese cabbage) differences in Cd
concentrations and accumulation [8, 21, 22]. The
lower Cd concentrations in shoots and roots of FH3
and QH6 showed that the two cultivars were
capable of restricting Cd absorption. The BS1106
and RH2 genotype appeared to be a tolerant
cultivar, as they displayed the highest
concentrations of Cd in roots and shoots.

Effects of Cd stress on Cd concentration in
shoots and roots of four peanut cultivars.
Increasing the Cd concentration in the nutrient
solution increased Cd concentrations in roots and
shoots of four peanut cultivars, and there were a
cultivar × Cd interaction on Cd concentrations in
shoots and roots (Figure 4a and b). Significant
differences in root and shoot Cd concentrations
were observed among four peanut cultivars under
the five Cd treatments (Figure 4a and b). Cd
concentrations in shoots ranged from 36.6 to 59.7
mg/kg, 41.3 to 85.1 mg/kg, 56.0 to 103.9 mg/kg,
80.7 to 135.5, and 113.3 to 241.9 mg/kg for 5, 10,
20, 40 and 80 ȝPRO/ &G WUHDWPHQWV UHVSHFWLYHO\
Among the four cultivars, BS1106 and RH2
showed higher Cd concentrations in shoots, while
lower shoot Cd concentrations were observed in
FH3 and QH6 (Figure 4a). The root Cd

261

© by PSP

Volume 30– No. 01/2021 pages 258-265

Fresenius Environmental Bulletin

FIGURE 4
The Cd concentration in shoots (a) and roots (b) of four peanut cultivars exposed to different levels of
Cd

FIGURE 5
Translocation factors of Cd from roots to shoots of four peanuts, exposed to different levels of Cd
with the increase of Cd concentration, the Cd
translocation decreases gradually. When the Cd
FRQFHQWUDWLRQ ZDV IURP  WRȝPRO/ WKH &G
translocation from roots to shoots in four peanuts
decreased most. While the Cd concentration ˚20
ȝPRO/ &G WUDQVORFDWLRQ WR WKH VKRRWV EHFRPHV
gradually slower. Among the four cultivars, the Cd
translocation were much higher in BS1106 and
RH2 than that in FH3 and QH6. This phenomenon
can be attributed to the fact that the BS1106 and
RH2 would have smaller root concentrations of Cd

Effects of Cd stress on Cd translocation in
shoots and roots of four peanut cultivars.
Translocation factors of heavy metals can be used
to evaluate the capacity of plants to translocate
heavy metals from roots to shoots. It is calculated
as the ratio of the Cd amount in plant shoots to the
Cd amount in plant roots [10]. Cd translocation was
significantly affected by Cd × cultivar interactions,
cultivars and Cd treatment (Figure 5). The greatest
Cd translocation in four peanut varieties is the
highest ZKHQWKH&GFRQFHQWUDWLRQLVȝPRO/EXW
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than FH3 and QH6 (Figure 4a and b). Similar
results have been found in safflower [15], rice [23]
and wheat [24].

amounts of in roots ranged from 100.2 (FH3)
WR ȝJ 5+  IRU WKH  ȝPRO / &G WUHDWPHQW
DQG IURP  )+  WR  ȝJ 4H6) for 80
ȝPRO/&G$PRQJWKHIRXUFXOWLYDUV5+KDGWKH
highest total Cd in plants in all Cd treatments, and
the lowest was observed in FH3. The cultivar
difference in the Cd amounts may be related to
several physiological aspects, such as variation in
the ability to take up Cd, different acquisition
capacities of root for Cd and translocation and
accumulation capacity of Cd [22]. Yu et al.
suggested that sequestration of Cd in the root is
highly relevant for the content of Cd in the aerial
parts of the plant [4]. Similarly, Dunbar et al.
observed that internal distribution rather than
uptake may affect the cultivars difference [25]. But
Harris et al. suggested that low uptake rather than
internal distribution led to the low-Cd accumulation
in edible parts of plants [26]. In the present study,
the cultivars difference in Cd accumulation was due
to low uptake (Figure 4) and internal distribution
((Figure 5). However, the factors governing
processes of Cd uptake, translocation and
accumulation in plants are not yet understood and
needed further studies to gain a deeper insight.

Effects of Cd stress on Cd amounts in
shoots and roots of four peanut cultivars. Total
Cd amounts in all peanut cultivars were calculated
based on Cd concentrations in tissues and their
corresponding biomass in this study (Figure 6).
Significant differences in roots and shoots Cd
amounts were observed among four peanut
cultivars, which were tested under the five Cd
WUHDWPHQWV DQGȝPRO/&G  )LJXUH
6). All peanut cultivars showed increased Cd
amounts in roots and shoots with increasing Cd
level in nutrient solution. In comparison to low Cr
 ȝPRO/  WKH KLJK &G WUHDWPHQW  ȝPRO / 
increased Cd concentrations by 1.9–2.6-fold for
shoots and 1.9–3.8-fold for roots. More
importantly, the influence of Cd level on Cd
concentrations in roots and shoots was cultivar
specific. For instance, the total amounts of in shoots
ranged froP )+ WRȝJ 5+ IRUWKH
ȝPRO / &G WUHDWPHQW DQG IURP  )+  WR
 ȝJ 5+  IRU  ȝPRO / &G 7KH total

FIGURE 6
The Cd amounts in shoots(a) and roots(b) of four peanut cultivars exposed to different levels of Cd
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[5] +XDQJ 4 /LX < 4LQ ; =KDR / /LDQJ
X., Xu, Y. (2019) Selenite mitigates cadmiuminduced oxidative stress and affects Cd uptake
in rice seedlings under different water management systems. Ecotoxicology and Environmental Safety. 168, 486-494.
[6] =KRX - :DQ + +H - /\X ' /L +
(2017) Integration of cadmium accumulation,
sub^-cellular distribution, and physiological respon-ses to understand cadmium tolerance in
apple rootstocks. Frontiers in Plant Science. 8,
966.
[7] ;LD 6 'HQJ 5 =KDQJ = /LX & 6KL *
(2016) Variations in the accumulation and
translocation of cadmium among pak choi cultivars as related to root morphology. Environmental Science & Pollution Research. 23,
9832-9842.
[8] +XDQJ%;LQ-'DL+/LX$=KRX:
<L</LDR.  5RRWPRUSKRORJLFDOUH
sponses of three hot pepper cultivars to Cd exposure and their correlations with Cd accumulation. Environmental Science and Pollution Research International. 22,1151-1159.
[9] Gaurav, K., Singh, B.K., Eun-Ki, K., Morya,
V.K., Ramteke, P.W. (2015) Progress in genetic engineering of peanut (Arachis hypogaea
/ --a review. Plant Biotechnology Journal. 13,
147-162.
[10] /X = =KDQJ = 6X < /LX & 6KL *
(2013) Cultivar variation in morphological response of peanut roots to cadmium stress and
its relation to cadmium accumulation. Ecotoxicology and Environmental Safety. 91, 147-155.
[11] :DQJ.:DQJ)6RQJ1/LX-=KDQJ
T., Wang, M., Wang, Y. (2018) Contribution of
root uptake to cadmium accumulation in two
peanut cultivars: evidence from a split-column
soil experiment. Environmental Science and
Pollution Research. 25, 15036-15043.
[12] =RQJ + /LX 6 ;LQJ 5 &KHQ ; /L 3
(2017) Protective effect of chitosan on photosynthesis and antioxidative defense system in
HGLEOH UDSH %UDVVLFD UDSD /  LQ WKH SUHVHQFH
of cadmium. Ecotoxicology and Environmental
Safety. 138, 271-278.
[13] Guo, J., Qin, S., Rengel, Z., Gao, W., Nie, Z.,
/LX+/L&=KDR3  &DGPLXPVWUHVV
increases antioxidant enzyme activities and decreases endogenous hormone concentrations
more in Cd-tolerant than Cd-sensitive wheat
varieties. Ecotoxicology and Environmental
Safety. 172, 380-387.
[14] &DR 4 6WHLQPDQ $' <DR / ;LH /
(2017) Increment of root membrane permeability caused by microcystins result in more elements uptake in rice (Oryza saliva). Ecotoxicology and Environmental Safety. 145, 431435.

CONCLUSION
In conclusion, significant difference in the root
MDA content, root membrane permeability,
activities of antioxidative enzyme and Cd
accumulation were observed among four cultivars
XQGHUILYHWUHDWPHQWV DQGȝPRO/
Cd). In comparison with the BS1106 and RH2, FH3
and QH6 showed the lower root MDA and leave
membrane permeability, and higher antioxidative
enzyme (SOD, POD and CAT) activities, indicating
that the relative lower oxidative damage in root of
FH3 and QH6 may due to their relative higher
antioxidant enzyme activities in root. Moreover,
low uptake and internal distribution may be
responsible for the variation in Cd accumulation
among peanut cultivars. The Cd accumulation were
much low in FH3 compared with the other three
cultivars, suggesting that FH3 have lower capability
of Cd accumulation.
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reform, opening up, and modernization, while
achieving major achievements in economic and
social development, it has also encountered severe
challenges of environmental degradation and
ecological crises, and is facing serious ecological
and environmental problems. In the new era of
society and the realization of socialist
modernization, the Party Central Committee with
Comrade Xi Jinping at its core has clearly proposed
that ecological civilization construction should be
included in the overall layout of socialist
construction with Chinese characteristics [4-7]. At
the Eighteenth National Congress of the Party, Xi
Jinping solemnly put forward: "We must establish
the concept of ecological civilization that respects
nature, conforms to nature, and protects nature.
Throughout the process, strive to build a beautiful
new China and realize the sustainable development
of the Chinese nation." The 19th National Congress
of the Party once again emphasized the need to
"accelerate the reform of the ecological civilization
system and build a beautiful China." thinking [8-10].
The word "ecology" is derived from ancient Greek
and originally contained the meaning of "our
environment" or "home". It is the specific state of
existence and development of all living things in a
specific natural environment in the natural world,
reflecting
the
natural
life.
Physiological
characteristics and habits. After the industrial revolution, ecology was given a new connotation of
modern science, referring to the state of the natural
environment on which living beings depend on
survival and development [11]. Civilization refers to
the sum of all material and spiritual achievements
created by human society, is the basic symbol of
human progress and social development, and reflects
the level and overall style of a country or social
development. Three basic forms emerge in turn in
the development of human civilization: primitive
civilization, agricultural civilization and industrial
civilization. In the primitive stage of human
civilization, due to the extremely low productivity
level and extremely simple production activities,
people were in a purely dependent relationship with
nature. Primitive people could only survive on
nature, and humans were full of worship and awe of
nature; in agriculture During the period of

ABSTRACT
With the development of economy and society,
the contradiction between environment, resources
and survival has become increasingly prominent,
and ecological security has been seriously
threatened. To get rid of the current situation, the
construction of ecological civilization has received
more and more attention from people, and it has also
given physical education to colleges and
universities. The change of mode provides new
ideas. This article analyzes the current problems of
college physical education and the focus of the
transformation of college physical education model
under the concept of ecological civilization by
analyzing the development of ecological civilization
in China. Analysis of the needs of college sports
reform under the concept. The results of the study
indicate that ecological civilization plays an
important role in physical education. It is necessary
to establish a new concept of sports ecological
civilization, create an artificial intelligence
ecological sports teaching environment, and through
innovative and optimized teaching evaluation
methods, to achieve the university sports teaching
model under the concept of ecological civilization
change.

KEYWORDS:
Artificial intelligence technology, Physical education,
Ecological theory

INTRODUCTION
In today's world, with the progress of human
society, the development of science and technology
and the rapid increase of the world's population,
while enjoying the progress of science and
technology and economic development, human
beings are facing the deteriorating natural
environment, the destruction of ecological balance,
and the intensification of the contradiction between
man and nature [1-3]. Ecological crisis, in
contemporary China, after more than 40 years of
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civilization, due to the progress of science and
technology and the development of social productive
forces, the ability to recognize and transform nature
has gradually increased [12]. Human production
activities have begun to destroy the ecological
environment to a certain extent, but this degree of
destruction is still tolerable in nature. Within the
scope, it does not pose a serious threat to social
development, and human attitudes toward nature
have also developed from awe to threat. Since the
industrial civilization, due to the rapid development
of science and technology, the ability of humans to
understand and transform nature has been greatly
improved. The demand for and utilization of natural
resources far exceeds the limits of the natural world,
which has led to a great natural carrying capacity.
Degraded, the ecological environment was severely
damaged, and natural disasters occurred frequently,
resulting in a global ecological crisis. The
development of the times calls for the arrival of a
new human civilization, and ecological civilization
will emerge.

coordination, mutual care, symbiosis and common
development, and common development of sports,
culture and ecological environment, that is, through
sports in natural-social ecological environment to
show Human's healthy physique and personality
embodies human's care and humanitarian spirit of
nature-society, the ecological environment in sports,
and advocates a healthy, civilized and harmonious
lifestyle, so as to achieve the maintenance of world
harmony and development [13].
Eco-sports reflects the harmonious relationship
between people, sports and the environment. From a
certain perspective, ecological sports is a "green
product" (Fig.1). From its creation and promotion to
the green effect recognized by society and exerted on
society, this is a complex system process, and the
entire sports ecological chain is dynamic State of
balance. The connotation of eco-sports shows that
the “ecology” in eco-sports is not just the simple
“ecological” semantics in pure biological discourse.
The system context of eco-sports should be
understood as a philosophical way of thinking and
overall dynamic semantics to express ecology The
deep and broad situation of sports. It is an open,
diverse and complex dynamic system that endows
closeness to nature to exercise while carrying out
awareness of worry and lifelong physical education
[14].
Artificial intelligence (Fig.2 and 3), as the core
driving force of a new round of industrial
transformation, will spawn new technologies,
products, industries, formats, and models, thereby
triggering major changes in the economic structure
and achieving an overall increase in social
productivity [15]. In 2017, the State Council issued
the “Notice on Printing and Distributing the
Development Plan of New-Generation Artificial
Intelligence”, which called for the promotion of

FIGURE 1
Ecological Sports Park
Ecology sports refers to the sports activities of
the relationship or connection constructed by mutual

FIGURE 2
Artificial intelligence learning ecosystem
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intelligent social governance around the hot and
difficult issues of social governance such as
administrative management, judicial management,
urban management, and environmental protection,
and proposed the establishment of land and sea The
intelligent monitoring big data platform system of
overall planning, integration of heaven and earth,
collaboration from top to bottom, and information
sharing,
creating
intelligent
environmental
protection. In May 2018, at the National EcoEnvironmental Protection Conference, General
Secretary Xi Jinping emphasized the use of artificial
intelligence to promote the intelligent and clean
transformation of traditional industries.

RESULTS AND DISCUSSION
Students evaluate the teacher's external
performance. According to statistics, judging from
the students' evaluation of the physical performance
of physical education teachers, 92.3% of the students
like physical education teachers with extensive
knowledge; secondly, the proportion of students who
like to be good at communication, humor and strong
sports skills is 88%, 84.8% and 83.3%; and the
proportion of students who like to take physical
education teachers with temperament and handsome
looks is 70.2% and 66.6% (Fig.4). It can be seen that
knowledgeable teachers are the first choice of
students in any situation. The view that people who
have strong sports skills can take good physical
education classes and be recognized as good teachers
by students is not comprehensive. In addition, as a
sports teacher, having a unique personal
temperament and good looks is just one of the
prerequisites for being a teacher. To become a
qualified sports teacher, you must also have
extensive knowledge and a strong teaching
organization. Ability and certain motor skills.
Because letting students experience the benefits and
fun of sports through physical education is the
foundation of lifelong sports. At the same time,
experiencing fun is also an important purpose for
people to engage in physical sports and sports
competitions. Fun is the characteristic of sports.
Through physical education, students can experience
sports. Fun is necessary and necessary to satisfy
students' pursuit of sports fun. Allowing students to
experience the fun of sports through physical
education is still a requirement of modern society for
physical education. Physical education teachers
should establish intelligent learning platforms, realize the functions of online teaching and offline integration, simulated teaching, intelligent interaction,
and explore the application of robots in daily management to effectively improve work efficiency.

FIGURE 3
Artificial intelligence

MATERIALS AND METHODS
Research methods. Design questionnaires,
conduct questionnaire surveys in offline interviews
and online questionnaires, and collect relevant
information.

College PE Teaching Model Transformation
Mode under the Concept of Ecological Civilization. With the reform and development of physical
education in colleges and universities, the current
problems and disadvantages in physical education in
colleges and universities are increasingly exposed.
In order to improve the level of physical education
in colleges and universities, it is necessary to transform the traditional rigid view of disciplines and
courses into open and developed activities. Integrate
the physical education process as a course and the
physical education course as an activity process to
improve the flexibility of physical education and the
interest of college students in physical education
courses, so as to ensure the effect of physical education in colleges and universities. According to the
construction process of a socialist

Survey result assignment method. In order to
further understand the satisfaction of students with
ecological sports teaching, a random sample
questionnaire survey was conducted on a college
student. The survey divides satisfaction into 7 levels,
ranging from very dissatisfied to very satisfied
(including very dissatisfied, dissatisfied, less
satisfied, average, more satisfied, satisfied, and very
satisfied) with scores ranging from 1 to 7, That is,
very dissatisfied is 1 point, and very satisfied is 7
points.
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ecological civilization society, think about the modern physical education teaching model, by starting
from the physical and psychological state of college
students, emphasizing that school physical education
is a process of harmonious coexistence between man,
society and nature, and realize the construction of
sports ecological civilization, thus Realize the sustainable development of college sports.
Establish a new concept of sports ecological
civilization. Introduce the concept of ecological civilization in physical education in colleges and universities, and promote the ecological protection
awareness of college students in the process of physical education in colleges and universities, to raise
the awareness of ecological protection of college students, to clarify the importance of ecological protection, and then to increase the importance of college
students to themselves and the surrounding environment, Improve the understanding and love of nature,
and establish the basic concept of harmonious coexistence with nature. The concept of ecological civilization is mainly reflected in the harmonious coexistence of man, nature and society. In order to adapt to
the concept of ecological civilization, college physical education needs to be transformed into a healthy
and civilized way. The current college physical education model needs to be re-examined to make college physical education and ecological civilization
construction The close combination makes college
students and teachers form a positive ecological
sports awareness. Under the concept of ecological
civilization, colleges and universities need to help
students clarify the scientific and systematic nature
of physical education, increase their emphasis on
sports, establish a correct concept of sports, and
guide them to consciously abide by the scientific
laws of sports in sports. Scientific sports, to achieve
harmony between sports and nature, society and self.

(a)

(b)

Enrich and improve the content of physical
education. Due to the strong comprehension ability
of middle school students in colleges and universities, colleges and universities have become the best
place for the ecological teaching of sports. Through
the realization of the concept of ecological civilization, the transformation of physical education teaching mode has achieved the promotion of ecological
sports. The content of physical education in colleges
and universities should be consistent with the educational concept of "ecological civilization". In the
process of physical education, the principles of
"health first" and "lifelong physical education"
should be followed. In the teaching process, peopleoriented concepts should be reflected. Teaching development and improvement of students' physical
and mental health. Under the concept of ecological
civilization, the content of physical education in colleges and universities adds fitness, diet, health care,

(c)

(d)
FIGURE 4
Statistical results analysis
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etc., to achieve the sustainable development of college students’ living and learning status, improve
students’ sense of responsibility, realize the education of students’ ideological and moral fields, and
solve the current physical education. Existing problems of formality and poor teaching results increase
students' attention to physical education courses. Under the concept of ecological civilization, college
physical education should change from a teachercentered to a student-centered subject, optimize the
teaching content in terms of stimulating students'
learning wisdom and improving students' abilities,
and design teaching according to the rules and characteristics of students' understanding of sports teaching content. Realize teaching for student development. In the process of physical education, it is necessary to expand the original content of physical education and reform sports projects, that is, by developing the surrounding environment, re-enacting
learning goals and activity rules, and increasing the
interest of college students in sports. Through the
above discussion, the textbooks in the course of
physical education are selected and transformed. On
this basis, the content of the textbooks and the natural environment are scientifically integrated through
the characteristics of men and women, mandatory
textbooks and optional textbooks to form a standardized school-based textbook series. To enable college
students to choose the content of physical education
according to their own interests, fully feel the happiness brought by physical education, and implement
the harmonious and balanced concept of sports ecology.

psychological and emotional contents of college students are not included in the evaluation scope. In the
evaluation process, they are ignored. Students' physical exercise methods, physical and mental qualities,
and values are not conducive to the overall development of students, thus affecting the cultivation of
Chinese talents. Under the concept of ecological civilization, the transformation of college physical education model must adhere to the strategic requirements of sustainable development and pursue the
sustainable development of students' individual lives.
In the process of physical education, we must take
the existence of students' lives as the basic value pursuit, respect each student’s physical and psychological differences, evaluate the students’ sports behaviors with appreciation, and timely discover and correct the students’ development process. Existing deficiencies, guide students to correctly understand the
importance of physical education to their own development, and increase students' attention to college
sports.

CONCLUSIONS
This article analyzes the current problems of
college physical education and the focus of the
transformation of college physical education model
under the concept of ecological civilization by
analyzing the development of ecological civilization
in China. Analysis of the needs of college sports
reform under the concept. The results of the study
indicate that ecological civilization plays an
important role in physical education. It is necessary
to establish a new concept of sports ecological
civilization, create an artificial intelligence
ecological sports teaching environment, and through
innovative and optimized teaching evaluation
methods, to achieve the university sports teaching
model under the concept of ecological civilization
change.

Creating an ecological sports teaching environment. Under the concept of ecological civilization, college physical education environment mainly
includes physical environment and psychological
environment. Under the concept of ecological civilization, college physical education should emphasize
the effectiveness of education and teaching, comprehensively improve the physical quality of college
students, and adjust the relationship between teachers and students. , So that students have a higher
sense of psychological security and comfort in physical education. Students achieve emotional life and
emotional experience through physical education,
thereby cultivating students' good moral qualities,
enabling college students to improve their physical
fitness, healthy and harmonious development of
body and mind, and become qualified and ideal social people.
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The average productivity in Saudi Arabia is just
23.261 ton hectare-1 in comparison to 38.269 t/ha in
the world [3]. This average of yield per hectare is
rather low; the main reason for low yield is
environmental stresses. In Saudi Arabia, Heat stress
may become a major limiting factor for growth and
productivity of tomato [4]. The optimal temperature
for tomato growth is 25°C to 30°C during day and
20°C during night. The maximum (day) and
minimum (night) temperature in Saudi Arabia are
frequently getting higher than 35°C and 30°C,
respectively, during the summer season. Therefore,
it seriously reduces fruit set and subsequently
decrease yield. Exposure of the plants to
environmental stress such as extreme temperature
as consequence of the global warming often affect
plant growth and yield of numerous crop species
among them tomato [5]. Generally, high
temperature causes several damages in tomato
plants such as flower abortion and drop, fruit
discoloration and reduced yield [6].
The F1 hybrid of tomato is one of the greatest
significant vegetable crops all over the world [7].
The most important task, for the plant breeder, to
develop hybrids is the choice of parental lines.
Heterosis is the vigor exhibited in crosses and
epitomizes the advantage in performance of hybrid
compared to their parents. Heterosis over mid
parents and better parent was detected in tomato for
plant height [8, 9, 10]; branches plant-1; flowers
cluster-1 [11]; fruits cluster-1 [12]; fruit set [10];
early yield [13, 14]; total yield plant-1 [14, 15, 16,
17]; average fruit weight and TSS% [10, 18].
The combining ability (CA) analysis is very
important method to know the information on gene
effects that may help breeders in stating an effective
breeding strategy. Mating design (Line × Tester)
that proposed by Kempthorne [19] has been far
used to evaluate general and specific combining
ability variances and their effects. In addition,
combining ability has a main importance in plant
breeding since it gives information on gene actions,
which helps in understanding the nature of
inheritance of traits. Thus, there is need for
producing high yield open tomato hybrids that can
grow well and set fruit under heat stress. Therefore,

ABSTRACT
Heat stress is one of the most important
abiotic factor limiting productivity of tomato in
Saudi Arabia. Therefore, the aim of this study was
to identify the best parental combinations having
high yield and quality under heat stress condition
through studying heterosis and combining ability
for some plant characters and fruit yield of tomato.
Twelve F1 hybrids were produced by crossing
between four heat tolerant lines (CLN2123,
CLN2400A, CLN2400B and CLN2498E) with
three cultivars as testers (Castle Rock, Peto86, and
Super strain B) using line × tester mating design.
During the summer season of 2019, crosses and
their parents were evaluated in a field experiment in
randomized complete block design with three
replications. Significant variation among the
genotypes was noticed for all traits except
chlorophyll content and this indicating sufficient
variability existed among the genotypes. Both
positive and negative heterotic values were
detected, indicating the potential of hybrid
combinations for traits improvement in breeding
programs. Combining ability analysis indicated that
both additive and non-additive actions were
important for the inheritance of most studied traits.
Generally, results indicated that hybrid vigor
exploitation could be harnessed to produce high
yielding and heat tolerant tomato hybrid under heat
stress condition.

KEYWORDS:
Yield attributes, tomato, GCA, SCA, hybrid vigor, heat
stress

INTRODUCTON
Tomato (Solanum lycopersicum L.) is one of
the most valuable vegetable crops worldwide. It
plays an important role in human diet as major
contributor of minerals and antioxidants [1, 2]. In
Saudi Arabia, tomato is grown in an area of 13,428
hectare with production of 312,343 ton in 2018.
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an investigation was conducted to identify the best
parental combinations having high yield and quality
under Al-Ahsa conditions through studying
heterosis, combining ability for some plant growth
parameters and fruit yield.

parent by using formula suggested by Falconer and
Mackay [23].

RESULTS AND DISCUSSION
Test of significance. Analysis of variance due
to genotypes and its components (parents, crosses
and parents vs crosses) were significant or highly
significant for all studied traits except chlorophyll
content (Table 2&3). Results showing wide
diversity among the parental genotypes used in this
investigation. It also, revealed that the variance due
to Lines was significant or highly significant for all
the studied 10 traits except chlorophyll content, it
was insignificant. The variance due to Testers was
significant or highly significant for six traits out of
the studied ten traits. Line × Tester interaction was
significant or highly significant for all the studied
10 traits except branches plant-1 and chlorophyll
content they were insignificant. This indicated that
there were existed significant differences among
lines, testers and hybrids. These results are in
corroboration with the findings of Shalaby [8];
Kumar and Pal [12]; Bhalala and Acharya [17]; AlDaej [18] and Saeed et al. [24].

MATERIALS AND METHODS
The present study was conducted during the
summer season of 2018 and 2019 at Arid Land
Agriculture Department and the Research &
Training Station, King Faisal University, Saudi
Arabia. The region is situated at 25ƕ26’78.3”N and
49ƕ70’72.9” E.
The experimental materials. The genotypes
used in this study were four heat tolerant lines of
tomato i.e: CLN 2123 (L1), CLN 2400A (L2), CLN
2400B (L3), and CLN 2498E (L4); three cultivars as
testers; viz., Castle Rock (T1), Peto 86 (T2), and
Super strain B (T3); and 12 hybrids that produced
by crossing among genotypes using line × tester
mating design. Crosses were made manually using
the standard procedure of hand emasculation and
pollination.
Evaluation of parents and their crosses. F1,s
and their parents were evaluated under summer
season of Al-Ahsa oasis which known as high temperature in the summer (Table 1). The experiment
was laid out in a randomized complete block design
(RCBD) with three replications. Routine cultural
practices, similar to those used in tomato commercial production, were done as needed. Each genotype was grown in two rows of 3.15 m length.
Plants were planted at 1m row to row and 40 cm
plant to plant. Seeds of the 12 hybrids and their 7
parents were sown in seedling trays under greenhouse conditions, and after 45-55 days, [20], transplants were transferred to the field.

The performance of parents and their F1
hybrids. Data presented in tables (4) showed that
there were significant differences among the
parental genotypes with respect to different
characters. For lines, line CLN2400A had the
highest fruit set percentage and average fruit
weight. While CLN2400B had the highest TSS
content and CLN2498E for plant height, branches
plant-1, chlorophyll content, flowers cluster-1, fruits
cluster-1, fruit set percentage, early yield plant-1 and
total yield plant-1. Concerning testers, Castle Rock
cultivar gave the highest values of plant height,
branches plant-1, fruit set percentage, early yield
plant-1, total yield plant-1, average fruit weight and
TSS. While Super Strain B had the highest values
of branches plant-1, chlorophyll content, flowers
cluster-1 and fruits cluster-1. Regarding crosses, the
cross CLN2123 × Castle Rock had the highest
values of branches plant-1 and total yield plant-1.
While the cross CLN2123 × Peto86 had the highest
value of early yield plant-1. In addition, the cross
CLN2400A × Castle Rock had the highest value in
plant height, chlorophyll content. The highest
values of fruit set percentage were recorded for
CLN2400A × Super Strain B and CLN2498E
×Peto86. The cross CLN2400B × Castle Rock had
the highest value of TSS. Finally, the cross
CLN2498E × Super Strain B had the highest value
in average fruit weight. The constant fruit set of the
heat tolerant lines has generally been related to a
high ability to release vital pollen under critical
temperatures [25].

Data recorded. The following traits were
recorded for all genotypes; viz., plant height (cm),
branches plant-1, Chlorophyll content (Chlorophyll
meter, SPAD-502 plus, Monica Minolta), flowers
cluster-1, fruits cluster-1, fruit set percentage, early
yield (g), total yield (kg/plant), average fruit weight
(g) and TSS content (Brix).
Statistical analyses. All collected data were
subjected to analysis of variance at 5% levels of
significance. The difference between means was
separated by LSD test according to Steel et al. [21].
Data were analyzed by line × tester analysis for
estimating the combining ability effects, component
of genetic variance as suggested by Kempthorne
[19] and Singh and Chaudhary [22]. Heterosis over
the mid parents (MP) and better parent (BP) was
estimated after calculating heterosis of respective
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TABLE 1
Average temperature and Humidity of the experimental site during 2019 growing season
Month

Temperature (ºC)
Humidity (%)
Max
Min
mean
Max
Min
30.10
5.77
17.59
93.50
10.12
February
38.58
7.92
20.61
90.00
9.03
March
40.07
14.06
25.82
87.20
5.06
April
46.34
19.24
33.03
67.44
5.26
May
48.62
24.05
37.32
66.63
4.34
June
48.26
26.33
37.14
84.10
3.89
July
Source: weather station at the Research and Training station, King Faisal University.

AV
48.66
39.77
36.83
22.14
15.94
18.88

TABLE 2
Analysis of variance for vegetative and flowering traits in tomato under line ×
testers method during summer of 2019
Source of
Df
Vegetative traits
variance
PH (cm)
BP-1
CHl (SPAD unit)
2
7.737
0.860
6.877
Replications
18
67.965**
1.873**
19.205
Genotypes
6
55.937*
2.937**
25.223
Parents
11
79.583**
1.462**
14.027
Crosses
1
12.333
0.017
40.068
Par. vs. crosses
3
85.509**
2.324**
12.734
Lines
2
6.333
0.750*
14.448
Testers
**
1.269
14.533
6
101.037
Lines x testers
36
18.681
0.508
18.095
Residual
56
Total
* and **: Significant at 5% and 1% level of probability, respectively.
PH: Plant height (cm), BP-1: Branches plant-1, CHl: Chlorophyll content (SPAD
cluster-1 and FrS %: Fruit set percentage.

FlC-1
0.123
3.119**
2.159**
3.182**
8.188**
1.296*
4.750**
3.602**
0.438

Flowering traits
FrC-1
FrS (%)
0.018
4.998
1.404**
266.905**
1.873**
171.893**
1.240**
250.539**
0.386
1016.996**
2.398**
173.171**
0.528
156.679*
*
0.898
320.510**
0.295
31.298

unit), FlC-1: Flowers cluster-1, FrC-1: Fruits

TABLE 3
Analysis of variance for yield and fruit quality in tomato under line × testers
method during summer of 2019.
Source of variance
Replications
genotypes
Parents
Crosses
Parents vs. crosses
Lines
Testers
Lines x testers
Residual
Total

Df
2
18
6
11
1
3
2
6
36
56

Yield traits
EYP-1 (g)
283.866
150327.789**
163701.848**
141861.757**
163209.791**
101538.655**
138168.020**
163254.554**
194.043

TYP-1 (kg)
0.010
3.490**
3.858**
3.432**
1.913**
4.260**
3.103**
3.128**
0.008

Fruit quality traits
AFW (g)
TSS (%)
2.965
0.059
797.298**
2.326**
1876.667**
3.482**
277.341**
1.853**
40.618**
0.589
224.250**
1.111*
204.250**
0.843
328.250**
2.560**
1.020
0.285

*and **:

Significant at 5% and 1% level of probability, respectively.
EYP-1: Early yield plant-1 (g), TYP-1: Total yield plant-1 (kg), AFW: Average fruit weight (g) and TSS = Total soluble solids

Estimation of heterosis. The degree of heterosis is measured as superiority of F1 over mid parents (relative heterosis) and better parent (heterobeltiosis). Heterobeltiosis helps in identification
of promising the cross combinations in conventional crop improvement program. Data in Table (5&6)
show the estimated heterosis over mid parents and
over better parent for all studied traits.
With respect to plant height, only three out of
12 crosses were significant or highly significant
positive heterosis over mid parents and heterosis
varied from 10.14 to 14.51% for the crosses
CLN2400A × Castle Rock and CLN2400B × Super
Strain B, respectively, suggesting degrees of domi-

nance toward the high parent. On the other hand,
the remaining crosses showed no dominance, since
they exhibited insignificant or negative values of
heterosis. Similar to relative heterosis, only three
crosses were highly significant positive heterobeltoisis over better parent indicating over dominance
for the taller parent and the heterobeltoisis varied
from 7.32 to 13.03 % for the crosses CLN2123×
Super Strain B and CLN2400B × Super Strain B,
respectively. These results are in consonance with
the findings of Ramana et al. [9] and Salim et al.
[10]; Islam et al. [11]; Kumar and Pal [12] and
Chaudhari [26].
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TABLE 4
Mean performance of parents and hybrids for various traits in tomato during summer of 2019.
Genotypes

CLN2123 (L1)
CLN2400A(L2)
CLN2400B(L3)
CLN2498E(L4)
CastleRock (T1)
Peto86 (T2)
S. Strain B(T3)
L1×T1
L1×T2
L1×T3
L2×T1
L2×T2
L2×T3
L3×T1
L3×T2
L3×T3
L4×T1
L4×T2
L4×T3
LSD 5%
LSD 1%

Vegetative traits
PH
BP-1
CHl
(cm)
(SPAD)
68.3
4.33
39.0
71.7
4.33
36.7
64.0
4.33
41.9
72.7
6.00
43.4
73.0
6.33
39.3
66.0
6.00
41.2
62.3
6.33
45.3
73.3
6.33
40.3
69.7
5.67
41.6
73.3
6.00
42.7
79.7
5.67
46.3
71.3
4.67
43.3
63.3
4.33
42.8
62.3
4.33
40.0
69.0
5.67
43.3
72.3
5.33
46.3
63.6
6.33
41.8
68.3
5.67
40.0
64.6
5.00
44.2
7.2
1.18
7.05
9.6
1.59
9.49

Flowering traits
FlC-1
FrC-1
FrS
(%)
6.00
3.33
55.71
7.00
5.33
76.59
6.00
4.00
66.67
7.00
5.00
71.43
5.67
3.67
64.44
5.33
3.33
62.22
7.67
4.33
56.55
6.00
3.33
55.71
7.67
3.67
47.62
6.67
3.33
50.00
8.33
5.33
63.89
8.67
4.67
53.70
6.00
4.00
66.03
8.33
3.00
36.11
6.67
4.33
65.87
6.67
4.00
60.32
8.33
4.33
51.85
6.00
4.00
66.67
6.67
3.67
54.76
1.10
0.90
9.28
1.48
1.21
12.47

Yield traits
EYP (g)
TYP
(kg)
39.96
1.443
18.03
1.438
175.46
1.537
602.10
3.583
501.80
4.000
269.16
1.807
57.00
1.290
401.00
4.550
750.03
2.423
284.03
3.397
684.36
4.230
144.96
1.947
37.73
1.400
91.03
1.533
302.33
3.000
324.63
2.563
464.60
2.150
445.90
1.283
252.30
1.963
23.10
0.148
31.06
0.199

Fruit quality traits
AFW TSS (%)
(g)
45.7
7.97
57.0
5.60
44.0
8.13
49.0
6.13
111.0
6.33
74.0
5.73
86.0
5.73
56.0
6.27
53.0
6.27
69.0
5.93
73.0
6.07
59.0
6.13
55.0
5.60
54.0
8.20
76.0
5.53
73.0
6.53
60.0
5.67
72.0
7.47
79.0
6.03
1.67
0.89
2.25
1.19

PH: Plant height (cm), BP-1: Branches plant-1, CHl: Chlorophyll content (SPAD unit), FlC-1: Flowers cluster-1, FrC-1: Fruits
cluster and FrS %: Fruit set percentage. EYP-1: Early yield plant-1 (g), TYP-1: Total yield plant-1 (kg), AFW: Average fruit
weight (g) and TSS: Total soluble solids.

over dominance for the much flower cluster-1 in
parent and the heterobeltoisis varied from 11.11 –
38.89 % for the crosses CLN2400B × Peto86 and
CLN2400B × Castle Rock, respectively. Patwary et
al. [7]; Hamisu et al. [27]; Gul et al. [29] and Enang
et al. [30] reported similar results.
Total number of fruits per cluster is important
for the improvement of fruit yield. The cross
CLN2400A × Castle Rock showed significant positive heterosis (18.52%) over mid parents and the
remaining crosses showed insignificant or negative
heterosis (Table 5). Kumar and Pal [12] found positive and negative heterosis over mid and better
parents for this trait. Our results indicated that none
of crosses showed significant positive heterosisi
over better parent.
Considering fruit set percentage, none of the
crosses exhibited significant positive heterosis.
While 5 and 10 crosses showed significant negative
heterosis over mid and better parent, respectively.
Heterosis over mid parents varied between -44.92%
(CLN2400B × Castle Rock) to 2.22% (CLN2400B
× Peto86). For heterosis over better parent (heterobeltoisis), 10 out of 12 crosses showed significant or highly significant negative heterosis and it
varied from (-9.52 – -45.83%) for the crosses
CLN2400B × Super Strain B and CLN2400B ×
Castle Rock, respectively (Table 5). Patwary et al.
[7]; Shalaby [8]; Salim et al. [10] and Hamisu et al.
[27] observed similar results.
For early yield, data presented in table (6) illustrated that five out of 12 crosses were highly
significant positive heterosis over mid and better
parents. Heterosis over mid parents varied from
35.99 to 485.84% for the crosses CLN2400B ×

In the case of number of Branches per plant it
is evident that only two crosses showed significant
or highly significant positive heterosis over mid
parents and heterosis varied from 2.68 to 18.76%
for the crosses CLN2498E × Castle Rock and
CLN2123 × Castle Rock, respectively, suggesting
degrees of dominance toward the much branches.
On the other hand, the remaining crosses (10 ones)
showed no dominance, since they exhibited insignificant values of heterosis. While, none of the
crosses showed significant positive heterosis over
better parent. These results are in conformity with
the findings of Shalaby [8]; Ramana et al. [9]; Kumar and Pal [12] and Hamisu et al. [27].
Concerning chlorophyll content (SPAD), only
one cross (CLN2400A × Castle Rock) out of 12
crosses were highly significant positive heterosis
(21.82%) over mid parents and other 11 crosses
showed insignificant values. One cross showed
significant positive heterobeltoisis over better parent and eleven crosses showed insignificant heterosis. These results are in accordance with the findings of Chaudhari [26] and Hamisu et al. [27].
For flower cluster-1, seven crosses showed
highly significant positive heterosis over mid parents and the extent of heterosis varied from 2.86 to
42.86% for the crosses CLN2123 × Castle Rock
and CLN2400B × Castle Rock, respectively, suggesting degrees of dominance toward the high parent. In contrary, the remaining crosses have negative values of heterosis (Table 4). These results are
in agreement with the findings of Islam et al. [11];
Singh and Asati [28] and Gul et al. [29]. While,
only 7 out of 12 crosses were highly significant
positive heterobeltoisis over better parent indicating
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Peto86 and CLN2123× Super Strain B, respectively. The range of heterobeltoisis varied from 12.32
to 398.3% for the crosses CLN2400B × Peto86 and
CLN2123× Super Strain B, respectively. The remaining crosses (7 ones) showed negative values of
heterosis (Table 6). These results are in accordance
with the findings of Shalaby [8]; Mondal et al. [13]
and Bhatt et al. [15].
High total yield plantí1 is one of the greatest
significant breeding aims in any crop improvement
program. Regarding Total yield plant-1, most of the
crosses showed dominance towards the high total
yield, since they revealed significant positive heterosis values over mid parents (Table 6) and heterosis
varied from 19.98 – 148.54% for the crosses
CLN2400A × Peto86 and CLN2123 × Super Strain
B, respectively. On the other hand, other crosses (5
ones) showed no dominance, since they exhibited
insignificant values of heterosis. Seven crosses
were highly significant positive heterobeltoisis over
better parent indicating over dominance for the high
total yield-1 and the magnitude of better parent
heterosis was between 5.75 and 135.34% for the
crosses CLN2400A×Peto86 and CLN2123× Super
Strain B, respectively. Similar results were obtained
by Shalaby [8]; Saeed et al. [24]; Ramana et al. [9]
and Bhalala and Acharya [17].

Average fruit weight directly contributes towards total yield and has a main role in acceptance
of crop by the consumer. For average fruit weight,
five crosses showed significant positive heterosis
and seven crosses showed significant negative heterosis over mid parents (Table 6). While, only one
cross out of 12 were highly significant positive
(2.70 %) heterobeltoisis over better parent for cross
CLN2400B × Peto86. The extent of heterobeltiosis
varied between -2.7 (CLN2498E × Peto86) to 51.35 (CLN2400B × Castle Rock). Generally, no
hybrid vigor was detected for average fruit weight
in the tested hybrids. Similar results were obtained
by Shalaby [8]; Ramana et al. [9] and Hamisu et al.
[27].
In respect to total soluble solids percentage,
only two crosses were highly significant positive
heterosis over mid parents and heterosis varied
from 13.36 to 25.84% for the crosses CLN2400B ×
Castle Rock and CLN2498E × Peto86, respectively.
On the other hand, the remaining crosses showed
no dominance, since they exhibited insignificant or
negative values of heterosis. One cross CLN2498E
× Peto86 (21.74%) showed significant positive
heterosis and 11 crosses showed significant negative heterobeltoisis over better parent (Table 6).
Almost similar results have been reported by Shalaby [8]; Salim et al. [10] and Al-Daej [18].

TABLE 5
Heterosis percentage over mid (MP) and better (BP) for tomato vegetative and flowering traits in F1s
hybrids in the summer of 2019.
Traits
Crossesa

PH (cm)
MP
BP

Vegetative traits
BP-1
MP
BP

CHl (SPAD unit)
MP
BP

L1×T1

3.77

0.45

18.76*

0.00

2.97

L1×T2

3.73

1.96

9.78

-5.50

3.78

**

L1×T3

12.25

L2×T1

10.14*

7.32

*

9.14**

L3×T3

14.51

L4×T1

-12.58**

13.02

**

-12.78**

- 2.44

**

-13.04

- 13.04

-23.08

31.58**

19.05**

18.52*

0.00

**

**

- 4.76

- 9.09

-7.27

-13.55**

10.00

10.00

-19.25**

-23.47**

-10.92

-11.58*

-9.40

-16.58**

-22.62

-29.88**

-0.80

-13.78**

5.09

40.54

23.81

18.76*

-31.60**

4.39

-5.52

-18.18**

-21.74**

- 17.24*

-25.00**

*

**

- 1.55

-4.60

**

42.86

**

- 21.74

*

**

4.21

3.34

17.65**

11.11**

6.19

2.21

- 2.44

**

**

1.12

-3.62

31.58**

19.05**

**

**

9.78

-31.60

- 5.50

0.00

- 15.80

2.68**

0.00

**

*

38.89

-13.04

- 12.50

*

11.16

-18.76

7.69

**

-22.17

**

4.55

27.78**

**

17.80**

-11.64**

**

35.29**

21.82**

-5.48

6.15

0.97

-10.43

L2×T3

L3×T2

0.00

6.38
-9.58

-14.62

2.86**

-5.87

-0.47

- 9.01

2.54

1.20

3.62

L3×T1

BP

-5.21

L2×T2

**

FrS (%)
MP
BP

MP

12.57

**

Flowering traits
FrC-1
MP
BP

FlC-1

-45.83**

-44.92

18.18

8.33

2.22

- 1.19

- 4.00

- 7.69

-2.09

-9.52*

0.00

- 13.33*

-23.68**

-27.41**

- 4.00

**

-1.45

-5.97

-5.50

-5.47

-7.83

- 2.70

-14.29

L4×T3

-4.19

-11.01**

-18.90*

-21.01**

- 0.44

-2.56

- 9.09**

-13.04**

-21.43**

-26.67**

LSD 5%

6.21

5.07

1.02

0.84

6.11

4.99

0.95

0.78

0.78

1.28

1.04

1.05

LSD 1%
8.35
6.81
1.38
1.12
8.21
6.71
(a)CLN2123(L ), CLN2400A (L ), CLN2400B (L ) CLN2498E (L ),
1
2
3
4
* and **: Significant at 5% and 1% level of probability, respectively.

**

-25.00

L4×T2

-5.50

**

-20.00

-0.24

- 6.67

-14.42*

-23.33**

0.64

8.03

6.56

0.86

10.80

8.82

Castle Rock (T1), Peto86 (T2), Suber strain B (T3).

PH: Plant height (cm), BP-1: Branches plant-1, CHl: Chlorophyll content (SPAD unit), FlC-1: Flowers cluster-1, FrC-1: Fruits
cluster-1 and FrS %: Fruit set percentage.
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TABLE 6
Heterosis percentage over mid (MP) and better (BP) for tomato yield and fruit quality traits in F1s
hybrids in the summer of 2019.
Traits
crossesa
L1×T1
L1×T2
L1×T3
L2×T1
L2×T2
L2×T3
L3×T1
L3×T2
L3×T3
L4×T1
L4×T2
L4×T3
LSD 5%
LSD 1%

Yield traits
EYP-1 (g)
TYP-1 (kg)
MP
BP
MP
BP
48.03**
-20.09**
67.18**
13.75**
385.25**
178.65**
49.13**
34.13**
485.84**
398.30**
148.54**
135.34**
163.30**
36.38**
55.56**
5.75**
0.95
-46.14**
19.98**
7.75**
*
0.58
-33.80
2.63
-2.66
-73.12**
-81.86**
-44.61**
- 61.67**
35.99**
12.32**
79.46**
66.05**
179.29**
85.01**
81.37**
66.81**
**
**
**
-15.83
-22.84
-43.30
-46.25**
2.36
-25.94**
-52.38**
-64.19**
**
**
**
-23.44
-58.10
-19.43
-45.21**
20.01
16.33
0.13
0.11
26.90
21.96
0.17
0.14

Fruit quality traits
AFW (g)
TSS (%)
MP
BP
MP
BP
-28.51**
-49.55**
-12.35*
-21.34**
-11.42**
-28.38**
- 8.52
-21.34**
4.81**
-19.77**
-13.38*
-25.52**
**
**
-13.10
-34.23
1.68
- 4.21
-9.92**
-20.27**
8.24
6.98
-23.08**
-36.05**
-1.18
- 2.33
-30.32**
-51.35**
13.36*
0.82
28.81**
2.70**
-20.19**
-31.97**
12.31**
-15.12**
-5.77
-19.67**
**
**
-25.00
-45.95
- 9.09
-10.53*
17.07**
-2.70**
25.84**
21.74**
**
**
17.04
- 8.14
1.69
-1.63
1.45
1.18
0.77
0.63
1.95
1.59
1.03
0.84

(a)
CLN2123(L1), CLN2400A (L2), CLN2400B (L3) CLN2498E (L4), Castle Rock (T1), Peto86 (T2), Suber strain B (T3).
* and **: Significant at 5% and 1% level of probability, respectively.
EYP-1: Early yield plant-1 (g), TYP-1: Total yield plant-1 (kg), AFW: Average fruit weight (g) and TSS = Total soluble solids (meL-1).

ability value (V2gca) of the character chlorophyll
content was estimated with negative values.
The ratio between GCA/SCA was less than
unity in all studied traits except branches plant-1,
chlorophyll content, fruits cluster-1 and total yield
plant-1 indicating that the none-additive portion
were more important than additive one in inheritance of such traits. These results confirmed by
Savale and Patel [32]; Bhalala and Acharya [17].
The previous results regarding the combining ability effects recommended that both additive and
non-additive gene effects were significant in monitoring the expression of all studied traits.
From the estimation of combining abilities, the
results in Table 8 and 9 showed that the best
combiners, which had the highest positive values of
GCA effects was the parental line CLN2123 in
plant height, branches plant-1, early and total yield
plant-1; CLN2400A in chlorophyll content, flowers
cluster-1, fruits cluster-1 and fruit set percentage;
CLN2400B in TSS: and CLN2498E in average fruit
weight. Moreover, the best combiner tester was
Castle Rock in plant height, branches plant-1, flower
cluster-1, early yield plant-1, total yield plant-1 and
TSS; Peto86 in early yield plant-1and fruit set
percentage; Super Strain B in average fruit weight.
Such results are in a harmony with the findings of
Kumar and Pal [12]; Al-Daej [18] and Metwally et
al. [33].
Data in Table (10) showed that the best hybrid
combinations that reflected the highest positive
values of SCA effects, were found to be the cross
CLN2400A × Castle Rock for plant height,
branches plant-1, chlorophyll content, fruits cluster1
, early and total yield plant-1 and average fruit
weight; CLN2400A × Peto86 for flower cluster-1;
CLN2400B × Castle Rock for TSS and CLN2400B
× Peto86 for branches plant-1 and fruit set (Table

Estimates of general and specific combining
abilities. The general combining ability effects
represent the additive nature of gene action. A high
general combiner genotype is considered by its
better breeding value when crossed with a number
of other genotypes. The analysis of variance of
combing ability effects on the various studied characters parents and their F1 hybrid combinations are
presented in Table 7. Estimated general combining
V2gca) presented in Table 7
ability variances (V
showed higher values than those of specific combining ability variances (V2sca) concerning branches plant-1, chlorophyll content, fruits cluster-1 and
total yield plant-1, indicated that these characters
were controlled by additive gene action. Therefore,
these traits could be improved by selection during
late generations. The result is in collaboration with
the findings of Kumar and Pal [12] for plant height
and branches plant-1 fruits cluster-1 total yield plant1
, average fruit weight. On the other hand, Solieman
[31] demonstrated that non-additive gene effects
seemed to have, rather, more significant role in the
basic genetic mechanism that governing the inheritance of plant height, number of branches and
number of flowers per cluster.
Specific combining ability is the manifestation
of non-additive component of genetic variance. The
specific combining ability variances (V2sca), for
plant height, flowers cluster-1, fruit set percentage,
early yield plant-1, average fruit weight and TSS
were noticed to have higher estimated values than
those of V2gca. These results appeared to suggest
that the non-additive gene effects played more
important roles than additive gene effects on the
inheritance of these traits and could well be improved by resorting to hybridization program.
However, it was noticed that the general combining
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10). This indicated that the parents of this particular
cross could combine well to give a hybrid with a
good general performance. This result agreed with
Metwally et al. [33] and Al-Daej [18]. Also, Elgabry et al. [34] found that additive and nonadditive gene effects were involved in the
inheritance of number of branches and total yield;
but, non-additive gene effects played a great role on
the inheritance of these characters.

The contribution of line × tester contributed
higher values than both lines and testers for all the
studied traits except fruits cluster-1 indicated the
importance of the interaction between lines and
testers. However, lines was higher than both tester
and lines × testers only on fruits cluster-1 (Table
11). The result is in corroboration with the findings
of Al-Daej [18] and Metwally et al. [33].

TABLE 7
Estimates of various components of the total variance for studied characters of the parents and their
crosses of tomato in a line x testers cross, during summer of 2019.
Vegetative
BP-1

CHl

0.310

27.452
0.565

PH
(cm)
15.512

V2 GCA
V2 SCA
GCA/ SCA

(SPAD unit)
- 1.390

Flowering traits
FrC-1
FrS
(%)
0.932
0.322
62.836

45016.398

1.159

84.475

0.417

0.254

- 1.187

1.055

0.201

96.404

54353.504

1.040

109.077

0.758

1.221

1.171

0.883

1.602

0.652

0.828

1.114

0.775

0.550

FlC-1

EYP-1 (g)

Yield
TYP-1 (kg)

Fruit quality traits
AFW (g)
TSS (%)

ı2 gca = General combining aELOLW\YDULDQFHı2 VFD 6SHFLILFFRPELQLQJDELOLW\YDULDQFHı2 JFDı2 sca = Variance ratios,
PH: Plant height (cm), BP-1: Branches plant-1, CHl: Chlorophyll content (SPAD unit), FlC-1: Flowers cluster-1, FrC-1: Fruits
cluster-1 and FrS %: Fruit set percentage. EYP-1: Early yield plant-1 (g), TYP-1: Total yield plant-1 (kg), AFW: Average fruit
weight (g) and TSS = Total soluble solids

TABLE 8
Estimates of gca effects for the lines and testers during summer of 2019.
GCA
PH (cm)

Vegetative
BP -1

CHl

Flowering traits
FlC -1
FrC -1

FrS
(%)

(SPAD unit)
Lines
CLN2123
CLN2400A
CLN2400B
CLN2498E
Lines G.C.A
Difference between lines GCA
Testers
Castle Rock
Peto86
Super Strain B
Testers G.C.A
Difference between testers GCA

2.8611
2.1944
- 1.3611
- 3.6944
1.4407
2.0375

0.5833
- 0.5278
- 0.3056
0.2500
0.2375
0.3359

- 1.1889
1.4333
0.4889
- 0.7333
1.4179
2.0053

- 0.3889
0.5000
0.0556
- 0.1667
0.2205
0.3118

- 0.5278
0.6944
- 0.1944
0.0278
0.1811
0.2562

- 4.9339
5.1631
- 1.9444
1.7152
1.8648
2.6373

0.5000
0.3333
- 0.8333
1.2477
1.7645

0.2500
0.0000
- 0.2500
0.2057
0.2909

- 0.6083
- 0.6583
1.2667
1.2280
1.7366

0.5833
0.0833
- 0.6667
0.1910
0.2701

0.0278
0.1944
- 0.2222
0.1569
0.2219

- 4.1534
2.4206
1.7328
1.6150
2.2839

PH: Plant height (cm), BP-1: Branches plant-1, CHl: Chlorophyll content (SPAD unit), FlC-1: Flowers cluster-1, FrC-1: Fruits
cluster-1 and FrS %: Fruit set percentage.

TABLE 9
Estimates gca effects for the lines and testers for Yield and fruit quality traits during summer of 2019.
GCA

Yield
EYP-1 (g)
TYP-1 (kg)

Fruit quality traits
TSS (%)
AFW (g)

Lines
129.7778
0.9200
- 5.5833
- 0.1528
CLN2123
- 59.5556
- 0.0111
- 2.5833
- 0.3750
CLN2400A
- 109.2444
- 0.1711
2.7500
0.4472
CLN2400B
39.0222
- 0.7378
5.4167
0.0806
CLN2498E
4.6433
0.0305
0.3367
0.1780
Lines G.C.A
6.5666
0.0432
0.4762
0.2518
Difference between lines G.C.A
Testers
61.6722
0.5792
- 4.1667
0.2417
Castle Rock
62.2306
- 0.3733
0.0833
0.0417
Peto86
- 123.9028
- 0.2058
4.0833
- 0.2833
Super Strain B
4.0212
0.0265
0.2916
0.1542
Testers G.C.A
5.6869
0.0374
0.4124
0.2180
Difference between testers G.C.A
EYP-1: Early yield plant-1 (g), TYP-1: Total yield plant-1 (kg), AFW: Average fruit weight (g) and TSS = Total soluble solids
(Brix).
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TABLE 10
Estimates of specific combining ability (sca) effects on the various studied characters for the individual
cross combinations during summer of 2019.
Crosses

Vegetative
BP-1
CHl (SPAD
unit)
0.083
-0.6028

Flowering traits
FrC-1
FrS (%)

FlC-1

Yield
EYP-1 (g)
TYP-1
(kg)
-139.028
0.5142

Fruit quality traits
AFW (g)
TSS (%)

L1×T1

PH
(cm)
0.722

-1.3611

-0.1389

8.7566

L1×T2

-2.777

-0.333

0.7472

0.8056

0.0278

-5.9127

209.472

-0.6600

- 6.4167

0.069

L1×T3

2.055

0.250

-0.1444

0.5556

0.1111

-2.8439

70.419

0.1458

5.5833

0.061
- 0.108

0.8333

- 0.131

L2×T1

7.722

0.528

2.7750

0.0833

0.6389

6.8342

333.672

1.1253

14.8333

L2×T2

-0.444

-0.222

-0.1750

0.9167

-0.1944

-9.925

-206.286

-0.2056

- 3.4167

0.158

L2×T3

-7.278

-0.306

-2.6000

-1.0000

-0.4444

3.0908

-127.386

-0.9197

-11.4167

- 0.050

L3×T1

-6.056

-1.028

-2.6139

0.5278

-0.8056

-13.836

-209.97

-1.4114

- 9.5000

1.203

L3×T2

0.778

0.556

0.7694

-0.6389

0.3611

9.3519

0.769

1.0078

8.2500

- 1.264

L3×T3

5.278

0.472

1.8444

0.1111

0.4444

4.4841

209.208

0.4036

1.2500

0.061

L4×T1

-2.389

0.416

0.4417

0.7500

0.3056

-1.7549

15.328

-0.2281

- 6.1667

- 0.964

L4×T2

2.444

0.000

-1.3417

-1.0833

-0.1944

6.4859

-3.936

-0.1422

1.5833

1.036

L4×T3

-0.056

-0.417

0.9000

0.3333

-0.1111

- 4.7310

-11.392

0.3703

4.5833

- 0.072

Crosses
SCA
Difference
between
crosses
SCA

2.495

0.414

2.4560

0.3819

0.3138

3.2300

8.044

0.0529

0.5832

0.308

3.529

0.582

3.4732

0.5401

0.4437

4.5679

11.374

0.0748

0.8248

0.436

PH: Plant height (cm), BP-1: Branches plant-1, CHl: Chlorophyll content (SPAD unit), FlC-1: Flowers cluster-1, FrC-1: Fruits
cluster-1 and FrS %: Fruit set percentage. EYP-1: Early yield plant-1 (g), TYP-1: Total yield plant-1 (kg), AFW: Average fruit
weight (g) and TSS = Total soluble solids.

TABLE 11
Proportional contribution by lines, testers and line x tester interaction to the total variance.
Characters
Plant height (cm)
Branches Plant-1
Chlorophyll (SPAD unit)
Flowers Cluster-1
Fruit Cluster-1
Fruit set (%)
Early yield (g)
Total yield (kg)
Average fruit weight (g)
Total soluble solids (%)

Lines

Tester

Line x Testers

29.30 %
43.35 %
24.76 %
11.11 %
52.75 %
18.85 %
19.52 %
33.85 %
22.05 %
16.36 %

1.45 %
9.33 %
18.73 %
27.14 %
7.74 %
11.37 %
17.71 %
16.44 %
13.39 %
8.27 %

69.25 %
47.32 %
56.51 %
61.75 %
39.51 %
69.78 %
62.77 %
49.71 %
64.56 %
75.37 %

role for the improvement of some plant and fruit
characteristics traits in tomato crop

CONCLUSION
It could be concluded that heterosis by hybridization between line and testers would help to develop hybrids with high yield potential. From the
results of mean performance, the crosses
CLN2400A × super strain B and CLN2498E × Peto
86 recorded the best fruit set percentage. Furthermore, the best hybrid combination was found to be
of CLN2123 × super strain B for early and total
yield, since it has high significant positive heterosis
over mid parents and over better parent. Combining
ability analysis indicated that both additive and
non-additive actions were important for the inheritance of the studied traits. This proposed the significance of heterosis breeding for effective use of
non-additive genetic variances, which had main
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ABSTRACT

INTRODUCTION

Aiming at the problem that the existing noise
suppression methods are not suitable for marine
electromagnetic environment monitoring, a noise
suppression method based on adaptive least mean
square (LMS) algorithm is proposed to suppress the
noises of ocean wave induced magnetic field in marine electromagnetic environment monitoring. First,
a general model of ocean wave induced magnetic
field and a model under the condition of infinite water depth are constructed to analyze the ocean wave
induced magnetic field. Then, the transmitting and
receiving signals in the process of marine controlledsource electromagnetic exploration are further analyzed to identify the noise in the whole process. Finally, the LMS adaptive filtering algorithm is used
to estimate and suppress the noise of ocean wave induced magnetic field. In order to verify the effectiveness of the proposed method, an experimental platform is built to test and analyze the method. The results show that the proposed method can filter out
most of the noise in ocean wave induced magnetic
field and geomagnetic field, and greatly improve the
time domain waveform. Compared with other methods, the proposed method has the advantages of simple calculation, strong real-time performance and
good noise suppression effect, which can improve
the monitoring ability of marine electromagnetic environment.

China, rich in marine resources, is a maritime
power with 370 thousand square kilometers of territorial sea and nearly 3 million square kilometers of
sea area under its jurisdiction. With the decrease of
land-based energy resources, the focus of world oil
and gas exploration has gradually shifted to the deep
sea. Therefore, the development of marine electromagnetic environment monitoring technology is particularly important and urgent in energy exploration
and military defense [1]. With the vigorous development of China's marine economy in recent years,
submarines, unmanned underwater vehicles of other
countries often invade, infiltrate, investigate and destroy in the coastal waters, which pose a serious
threat to territorial security of China [2] [3]. The
ocean magnetic exploration technology can detect,
locate and track the underwater target according to
the magnetic anomaly signal generated by the intrusion target [4].
For targets containing magnetic materials, because of their permanent magnetism and the magnetization of geomagnetic field, the local distortion of
geomagnetic field around the targets forms a quasistatic magnetic field, namely magnetic anomaly signatures (MAS) [5]. Compared with other non-acoustic detection methods, such as radar detection, laser
detection, infrared detection and so on, the passive
working mode of marine magnetic anomaly detection has the advantages of good concealment, high
reliability, fast propagation rate, small signal attenuation and strong anti-interference ability in shallow
sea area. As a reliable detection method in offshore
area, marine magnetic anomaly detection can provide security alert and defense guarantee for the important facilities in China's sea area [6]. Marine magnetometer is a main scientific instrument to realize
the high-precision measurement of marine geomagnetic field. It has been widely used in marine resources development, marine military exploration,
marine engineering survey and other fields [7]. In the
towed magnetic survey, the magnetometer is towed
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by a ship for moving measurement. This method is
more flexible and is not affected by the magnetic
field of the carrier, which is one of the main methods
of marine geomagnetic survey [8].
Researchers has pointed out that the seawater
movement such as ocean wave cut the geomagnetic
field, which will induce magnetic field and electric
field noise. Subsequently, some theoretical models
of ocean wave induced magnetic field are proposed.
The detection of ocean magnetic anomaly targets can
be realized by airborne platforms (manned and unmanned aerial vehicles) and underwater magnetic
field sensor networks [9]. Due to the different types
of sensors on detection platform, features of the detected signals will be very different. A large number
of experimental analyses show that the noise of seawater movement is very close to the magnetic anomaly signal of target in magnitude and frequency band.
Especially, when the aircraft carries out low altitude
magnetic exploration flight, ocean wave noise is one
of the main interference sources. In the traditional
underwater magnetic exploration such as towed
magnetometer and submarine base station, the exploration time usually can be chosen when the ocean
condition is good, and reduce the influence of magnetic field noise by post-processing the data. Therefore, there is little research on noise suppression in
underwater magnetic exploration [10]. However,
when carrying out special underwater magnetic exploration, such as marine engineering survey (shipwreck detection, aircraft wreckage detection, etc.)
and military detection (anti-submarine, UXO detection, etc.), it is required to detect the weak magnetic
anomaly of the target under extreme ocean condition, so the interference of magnetic noise is inevitable [11]. Especially in recent years, with the improvement of manufacturing technology and the use
of non-magnetic materials, the magnetic anomalies
of some underwater targets at the water surface are
getting smaller and smaller, which brings growing
problems. In addition, the above special detection
usually requires the magnetometer to have the ability
of real-time processing and correction of magnetic
data, so that the detection results can be preliminarily
determined in the field. At the same time, the complex interaction between the geomagnetic field and
the solar wind will produce low-frequency magnetic
noise, which is an important factor restricting the accuracy of target detection [12]. Therefore, it is necessary to realize real-time noise suppression of ocean
wave induced magnetic field in special marine magnetic detection.

source electromagnetic method (MCSEM). However, the MCSEM signal received in seawater will
be distorted by the influence of random noise, seawater disturbance noise and air wave, which directly
affects the qualitative display analysis and quantitative inversion interpretation effect of electromagnetic data [13]. Up to now, China has no complete
MCSEM data processing module, which limits the
data processing of marine CSEM electromagnetic
method. There are few literatures on the noise processing of marine electromagnetic signal. The main
denoising methods are traditional methods such as
wavelet, Hilbert Huang transform and bilateral filtering. Foreign countries has made great progress in the
study of MCSEM data processing methods [14].
Kalman filter is a kind of recursive unbiased
linear minimum variance estimation, which estimates the current signal value according to the previous estimation value and the current observation
value, so Kalman filter can be a potential effective
means to suppress the magnetic noise of ocean
waves [15]. As the previous adaptive filtering algorithm, the classical Kalman filter needs noise prior
information to reduce the dependence on noise. Reference [16] studied the whitening filtering method
based on autoregressive model, which effectively
suppressed the geomagnetic noise and improved the
detection rate. In reference [17], the electromagnetic
field values of the most common high-power radiation system in all types of ships were obtained by two
different methods for marine electromagnetic environment monitoring and simulation. The results
show that it is necessary to suppress the electromagnetic noise of ocean wave in order to obtain better
simulation results.
MCSEM data interpretation is usually carried
out in frequency domain, and each active frequency
component represents the response of the stratum to
the electromagnetic signal at that frequency [18].
The energy of different frequency components of the
electromagnetic signal emitted by the transmitter is
different, and the sensitivity of the stratum to different frequency signals is different, which leads to different energy of different active frequency component collected by the receiver. Generally speaking,
the lower frequency can detect the deeper strata
depth. After the MCSEM data are transformed into
frequency domain by Fourier transform, the amplitude of the active frequency signal and the offset
curve between the corresponding receiver and transmitter can reflect the change of seabed strata resistivity to a certain extent [19]. However, with the increase of offset, the source signal attenuates rapidly,
and the response of the strata to the transmitted signal decreases rapidly. When the offset reaches a certain distance, the energy ratio of the effective signal
in the receiver will be very low, and the noise will
seriously affect the quality of the data [20]. Some
studies have shown that the energy level of noise in
MCSEM data at far offset is 1-2 orders of magnitude

MATERIALS AND METHODS
Related Works. VSeawater has the advantage
of shielding space electromagnetic noise, which is
conducive to the application of marine controlled-
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higher than that of effective signal. In reference [21],
in order to distinguish sea ice from open sea, a sea
ice electromagnetic scattering model based on integral equation method (IEM) and electromagnetic
field method was proposed. This model studied polarization ratio characteristics and radiation transfer
(RT) model of sea ice and seawater by using L-band
and C-band radar, and numerical experiments were
carried out based on the model. Therefore, noise is
an important factor affecting the application of
MCSEM to offshore oil and gas exploration. Although the energy ratio of effective signal in MCSEM
data can be improved by increasing the intensity of
transmitting signal or reducing the speed of exploration ship, these methods will increase the exploration
cost and raise the performance requirements of instruments and equipment [22]. Researchers at home
and abroad believe that the study of noise suppression technology of MCSEM data is an effective
method to improve the accuracy of later inversion interpretation of MCSEM data and reduce exploration
costs [23].
Reference [24] designed a monitoring plan that
can detect past and impending critical points, and analyzed New Zealand's marine monitoring program.
The results showed that the ecological knowledge is
very important in the design and analysis of time series monitoring of critical points, and in increasing
the certainty of short-term or infrequent data to determine critical points. Reference [25] studied the
potential ecological impacts of submarine power cables (SPC) during installation, operation and decommissioning, and stratified these types of interactions
based on their ecological correlation and existing
scientific knowledge. This research identified major
knowledge gaps and demand research, and made recommendations to better monitor and mitigate the
most significant impacts. In reference [26], a new application of marine magnetotelluric technology was
proposed to attempt to depict the freshwater extension of the southeast coastal aquifer along the Mediterranean coast in central Israel. A novel marine ExBz time domain electromagnetic (TDEM) geophysical method was applied to prove its high sensitivity
to the resistance structures of several kilometers long
seabed. An adaptive coherent noise suppression
method was proposed to suppress the background
magnetic noise in ground magnetic survey, but a reference magnetometer was needed for real-time noise
measurement. The actual ocean wave is random distribution, which made the magnetic noise of ocean
wave have time-varying and randomness. Therefore,
the frequency bands of wave magnetic noise and target magnetic anomaly could not be absolutely separated, so the suppression effect of frequency domain
filtering method is limited [27] [28]. In addition, although the above-mentioned adaptive filtering algorithm is more effective than the frequency domain
filtering algorithm, the noise sequence and its statistical characteristics obtained from the independent

measurement of ocean wave spectrum or ocean magnetic noise may be unknown and time-varying, and
the prior data often lose meaning due to the change
of sea conditions, which may lead to the loss of optimality or divergence of filtering effect [29].
Based on the above analysis, aiming at the
problem that the existing noise suppression methods
are not suitable for marine electromagnetic environment monitoring, a noise suppression method of
ocean wave induced magnetic field based on adaptive LMS algorithm in marine electromagnetic environment monitoring is proposed. The innovation of
the proposed method is summarized as follows˖
1) Since the marine electromagnetic environment is complex, and the magnetic field model directly affects the accuracy of noise analysis, the proposed method constructs a general model of ocean
wave induced magnetic field and a model under the
condition of infinite water depth. This method can
obtain the noise estimation values of the ocean wave
induced magnetic field in time domain and frequency domain, which provides theoretical support
for noise reduction.
2) In order to further determine the noise
source, the transmitting and receiving signals in the
process of marine controllable source electromagnetic exploration are analyzed, and the least mean
square (LMS) adaptive filtering algorithm is used to
estimate and suppress the noise of ocean wave induced magnetic field. It can suppress the influence
of noise on marine electromagnetic environment
monitoring.
Drawing on the existing research on autonomous navigation of crops, this paper proposes a visual navigation algorithm for agricultural robots
based on deep learning image understanding. The
main contributions are as follows:
1) Improve the cascaded deep convolutional
network based on hybrid dilated convolution method
to solve the problem of network degradation caused
by deep network layers. And the B-spline wavelet
transform method is used to detect image edge,
which achieves image processing steps in the vision
system. Besides, this provides optimal image data
support for subsequent autonomous navigation of robots.
2) Improve the Hough transform method based
on subdivision algorithm, improve the calculation
efficiency of traditional Hough algorithm and realize
the effective extraction of robot path. And the correspondence relationship between image coordinate
system and actual scene coordinate system and the
state equation are established to achieve robots' autonomous navigation posture adjustment.
The rest of this paper is organized as follows.
The third section introduces vision system image
processing technology, including image segmentation and edge detection technology. Section 4 introduces the technology of path extraction and pose adjustment for agricultural robots. Section 5 uses actual
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scenarios to verify our proposed method. Section 6
is the conclusion of this paper.
Technical Method. Model of ocean wave induced magnetic field. The proposed method uses an
improved general model of ocean wave induced
magnetic field based on Stokes 1-order wave. Let x
-axis be the horizontal direction of seawater, z -axis
is vertical upward, and x , y , z satisfy the righthand screw relationship. The coordinate system is
established as shown in Figure 1.
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FIGURE 1
Mathematical model of the magnetic field
induced by ocean wave motion
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Where,

Where, ocean wave height H 2a ( a is
wave amplitude in vertical direction), d is ocean
depth, I is magnetic angle, T is the angle between
wave direction and geomagnetic arctic, v is velocity
vector
of
wave
motion,
F F cos I cos T i  cos I sin T j  sin Ik is direction vector of geomagnetic field ( i , j , k are the
unit vectors of three axes). The dielectric constants
of air and seawater are H1 H 0 109 36S F m and

78 . Z is wave frequency, k Z c
is wave number. The velocity potential of linear
wave motion satisfies:
ga cosh k z  d
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is the harmonic function of time t and coordinate x
, so the calculated magnetic field signal should also
be harmonic function of t and x , as follows:
H h  exp iZt  jkx
(4)
Where h is a function of z . Considering
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The right side of the equation can be simplified
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Seawater is an irrotational fluid, which satisfies
  H = 0 and   v 0 . The current density of seawater
can
be
expressed
as
J = V ª¬v u F  P H º¼ | V v u F . According to
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magnetic conductivity. By substituting the above
formula into Eq. (4), the general theoretical formula
of ocean wave induced magnetic field H can be obtained.

Maxwell equation, the following equation can be obtained:
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The noise in the environment and the noise of the
instrument itself can easily affect the quality of the
collected MCSEM data. Therefore, it is necessary to
analyze the various signals in the exploration process.

When the depth of seawater d is large enough
compared with the wavelength, such as d T ! 0.5
or d gT 2 ! 0.0792 , the sea bottom does not affect
the wave, so the wave velocity potential function can
ga kz
 e  sin kx  Zt . Considbe simplified as M

(1) Transmitting signal analysis. Marine
electromagnetic emission signal is usually excited by
periodic pulse current. In geological exploration, the
commonly used periodic excitation source signals
include sine wave, square wave, triangular wave, etc.
Compared with other waveforms, square wave is relatively easy to generate, which reduces the requirements for instruments and equipment, thus reducing
the cost. In the case of the same peak current, the
square wave has the highest energy, which increases
the proportion of the effective signal energy received
by the seabed receiver. The frequency band of the
square wave signal is wide, and the sensitivities of
different frequency signals to the seabed strata are
different, which means that the square wave can
meet the detection requirements of different strata
depths [30]. Because of these advantages, square
wave is the best choice of excitation signal.
However, in the practical exploration application, the square wave also has great limitations. The
representation of the unit square wave after Fourier
transform is as follows:
sin 3Z0 t sin 5Z0 t
º
4 ª
S t
 «sin Z0 t 

 »
3
5
S ¬
¼
(10)
Where Z0 is fundamental frequency of the
square wave, t represents time. It can be seen from
the above formula: (1) The square wave signal is
composed of odd harmonic components
Z0ǃ
3Z0ǃ
5Z0  ; (2) The amplitude of each odd harmonic is inversely proportional to its own harmonic
number, for example, the amplitude of the n-th harmonic is 1/ n . That is, the energy of each odd harmonic decreases rapidly with the increase of harmonic number, and the energy of square wave
mainly concentrates on Z0 frequency component
[31]. The electromagnetic component decays exponentially in the medium, which leads to the lower energy of high frequency harmonic component in
square wave, so the effect of detecting different
depth strata is not ideal.
In order to solve the problem that the detection
depth is limited by the amplitude of square wave harmonic, an improved square wave pattern, namely
"Cox" square wave, is proposed. Compared with the
traditional square wave, the energy of "Cox" is
mainly concentrated on the fundamental frequency,
the third harmonic and the fifth harmonic. The current polarity in each cycle changes twice, and there
is no current flowing for a short time during the polarity change. Because the square wave has the characteristics of wide frequency band and controllable

Z

ering v = M , the velocity component of seawater
movement
is
u u x i  u z k = aZ e kz cos kx  Zt i  aZ e kz sin kx  Zt k
. According to the above calculation method of wave
magnetic field, the formula under the condition of
infinite deep sea can also be deduced as Eq. (8).
Where A akF sin I  i cos I cos T . By substituting hx and hz into Eq. (4), the model of ocean
wave induced magnetic field under the condition of
infinite deep sea can be obtained.
Through experimental observation, the wave in
reality is not a standard sine wave form, but it can be
approximated by the superposition of sine waves
with different frequencies. Assuming that the frequencies of waves are uncorrelated with each other,
the expression of ocean wave induced magnetic field
can be obtained as Eq. (9).
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m

H = ¦ hi  exp iZi t  jkx

(9)

i 0

Therefore, through the above theoretical analysis, the time-domain and frequency-domain estimates of ocean wave induced magnetic field noise
can be obtained under general conditions and infinite
water depth conditions, which provides necessary
support for spectral subtraction denoising.
Signal analysis of marine controllable source
electromagnetic exploration. In the exploration
process of MCSEM, the transmitter sends low-frequency electromagnetic signals to the seafloor, and
the receiver collects and records the electromagnetic
field components transmitted through various media.
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phase, it can meet the requirements of different detection depth, so "Cox" square wave is selected as
the transmitting signal waveform in the field explorationǄ
According to the characteristics of Fourier
transform and bisymmetric square wave, the calculation method of "Cox" waveform can be deduced.
The calculation formula of bisymmetric square wave
is:
4 ª1
4·
3·
§
§
 « cos ¨ 2S n  ¸  cos ¨ 2S n  ¸ 
an
8¹
8¹
nS ¬ 2
©
©

It can be seen from the above table that the signal of the same frequency decays faster in the seawater than in the sedimentary layer, and the skin
depth is smaller. Therefore, compared with the shallow sea area, the seawater can shield a lot of highfrequency noise interference and improve the signal
quality of MCSEM in deep sea exploration. At the
same time, in a certain offset range, the energy returned from the high resistivity layer to the seabed
receiver accounts for a higher proportion of the total
energy of the receiver.

1· 1º
§
cos ¨ 2S n  ¸  »
8 ¹ 2¼
©

(3) Data noise analysis. Due to the high conductivity of seawater, the seawater layer can be regarded as a low-pass filter. The high-frequency electromagnetic signal attenuates seriously in the seawater, and the high-frequency noise is difficult to
reach the seabed. Therefore, the MCSEM data are
hardly affected by the external human noise and field
source noise, but in the process of marine electromagnetic detection, it will still be disturbed by the
noise generated by the instrument itself, emission dipole vibration, “air wave” and seawater disturbance.
The noise types mainly include dipole vibration
noise, receiver internal noise, "air wave" noise, natural electromagnetic field noise and seawater disturbance noise. The "air wave" is caused by the
transmitter signal transporting up through the seawater layer to the sea-air interface, propagating
along the interface and then refracting down to the
receiver. It hardly contains any information about the
seabed strata, so it belongs to noise interference for
the useful data of MCSEM. However, because the
"air wave" is essentially formed by signal transmission in the medium, it is difficult to eliminate it from
the MCSEM data, just like the frequency component
of the effective signal [32]. Generally speaking, the
smaller the seawater depth is, the more times the "air
wave" repeatedly couples between the air-seawaterseabed layer, and the stronger the interference is.
However, in the deep water area, the influence of "air
wave" is relatively small due to the attenuation of
seawater.
In addition, the seawater disturbance noise is
the induced electromagnetic field noise generated by
the movement of waves and currents. It has low frequency and high amplitude, and generally shows interference to the baseline of MCSEM signal. The expression used to describe the disturbance noise N x
component of electromagnetic signal induced by
seawater movement is:

12

T t

¦ ª¬a
i 0

2 i 1

 sin 2SZ0 t  2i  1 º¼

(11)
Where, T t is time domain expression of bisymmetric square wave, an is amplitude coefficient
of the n-th harmonic in frequency domain, i is number of harmonics.
Different from the standard square wave,
whose energy is concentrated on the fundamental
frequency, the main energy of "Cox" square wave is
concentrated on the third and seventh harmonics, so
it can meet the detection requirements of different
depths of seabed strata.
(2) Receiving signal analysis. In physics, it is
pointed out that when the signal enters the conductor
and produces alternating electromagnetic field, a
current vortex will be generated inside the conductor, and the current density decays exponentially
with the increase of the distance from the conductor
surface, which is called "skin effect". When the amplitude of current signal decreases to 1 / e (about
0.37) of the original value, the penetration depth is
called "skin depth". The approximate formula of skin
depth is:
(12)
G U / S f P | 500 U / f
Where UǃPǃf represent medium resistivity,
permeability and current frequency, respectively. It
can be seen that the skin depth is related to the medium resistivity and current frequency.
The skin depth of seawater and sedimentary
layer at different frequencies is shown in Tab. 1,
where the resistivities of seawater and sedimentary
layer are respectively 0.3 :  m and 1 :  m .

TABLE 1
Skin depth of seawater and sedimentary layer at different frequencies
Frequency
0.1
1
5
20
50
100
/Hz
274.1
123.8
60.7
36.5
28.1
G hs /m
891.0
G cjc /m
1587.5
500.0
232.4
119.3
70.9
50
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hoped that the iterative convergence time can be effectively reduced in this process [32] [33]. In 1960,
Windrow et al. proposed the least mean square
(LMS) algorithm, which uses the instantaneous
value to estimate the gradient vector:
w ª¬e 2 n º¼
(14)
 n
2e n x n
wY n

Z 2 vth


 iZ t
(13)
Nx Z A e g
Where, A is amplitude parameter, related to
the magnitude and direction of geomagnetic field;
g is local gravity acceleration. The actual wave period is generally less than 10 minutes, most of them
are about 20 seconds.
The magnitude of seawater disturbance noise
usually ranges from 10-16 to 10-13, while the effective signal magnitude of MCSEM at far offset is only
about 10-15, which is seriously affected by seawater
disturbance noise and even completely submerged in
noise. The proposed method uses wavelet multi-resolution analysis to suppress MCSEM noise, which is
mainly aimed at the seawater disturbance noise in
deep sea exploration.

Where x n is input signal, e n is signal error and Y n is filter parameters.
Therefore, this algorithm is unbiased, that is,
the predicted new gradient vector is equal to its real
value in the algorithm. Considering that N ª¬ n º¼
equals vector  n , the expression of LMS calculation can be obtained:
1
Y n  1 Y n  P ª¬  n º¼
2
(15)
Y n  Pe n x n

Adaptive LMS denoising. (1) LMS algorithm principle. The steepest descent algorithm can
find the optimal value of Wiener solution globally
without complete prior information, and the initial
conditions of the algorithm have little effect on the
results. However, the gradient vector greatly limits
the convergence process of the algorithm, resulting
in great constraints on its application in other fields.
In this regard, many researchers have summed up the
law in the continuous research. The algorithm is improved to reduce the complexity of calculation. It is
x n

Y1 n

z 1

x n 1

Substitute e n d n  y n into the above
formula:
Y n  1 Y n  P x n ª¬ d n  Y H n x n º¼
(16)
Where y n is output signal and d n is desired ideal reference signal.

z 1

x n  N 1

z 1
Y N 1 n

Y2 n

YN n
y n

¦

Adaptive LMS algorithm

FIGURE 2
Signal flow graph of adaptive LMS algorithm
ALGORITHM 1
Pseudo code of LMS algorithm
Begin
T

Y 0 > 0 0  0@
2. k=0
3. Obtain the values of x k and y k

1. Initialization: x 0

4. Calculate y k

Y k xc k

d k  xT k Y k
6. Use iterative method to solve the updating value of coefficient:
Y k  1 Y k  2v e k x k
5. Calculate error: e k

7. k k  1
8. If k d n , then return to Step 3
9. otherwise output Y n
End

288

y n

© by PSP

Volume 30– No. 01/2021 pages 282-295

Fresenius Environmental Bulletin

determined by three factors: previous sample value
of input signal x k , k n, n  1,  , 0 ; previous

After the above analysis, the process of adaptive LMS calculation is clear. This filter has a feedback mode, as shown in Figure 2.
Similar with steepest descent algorithm, when
time t=0, the initial value of filter coefficient vector
is given. In general, the value can be set to any value,
but it is generally set "0" as the initial value Y 0 .
Then, LMS calculation process is started, and the
process is shown in Algorithm 1.
According to the above algorithm, the reason
why the adaptive LMS algorithm is widely used is
that it has simple algorithm description and implementation mechanism. It does not need to calculate
the function related to x n signal, and does not
need to calculate the inverse of matrix, which greatly
simplifies the calculation. Therefore, the algorithm
has been used in other fields, not only in communication engineering. However, because the LMS algorithm uses the instantaneous prediction of gradient
vector and the variance changes greatly, it is difficult
to obtain the optimal filtering effect. Analyzing the
function of LMS algorithm is the core problem of
LMS [34].

sample value of the desired signal d k
k

According to the above analysis, Y n  1 has
no relationship with the update value of input signal
and reference signal. In practice, there are many
problems that the input signal and the desired output
cannot be applied to the above assumptions. However, the practical application of LMS algorithm
shows that under sufficient constraints of adaptive
construction information, reliable design criteria can
still use the conclusions and methods of analysis under the above conditions [35].
In order to analyze the problem, the coefficient
error vector 'Y n is substituted into the right side
of Eq. (15):
Y n  1 ª¬ I  P x n x H n º¼ ª¬ 'Y n  Y 0 º¼ 

Px n d n
ª¬ I  P x n x H n º¼ 'Y n  Y 0 
P ª¬ x n d n  x n x H n Y 0 º¼
(19)
Where Y 0 is considered as the optimal coefficient vector of the filter, 'Y n is error vector. If

Y 0 is transformed, the above formula can be rewritten as:

'Y n  1

0,1,  , n  1

ª¬ I  P x n x H n º¼ 'Y n 
P ª¬ x n d n  x n x H n Y 0 º¼

(20)
Calculate the mathematical expectation on both
sides of the above formula:
E ª¬ 'Y n  1 º¼ E ª¬ I  P x n x H n 'Y n º¼ 

^

P E ª¬ x n d n  x n x

`

H

n Y n º¼
I  P R E ª¬ 'Y n º¼  P P  RY 0
(21)
According to the above analysis, it can be simplified into:
E ª¬ 'Y n  1 º¼ I  P R E ª¬ 'Y n º¼
(22)

2) Each signal sample vector x n is statistically independent from the previous desired signal
d k , k 0,1,, n  1 :
0, k

n, n  1,  , 0 ; initial value of filter coefficient

vector Y 0 .

(2) Convergence of LMS adaptive algorithm.
The initial value Y 0 of the adaptive filter coefficient vector can be assumed as a constant, and this
value is not constrained by multiple conditions. If
LMS algorithm adjusts the correlation coefficient, it
will produce randomness, which leads to the oscillating change of coefficient vector Y n and the unstable process. In general, in order to simplify the
statistical analysis process of the LMS algorithm, it
is assumed that the algorithm has the following sufficient constraints between continuous iterations:
1) Each signal sample vector x n and all the
previous signal vectors are independent and uncorrelated in statistical characteristics:
N ª¬ x n x H k º¼ 0, k 0,1,  , n  1
(17)

N ª¬ x n d k º¼

,

(18)

3) The desired signal sample d n is dependent on the sample vector x n , while the previous
desired signal is independent.
4) The filter weight vector Y n and d n
have all the non-unique Gaussian random variables
of n.
Generally speaking, the statistics of LMS algorithm based on the above general assumption is
called Gendependence Theory. The filtering parameter vector Y n  1 of adaptive filter at time n+1 is

It can be seen that LMS algorithm and steepest
descent algorithm have uniform and accurate mathematical equations in mathematical form. Therefore,
if the LMS calculation process can converge to the
mean value, the step size parameter P has the following constraints:
2
0P 
(23)

Omax
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Where Omax is the maximum eigenvalue of coherent matrix R. When the number of iterations n approaches to f , the important adjustment parameter
Y n of LMS filter approximates to the optimal

0.06. After denoising of x n , the output signal of
the system is y n . The results of LMS processing
are shown in Figure 4.
In Figure 4, d n is standard signal. The input

Wiener solution Y 0 .

signal x n is the original signal damaged by noise,
and the output signal after LMS algorithm denoising
is y n . It can be clearly seen from the figure that
after the standard sinusoidal signal polluted by noise,
the waveform distribution is disordered, the peak and
trough can not be distinguished, and the periodicity
is lost. The output signal y n filtered by LMS
adaptive algorithm is effectively recovered. Compared with the d n , all the features of d n can

RESULTS AND DISCUSSION
In order to test the proposed algorithm, a towed
ocean magnetic field sensor Overhauser was used.
This instrument was designed in reference [36], as
shown in Figure 3.
This instrument is composed of an Overhauser
sensor and a sensor processing board (composed of
RF oscillator, signal amplifier, frequency meter and
controller). The experiment was carried out in a
flume which can generate artificial waves. In the experiment, two identical Overhauser sensors were
used to test different suppression algorithms. The
distance between sensors is 0.5m to avoid mutual interference. In addition, an iron block was placed at a
depth of 1m in the flume as a detection target, which
can generate magnetic anomaly of about 5nT at the
water surface.

be found in y n . By analyzing the above figures,
the noise signal is effectively reconstructed after processing, and the purpose of denoising is achieved.
The results show that the adaptive LMS algorithm is
effective and successful.
Furthermore, the relationship between filter
weight coefficient Y n and iteration times as well
as the relationship between systematic error e n
and iteration times are analyzed. The convergence
curve is shown in Figure 5.
It can be seen from the above figure that the
convergence curves of weight coefficient Y and
system error e n are smooth, and the convergence
trend meets the requirements of LMS algorithm. The
weights coefficient Y and system error e n enter
the convergence stage in the early iteration of the
whole system and retain in a stable stage in the later
iteration. The total number of iterations is 1024.
From the convergence curve, the system reaches the
convergence point and begins to converge before 50
iterations.
In addition, different learning times have little
effect on the parameters. Due to the selection of appropriate step size parameters in the initial stage of
the system, the system can obtain the ideal self-tuning weight coefficient after a single learning, and
multiple learning has little impact on the stability of
the system.

LMS denoising result and analysis. In order
to verify the denoising effect of adaptive LMS algorithm, the following examples are set to simulate the
denoising effect based on LMS method. In the simulation, the LMS filter type is set as finite impulse
response (FIR) type, and the order of the filter is 2order. Random noise is added to a simulated sinusoidal signal to simulate the actual noise signal, and
the filter is processedǄ
In the simulation process, the simulator is used
to generate the standard sinusoidal sequence signal
s n . In order to simulate the signal with noise, a
group of random sequence noise v n is generated,
and then v n is superimposed on s n to form a
sinusoidal signal damaged by noise pollution x n .
The number of iterations n is set to 1024, the initial
weight coefficient is set to 0, and the step size P is

Audio
interface
Overhauser
sensor
RF interface

Simulation board
DC pulse
generator

Amplifier

Digital board

Frequency
meter

RF
oscillator

FIGURE 3
Block diagram of test instrument
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The spectrum density of magnetic noise before and after adaptive LMS algorithm suppression
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Output signal after noise suppression by different algorithms
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magnetic field in marine electromagnetic environment monitoring. The wave-induced magnetic field
is estimated by using the general wave magnetic
field model and the model under the condition of infinite water depth. The adaptive LMS algorithm is
used to filter out the noise of ocean wave and geomagnetic field, and the effectiveness of the proposed
method is verified based on the experimental platform. The results show that the adaptive LMS algorithm can effectively suppress the noise of ocean
wave induced magnetic field, and has low computational complexity and fast convergence. In addition,
compared with other methods, the proposed method
not only realizes the adaptability of noise statistical
parameters, but also has better suppression effect,
which can provide an effective reference for noise
suppression of marine magnetic anomaly detection.
In the next study, the parallel algorithm of noise
suppression will be carried out to improve the processing speed and enhance the practicability.

Spectral density of magnetic noise before
and after adaptive suppression. The P-M spectral
model can better describe the wave frequency spectrum with wind speed between 0~20m/s. according
to the P-M spectral model, the wave spectrum can be
expressed as:
ª¬ S Z , T º¼

2

0.0081g 2 / Z 5 

^

4

`

exp 0.74 > g / V Z @ cos 2 T

(24)

Where V is wind speed.
Taking the wave surface displacement generated by P-M wave spectrum model as reference input, the power spectral densities (S) of magnetic
noise with and without wave magnetic field clutter
suppression are shown in Figure 6.
It can be seen from the above figure that after
clutter suppression by adaptive LMS algorithm, the
noise level in the frequency range of 0.05~0.55Hz is
reduced by 15~20dB. The frequency band of ocean
wave magnetic noise is mainly concentrated in the
range of 0~0.5Hz. Therefore, the suppression algorithm has a good result on the suppression of ocean
wave magnetic noise. After adaptive suppression,
the spectral density of magnetic noise is uniform in
0~1.4Hz frequency band, which is close to the distribution of white Gaussian noise.
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mainly composed of elemental carbon, organic carbon, secondary inorganic ions and inorganic elements [2]. PM2.5 is one of the most destructive pollutants to atmospheric environment. It directly or indirectly affects the climate by scattering or absorbing
solar radiation, and seriously threatens the health of
human respiratory system [3]. In the big data environment, according to known environmental monitoring data, the air pollution components, especially
PM2.5, are effectively predicted. In this way, the
changing trend of air pollution can be timely sensed,
and corresponding measures can be taken at the
source to prevent atmospheric environment from being damaged. Thus, avoiding the occurrence and development of serious pollution has become a major
measure to control air pollution [4] [5]. The concentration of PM2.5 is affected by pollutant types, pollutant emission sources, meteorological conditions,
terrain characteristics of sampling area, and its composition and proportion, pollutant composition and
contribution rate have obvious spatiotemporal heterogeneity [5]. At the same time, atmospheric environment system is very complex, which has characteristics of multivariable and nonlinear. These factors
greatly increase the difficulty of PM2.5 concentration prediction. At present, the commonly used
PM2.5 concentration prediction methods at home
and abroad are mainly divided into process based
PM2.5 prediction method and data-based PM2.5 estimation method [6]. The main principle of process
based prediction method is to simulate the generation, transportation, transformation and sedimentation of air pollutants, establish relevant models and
solve them, so as to determine the development trend
of PM2.5. Based on the data estimation method, a
mathematical formula based on the mapping relationship between environmental monitoring data and
PM2.5 concentration is established to predict the
pollution concentration in a period of time in the future [7].
Process based PM2.5 prediction methods include chemical transport models (8CTMs) and land
use regression (LUR) models [8]. CTMS is one of
the more complex methods to predict PM2.5 concentration. In reference [9], a new picture-based predictor of PM2.5 concentration (PPPC) was designed.
PPPC used images obtained by mobile phone or
camera to estimate PM2.5 concentration in real time.

ABSTRACT
With the aggravation of air pollution, it is very
important to realize the prediction of PM2.5 concentration. However, the existing algorithms have the
problem of low prediction accuracy. Therefore, a
PM2.5 concentration prediction algorithm based on
echo state network (ESN) in big data environment is
proposed. First, the PM2.5 data of the monitoring
base station in Deyang City, Sichuan Province were
collected, and the correlation analysis was carried
out with the nearest neighboring site. Then, the sequence to sequence (seq2seq) network is used to fuse
PM2.5 concentration, meteorological station observation and meteorological element grid data to generate spatiotemporal series data for training and testing, and use ESN to obtain the spatiotemporal characteristics. Finally, the seq2seq model is used to predict the hourly and long-term concentrations of
PM2.5 in the future, and the root mean square error
(RMSE), mean absolute error (MAE) and mean absolute percentage error (MAPE) are used to evaluate
its performance. The experimental results show that,
compared with other algorithms, the proposed algorithm can effectively improve the prediction accuracy of PM2.5 concentration in different time periods, and has a high generalization ability by using
the prediction method of ESN and Seq2Seq network.

KEYWORDS:
Air pollution, Big data environment, Echo state network,
concentration prediction, Seq2seq network, Temporal and
spatial characteristics

INTRODUCTION
Clean atmospheric environment is the premise
of human normal work and life. It is not only beneficial to public health, but also conducive to the sustainable development of society and economy. In recent years, China has paid more and more attention
to the control of air pollution, such as vigorously promoting the use of new energy vehicles and actively
building energy Internet [1]. PM2.5 refers to the content of suspended particles with diameter less than or
HTXDO WR ȝP SHU FXELF PHWHU RI DLU ZKLFK LV
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Firstly, a large number of images with very low
PM2.5 concentration were captured under good
weather conditions, and the natural statistics (NS)
model was established based on the entropy characteristics in spatial domain and transform domain.
Considering the fact that the naturalness of image
tends to decrease with the increase of PM2.5 concentration, a simple nonlinear function is introduced to
map the deviation degree to PM2.5 concentration for
a novel image. Reference [10] improved the prediction accuracy of atmospheric pollutant concentration, and established atmospheric PM2.5 and nitrogen dioxide (NO2) concentration prediction model
based on support vector regression (SVR). Quantum-behaved particle swarm optimization (QPSO) is
used to select the optimal parameters that affect the
performance of SVR. In order to solve the problem
that the fixed SVR model is difficult to adapt to
highly nonlinear process, a simple online SVR
model based on reconstruction is proposed to replace
the fixed SVR model. The key parameters, such as
boundary conditions, emission source inventory and
model resolution, are difficult to determine when
modeling with CTMs method. Therefore, it is necessary to approximate and simplify the simulation process, which affects the accuracy of prediction. LUR
model describes the change of pollutants by establishing regression model between pollutants and related variables [11]. Compared with CTMS, the calculation cost of LUR model is lower. In reference
[12], a prediction method of air pollutant concentration based on weighted extreme value learning machine and adaptive neural fuzzy inference system is
proposed. The optimal parameters and weights are
assigned to the weighted parameters by local
weighted linear regression, and the output weight
matrix is calculated and prediction matrix is output.
In reference [13], an on-line adaptive improvement
method is proposed, in which three models are set
for evaluation and online monitoring. When prediction accuracy is reduced to a certain extent, the
model is updated. LUR model has strong generality,
but similar to CTMs model, it also has some problems, such as traffic load, emission source list and so
on, which are difficult to obtain accurately and have
large prediction error.
Compared with the process based PM2.5 prediction method, the data based PM2.5 estimation
method does not need to deeply understand the complex gas-phase chemical mechanism between atmospheric substances. It is easier to achieve accurate
prediction without any assumption or approximation
of atmospheric physical and chemical processes
[14]. PM2.5 estimation methods based on data can
be divided into linear modeling method and nonlinear modeling method [15]. Reference [16] proposed
a data-driven model called long short term memory
fully connected (LSTM-FC) neural network. It is
used to predict PM2.5 pollution data, meteorological
data, weather forecast data of specific air quality

monitoring stations within 48h using historical air
quality. The results show that the proposed LSTMFC neural network model has better prediction performance. In fact, linear modeling is difficult to accurately describe the nonlinear mathematical relationship, so when it is used to model nonlinear atmospheric processes, the prediction effect is often
poor. Especially when the concentration of PM2.5
pollutant is too high or too low, the predicted value
obtained by the model is easy to deviate from real
value [17]. Therefore, using nonlinear method to
model PM2.5 concentration prediction model, the
numerical stability and accuracy of the model are often higher [18]. The influence of temperature, humidity and wind speed on PM2.5 was analyzed by
principal component analysis in reference [19].
Then, based on the satellite remote sensing data, pollutant concentration prediction model based on BP
neural network algorithm is established, and pollutant concentration is predicted by the model. It is also
difficult to accurately obtain traffic load, emission
source inventory and other data, and the prediction
error is large.
Based on the above analysis, due to existence
of a large number of air pollution monitoring data,
and easy to be affected by weather and other factors
as well as site layout, the existing PM2.5 concentration algorithm has low prediction accuracy. Therefore, a PM2.5 concentration prediction algorithm using echo state network (ESN) in big data environment is proposed. The innovation points are summarized as follows:
1) In view of the influence of monitoring station location on the prediction accuracy of PM2.5
concentration, correlation analysis of the nearest
neighbor station was carried out for the collected station data. In order to reduce the prediction error, the
space-time characteristics are obtained by using
ESN.
2) In order to improve the accuracy of PM2.5
concentration prediction, the proposed method uses
sequence to sequence (Seq2Seq) model to obtain the
nonlinear relationship between different variables,
and constantly optimize the network weights to approach real value.

MATERIALS AND METHODS
PM2.5 data. PM2.5 data of 21 monitoring base
stations in Deyang City, Sichuan Province are obtained, and the data interval is day level. Taking
Yungang monitoring station as an example, the corresponding PM2.5 monitoring data is shown in Figure 1.
It can be concluded from the Figure 1 that the
distribution of PM2.5 monitored by the base station
is higher in winter and lower in summer in time dimension, with obvious seasonal characteristics,
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which also conforms to the distribution characteristics of most regions in China [20].

PM2.5 CONCENTRATION
PREDICTION MODEL PROPOSED

450

PM2.5 concentration/(ȝg·m-3)

400

Description of the problem. In recent years,
haze weather has attracted the attention of all walks
of life. The meteorological service for the public requires that the station forecast of PM2.5 concentration should be refined to hourly forecast timeliness.
In other words, the numerical model at the current
time is used to forecast the PM2.5 concentration of
the fixed time (such as 24 hours, 48 hours, 72 hours)
in the past, and to predict the hourly concentration of
PM2.5 in the fixed time (such as the next 24 hours,
36 hours or 48 hours) of the target station [21]. From
the perspective of machine learning, this prediction
problem can be regarded as a prediction problem of
time-space series.
Suppose there are N different observation stations, for a given time t , the collected data form the
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FIGURE 1
Monitoring value of PM2.5 in monitoring station

set ST

Correlation analysis of PM2.5 concentration.
For all the monitoring base stations, select the eight
nearest stations, and calculate the correlation of
PM2.5 concentration between each station and the
nearest 12 stations one by one according to the sequence of distance from the nearest to the far. The
results are shown in Figure 2. Among them, the abscissa is the nearest eight stations, and the ordinate is
the correlation of PM2.5 concentration.
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X t in the sequence is a d dimensional vector,
which contains temporal data and spatial data. The
time series data are composed of PM2.5 concentration observation value, PM10 concentration observation value, meteorological observation element
value of this station and PM2.5 concentration of the
nearest K stations to obtain the time characteristics
[22]. Spatial data refers to Deyang meteorological
grid data, which is used to extract spatial features.
Suppose that the spatial scope of Deyang city is represented by grid M u N , each cell in the grid has P
measurement values that change with time, the meteorological observation data at time t can be ex-
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. The data set ST is used to extract the temporal and
spatial features to predict its corresponding value at
time t  1, t  2,  , t  K .

0.2

The proposed PM2.5 concentration prediction model. Seq2seq is a kind of Encoder-Decoder
structure. Its basic idea is to use two recurrent neural
network (RNN). One RNN is used as Encoder and
the other as Decoder to realize the conversion from
one sequence to another. Encoder is responsible for
compressing the input sequence into vectors of specified length. This process is called encoder. Decoder
is responsible for converting the fixed vector generated by Encoder into output sequence, which is
called decoder [23]. The proposed PM2.5 concentration prediction model includes ESN to obtain spatial
characteristics and Seq2seq models, and its structure
is shown in Figure 3.
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FIGURE 2
Correlation of PM2.5 concentration at the nearest eight stations
It can be seen from Figure 2 that the correlation
of PM2.5 concentration at all stations decreases with
the increase of distance, and the correlation between
most stations and the nearest six stations is greater
than 0.5.
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Forecast results
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FIGURE 3
Network framework of predict model for PM2.5 concentration
The data used in the model include hourly air
pollutant concentration observation data from 10 stations of Deyang Meteorological Bureau, hourly meteorological element observation data and objective
analysis data of grid meteorological elements in
Deyang City. In addition, ESN, which is commonly
used in sequence model, is selected to obtain the
short-term spatial features highly related to the site
[24]. Taking the station as the center, 10 * 10 sub
grids are taken as input from the objective analysis
grid of whole three-dimensional meteorological elements, and the spatial characteristics of temperature,
relative humidity and wind elements are obtained by
using ESN. After preprocessing, the observation data
of the station at a certain time and the PM2.5 concentration data of the nearest eight stations are input
into Encoder structure as the feature vector of current
time together with the spatial characteristics of station at this time. The output and hidden states are obtained by operation. The output and hidden state of
Encoder and the target prediction value of the station
are taken as the input of Decoder at the current time,
and the prediction results are obtained through RNN
operation.
Gated recurrent neural (GRU) is more outstanding than LSTM in small data sets, and can better solve the problem of RNN exploding or disappearing gradient in long sequence training. Therefore, the proposed algorithm selects GRU as RNN of
Seq2seq model [25]. In addition, changing the number of hidden nodes may reduce over fitting and increase model generalization. Therefore, the number
of hidden nodes is selected as 2 / 3 of the total dimension of input layer and output layer. According
to this rule, if the past 72h data is used to predict the
PM2.5 concentration in the future 24h, the number
of hidden nodes should be set as (72 + 24) * 2 / 3 =

64. Compared with single-layer GRU, stacking GRU
can increase the learning ability of the model, but the
network parameters will also increase, which has a
direct impact on the generalization ability and training time of the model. Considering the total number
of samples, a two-layer GRU structure is used with
64 hidden nodes in each layer [26]. In addition, in
order to prevent over fitting, dropout with a scale of
0.15 is used in Decoder.
Echo State Network. Echo state network is a
new recurrent neural network proposed by Jaeger et
al. in 2001, which has memory function. The advantages of this method are that it can alleviate local
minima and is fast in learning, which is suitable for
linear models. Its core structure is a dynamic neuron
reservoir (DNR), which contains hundreds of neurons. The neuron pool is a randomly generated,
large-scale, sparsely connected (usually maintaining
1% - 5% connectivity) recursive structure [27] [28].
ESN is closer to biological neural network in structure, and is widely used in time series prediction and
system identification.
Z

Z in

Z out

v t

Z back
Reserve pool
(M nodes)

FIGURE 4
The architecture of ESN

299

ĂĂ

ĂĂ

ĂĂ

ĂĂ

u t

Input layer
(P nodes)

y t

Output layer
(Q nodes)

© by PSP

Volume 30– No. 01/2021 pages 296-305

Fresenius Environmental Bulletin

The topology architecture of the basic ESN is
shown in Figure 4.
In the structure of ESN, there are P input nodes
on the left and a neuron pool in the middle. It is composed of M internal nodes and sparse connected connection weight matrix. The right side is Q output
nodes. Only the output connection weight matrix
changes during the training process x t .
The basic equation of ESN is as follows:
v m 1
f Z in u m  1  Z v m  Z back y m

The key to use ESN is to ensure that the neuron
pool has echo state characteristic. That is, if the network has been running for enough time, the current
state of network is only determined by the input and
output. Only when the network has echo state characteristic can the training of network be meaningful
[32]. In practical application, the most basic method
to ensure the stability of ESN is to ensure that the
spectral radius of the state weight matrix is less than
1 [33].

(1)

Construction of Seq2seq model. Considering
the complex nonlinear relationship between different
variables, Seq2seq model is used to approach the real
value by continuously optimizing the network
weights. In order to reduce the risk of over fitting,
the lasso method was used to analyze the importance
of prediction factors, and the first 36 prediction factors were retained [34] [35]. The historical observation data and meteorological data are used as the inputs of the encoder and decoder ends of Seq2seq
model for model training. The training process is
shown in Figure 5.

y m 1

f

out

Z

out

u m 1 , v m 1 , y m

u m

u1 m ,  , u P m

v m

v1 m ,  , vM m

y m

y1 m ,  yQ m

(2)
(3)

T

T

(4)

T

(5)

Where u m , v m and y m are input variables, state variables and output variables of ESN respectively. Z in , Z and Z back are input weight matrix, reserve pool weight matrix and feedback weight
matrix, and their dimensions are N u K , N u N and

N u L respectively.

Z

out

WRF
meteorological data

is the connection between

Historical
monitoring data

the internal state of neuron pool, input vector and
feedback output to the output. The output connection
weight matrix with dimension L u K  N  L . f
is the activation function of neuronal pool unit, and
the hyperbolic tangent function tanh is taken. f out is

feature extraction
feature
extraction

Encoder

Model parameter
selection
Decoder

Output results

the activation function of output unit, and the identity function is taken [29]. Z in , Z and Z back of ESN
are determined before learning and remain unchanged during the learning and testing process [30]
[31].

FIGURE 5
Construction process of Seq2seq model

Start
Data fusion and format,
complete the transformation
from original data to tensor.

Get the spatial characteristics
of the site

Calculate the mean and
variance of each type of data.

The seq2seq model is
constructed, and the optimal
parameters and training step size
are obtained by training ESN.

The missing values are replaced by
means and normalized.

PM2.5 concentration prediction
results were obtained.

The spatial features of the same observation
time are combined as the feature vector of the
station at the observation time.

End

Preprocess the site data

FIGURE 6
PM2.5 prediction algorithm flow based on ESN
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In order to extract useful information from historical observation data, PM2.5 concentration observation data and meteorological data 24 hours before
the starting time of model were used as the forecast
input. In the prediction, the model transforms the historical data 24 hours before the start of report into a
state vector and transmits it to decoder to characterize the historical continuous correlation of PM2.5
concentration [36] [37]. In addition, the PM2.5 concentration predicted by WRFChem model and meteorological element forecast data of WRF are extracted [38]. The distribution of meteorological elements at different altitudes in vertical direction can
reflect the stable state of atmosphere. The vertical
stable state can affect the vertical diffusion of PM2.5
concentration, and then affect the concentration of
PM2.5 [39]. Therefore, the difference between different altitudes of the same predictor is taken as a
new predictor and as the input of decoder of Seq2seq
model to reflect the vertical diffusion ability of
PM2.5 [40].

layer, the learning rate is 0.995, the initialization
range of parameters is set to [-0.08, 0.08] , and the
model optimization algorithm uses the Adam algorithm. Excessive training step size will cause the
model to overfit the training data, and will also consume more time, while too small step size will easily
lead to local optimum. Therefore, the training step
parameter needs to be tested to find the optimal
value. The MAPE of training set and validation set
data changes with the training step as shown in Figure 7.
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vadilation
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Algorithm flow. The flow chart of PM2.5 prediction model algorithm is shown in Figure 6.
The proposed algorithm firstly uses ESN to extract the spatial characteristics of the station, and preprocesses air pollutant concentration and meteorological element observation data of the station. Then
the data fusion was sent to Seq2seq model for training to obtain the prediction results of PM2.5 concentration. Finally, RMSE, MAE and MAPE are used to
evaluate the proposed algorithm.
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FIGURE 7
Trend of MAPE over epochs
As you can see from the figure 7 MAPE errors
decrease with the number of iterations on both the
training set and the validation set. When the number
of iterations exceeds 3000, the model seems to be
over-adapted, not only does the generalization ability not improve, but also shows weak fluctuations.
Hence, the iteration step is set to 3000.

RESULTS
150

PM2.5 concentration/(ȝg·m-3)

Randomly select 70% of the data in Deyang
City of Sichuan Province from January 2018 to October 2019 as the training set, and the remaining 30%
data as the verification set to adjust the parameters
of the prediction model. The Seq2seq model determines the number of layers of neural network and the
number of neurons in each layer, and the Seq2seq
model encoding and decoding ends contain 3 hidden
layers, each layer with 25 neural networks.
The Adam algorithm is used in the model optimization algorithm. Root Mean Square Error
(RMSE), Mean Absolute Error (MAE), and Mean
Absolute Percentage Error (MAPE) are used as evaluation indexes to evaluate the performance of the
model. RMSE and MAE are used to assess absolute
errors, while MAPE is used to measure relative errors. RMSE and MAE reflect the predicted extreme
effects and error range values, and MAPE reflects
the specific prediction of the mean.
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FIGURE 8
Changes of predicted value, actual value and 24
h prediction error with time
The time-varying prediction values, live values and 24h prediction errors of the proposed algorithm. To further analyze the source of prediction
error of the proposed algorithm, the error between its
predicted value and the real value is analyzed. The

Seq2seq model parameter optimization. The
proposed algorithm makes reasonable settings for
some key parameters in the model: the hidden layer
is two layers, the number of hidden neurons is 64 per
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change curves of PM2.5 actual values, predicted values and prediction errors from March 20 to 30, 2019
are shown in Figure 8.
From the figure 8, it can be seen that the predicted value curve of the proposed algorithm is
smoother, and the variance is smaller than that of the
PM2.5 concentration real value curve. The predicted
change trend of PM2.5 concentration during the predicted time is consistent with the actual value, but it
is difficult to accurately predict the sudden rise or
decrease of PM2.5 concentration. The reason for this
phenomenon is that the mutation of PM2.5 concentration may be caused by the change of pollution
source. The proposed algorithm cannot find a significant rule from the existing data, so it cannot predict
the mutation. The second reason is that the prediction error of PM2.5 concentration mutation will also
cause the accuracy of the proposed algorithm to decrease.

to the reality value and the most accurate in the
PM2.5 concentration prediction of 24 hours.
Variation of root mean square error of forecast with forecast time. In order to further refine the
predictive performance of the proposed method, the
proposed method is compared with [9], [13], and
[19] on RMSE in a short time of 24 hours, as shown
in Figure 10.
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As can be seen from the figure 10, the RMSE
of the proposed algorithm is smaller than that of
other algorithms at any one time. Due to the time
continuity of PM2.5 concentration, the error of the
first 5 hours predicted by the proposed algorithm is
significantly lower than that of other times. The coding side of Seq2seq model inputs historical observation data into the model, so the shorter the prediction
time, the higher the prediction accuracy. The [9] algorithm does not include the historical observation
data of PM2.5 concentration in the model, which results in poor prediction results for the near future. It
shows that the [19] algorithm has better improvement and improvement on PM2.5 prediction of [13]
algorithm.
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FIGURE 10
Variation of forecast RMSE over time
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A comparative analysis of the prediction of
single-site PM2.5 concentration. In order to verify
the prediction accuracy of the proposed algorithm,
the PM2.5 concentration predicted values and the actual values obtained from the three algorithms in the
[9], the [13], and the [19] are compared and analyzed
with each other over time. The results are shown in
Figure 9.
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Comparative analysis. In order to demonstrate
the prediction accuracy of the proposed algorithm
over a long period of time, it is compared with the
PM2.5 concentration predicted by the algorithms in
[9], [13], and [19], and the results are shown in Figure 11.
As can be seen from the figure 10, the [19] uses
more information, including meteorological factors,
than the [13] algorithm. When predicting PM2.5
concentration on a certain day, it selectively considers all the historical information before that time
point, so it has a better prediction effect. However,
the [19] lacks the information on space information
and other base stations associated with them, the proposed algorithm will carry out the collaborative
training of each base station, and in order to reduce
the risk of overfitting, the use of weight sharing

Time

FIGURE 9
Comparison of predicted and actual values of
different algorithms
From the figure 9, it can be seen that the predicted values of PM2.5 concentration by [9], [13],
and [19] algorithms do not differ much from the actual values. Compared with [13], [19] algorithms, the
predicted results of [9] algorithm have larger variance, and the predicted peak and valley values differ
greatly from the actual values, with false peaks and
valleys. The proposed algorithm uses ESN to extract
spatial characteristics and combines the Seq2seq
model, so that compared with other algorithms, the
prediction value of the proposed algorithm is closest
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method greatly reduces the training parameters, so it
has a more accurate prediction results.
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Comparison of prediction results of different algorithms
In addition, in the long-term prediction of PM2.
concentration, the [19] algorithm has made greater
progress than the [13] and [9], and the accuracy has
been significantly improved, but the effect is poor at
many "peaks". The prediction result of the algorithm
proposed in this paper is much better than that of
other algorithms, especially for the "peak" location.

CONCLUSION
Aiming at the problem that PM2.5 concentration is difficult to predict, a PM2.5 concentration
prediction algorithm using ESN in big data environment is proposed. Combined with the PM2.5 data of
the monitoring base station in Deyang City, the
space-time features of the data were obtained by
ESN, and the Seq2Seq model was constructed to
combine the PM2.5 concentration and meteorological site observation data to generate the space-time
sequence data for training and testing, so as to obtain
the prediction value of PM2.5 concentration. The
concentration value of PM2.5 is predicted by using
the proposed algorithm. The experimental results
show that, compared with other algorithms, the proposed algorithm uses the prediction method of the
combination of ESN and Seq2Seq network, and can
effectively obtain high-precision PM2.5 concentration prediction value within 24 hours or within one
month, and has high generalization ability.
The proposed algorithm does not consider the
impact of local anthropogenic emission sources on
PM2.5 concentration when extracting the characteristic variables with the greatest correlation with
PM2.5. In the later research work, the impact of
emission sources can be added to the PM2.5 prediction algorithm to improve the prediction accuracy of
PM2.5.
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ABSTRACT

INTRODUCTION

The high-resolution remote sensing images in
rural areas contain more complex land use information, which makes it more difficult to extract information, and the results of existing models are usually poor performance. To alleviate this problem, a
rural land information extraction model based on improved high-resolution remote sensing images of
Deeelabv3+ network is proposed. Firstly, the
Deeplabv3 + network is used to extract rural land information in remote sensing images, a channel attention mechanism is introduced into the network, and
connecting it in parallel with the atous spatial pyramid pooling (ASPP) to accurately extract edge targets and improve network fitting process. Then, data
normalization and enhancement are applied for data
preprocessing, the Adam optimizer and cross-entropy loss function are used in the model training
process to improve the accuracy of information extraction. Finally, the extracted high-resolution remote sensing image information is input as a unary
energy function of the fully connected conditional
random field (CRF), and applying the average approximation method for reasoning to optimize the
extracted information boundary. The high-resolution
UAV remote sensing image of a rural area in southern China is utilized as a data set to experimentally
demonstrate the proposed method. Compared with
other baseline methods, the results of our proposed
method have an mean intersection over union
(MIoU) value of 80.15%, which is closest to the real
value and more intuitive extraction effect, and the
overall visual perception is optimal. The experimental results show that our model has the best overall visual perception.

With the development of remote sensing
technology, the spatial information of high spatial
resolution remote sensing images is more abundant
and refined[1]. Meanwhile, the complexity of high
spatial resolution remote sensing images also puts
forward higher requirements for the classification
technology of remote sensing images[2]. Therefore,
with the more obvious geometric structures and
richer texture features in high spatial resolution
remote sensing images, how to design a reasonable
feature system and choose a suitable classification
model to accurately and quickly grasp the quantity
and distribution of rural construction land , which is
great significance for the overall planning of urban
and rural areas, saving intensive land and achieving
sustainable development[3] [4]. Meanwhile, it also
has research value for exploring the application of
deep learning model in high spatial resolution
remote sensing image building classification
In recent years, remote sensing image
processing in rural areas has been widely used in
rural planning, agricultural production, weather
forecasting, agricultural land protection, earthquake
monitoring and debris flow emergency disaster
mitigation[5,6]. Semantic segmentation of remote
sensing images in rural areas is to divide and label
specific types of features in the image based on the
pixel level, which is convenient for the subsequent
analysis and processing of remote sensing images in
rural areas, and provides a basis for further remote
sensing image recognition, measurement and
analysis in rural areas[7,8]. The inconsistency of
lighting conditions, image acquisition angles and
heights leads to differences in semantic segmentation scenes in remote sensing images, which
increases the difficulty of segmentation. How to
accurately segment remote sensing images has
always been the focus of scholars' research[8].
The semantic segmentation of remote sensing
images is the kind of images pixel-level classification, and it is an important research item in the
application of remote sensing image target
recognition. With the rapid development of remote
sensing technology, remote sensing images
produced by high-resolution remote sensing

KEYWORDS:
Rural land use information, high resolution remote sensing
image, improved deeelabv3 + network, channel attention
mechanism, conditional random field (CRF)
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satellites can express rich ground feature information,
which is beneficial to extract complex features of
ground features and accurately identify artificial
targets[9]. Semantic segmentation has been
extensively researched in the fields of computer
vision (CV) and remote sensing, the traditional
method mainly applies feature extraction methods to
transform image pixel information into feature space.
The commonality of these methods is that the feature
extraction method is manually designed by domain
experts, although the model can achieve good
performance in some specific tasks, but it shows
poor generalization ability. When the task conditions
change, redesigning the feature extraction method
usually needs a large amount time and rich
experience. The commonly used classification
algorithms in the field of remote sensing image
processing of rural areas including maximum
likelihood (ML), ISO clustering, support vector
machine (SVM), random forest (RF) , Neural
network (NN) and other machine learning methods.
However, these methods are relied on spectral
features, and cannot make full use of spatial features,
which is not suitable for high spatial resolution
remote sensing images with lower spectral
resolution[11].

extraction abilities of image semantic segmentation
algorithms for spectral and spatial features, more and
more scholars have introduced them into remote
sensing image classification. At present, image
semantic segmentation methods mainly include
data-driven methods based on non-parametric
conversion, shellfish Yes, Markov random fields and
conditional random fields, but these methods are
computationally expensive and inefficient.
In recent years, with the mature development of
computer technology, the performance of deep
learning in the fields of speech recognition, image
recognition, and information retrieval has surpassed
traditional machine learning algorithms. The FCN
method is usually used to extract high-resolution
image buildings, but it only uses high-level feature
maps to perform pixel classification while discarding
the low-level feature maps with rich information,
resulting its limited ability to process small and
complex buildings, and the rough segmented
image[16]. To alleviate this problem, reusing lowlevel feature maps has become an effective solution
cause they contain rich spatial information and finegrained details. Therefore, some excellent
supervised semantic segmentation models with lowlevel feature maps have emerged, such as U-Net,
RefineNet,
and
Segnet.
These
semantic
segmentation models use an encoding-decoding
structure, the encoding layer is used for feature
information extraction while the decoding layer
restores the extracted feature map to the original
image dimension. In the process of restoring the
feature map, the decoding layer will fuse the lowlevel feature maps in the encoding layer to make up
for the lost details, it can finally obtain the different
levels of feature information by segmenting the
feature maps, which improves the accuracy of
network segmentation[17]. For the surface
hydrological characteristics, [18] proposed a method
to extract the uniform area of the water surface from
each SAR image using local texture descriptors.
They applied mathematical morphology to filter the
small artifacts and uniform areas in the image, the
network can finally extract the spatial and radiation
information embedded in each pixel and fused them
with the same pixel information. Research results
have shown that effective feature extraction is very
important for the classification of ultra-high
resolution (VHR) remote sensing (RS) images.
Current research are mainly focused on a single
shallow or deep feature extraction method, which
the typical models include morphological feature
spectrum (AP) and convolutional neural network
(CNN). [19] integrated AP and CNN model to
characterize VHR RS images to improve pixel
description. Regularization is used in the training
process of CNN, and applied discarding and finetuning strategies to alleviate the overfitting problem
caused by insufficient
samples in RS
applications[20]. The evaluation results in the

MATERIALS AND METHODS
With the increase of earth observation remote
sensing platforms and the shortening of earth
observation period, the resolution of remote sensing
data has increased sharply. The use of these image
data to interpret the segmented attention information
has a wide range of applications in various fields[12].
Traditional pixel-based image processing methods
such as SIFT method and watershed algorithm are
susceptible to external noise, which make it difficult
to obtain satisfactory results. [13] proposed a point
cloud classification method based on geometric
features suitable for ground laser scanning data. For
each point, the distance between the points is
estimated based on the distance to the scanner
position and the angular resolution, then applying it
as the neighborhood scale basis to generate the best
radius search range. In the context of hyperspectral
imagery, [14] proposed a spectral spatial feature
extraction and classification framework based on
artificial neural network (ANN). Their proposed
model combined the joint supervision symbols
between softmax loss and center loss to train the
network, it can expand the difference between
classes while collecting intra-class features with the
joint supervision symbols. The object-oriented
influence segmentation method can alleviate the
problem of noise influence, but it is necessary to
adjust the image size parameters to obtain a better
segmentation effect, which is difficult to determine
the appropriate size parameters[15]. Since the strong
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QuickBird datasets show that the proposed method
has higher classification accuracy compared with a
separate method for VHR images.
[21] proposed a remote sensing mineralization
alteration information extraction method based on
PCA (Principal Component Analysis) and Cuckoo
Algorithm Optimization SVM. The band ratio
method is used to enhance the mineralization
alteration information in the remote sensing image
of the study area, and obtain the ratio image.
Extracting the training samples after the PCA, and
selecting the optimal SVM model in the process of
training and constructing the training samples, which
and finally complete the mineralization alteration
information extraction. [22] proposed a CNN that
combined both spatial and spectral information, the
network is constructed in Google Drive using
Colaboratory-Keras. In order to train a CNN model
with good generalization ability, some typical areas
with great differences in the natural environment are
selected as training locations, and the verification
accuracy of the test points is higher than 90%.
Compared with other existing building data products,
CNN classification model can well targeted at the
details of the building area and greatly reduce the
classification error and loss, these methods confirm
the advantages of deep convolutional neural
networks in segmentation processing of remote
sensing images. Recently, Deeplabv3+ semantic
segmentation network has become more popular, the
network is developed from Deeplabv1-3, so it also
has the common defects such as slow training speed
and low accuracy of edge target segmentation [23].
In order to solve the defects of Deeplabv, some
scholars have made relevant research and
improvement. [24] proposed a deep weakly supervised learning (DWSL) technology, using
convolutional neural network for classification
training in the basis of investigating the uncertainty
relative to the target label. Their model improved
the insufficient rough segmentation of edge targets
of original network, but it still fails to solve the
shortcomings of slow network training[25]. The
above methods are only an improvement to a certain
defect of the algorithm, while fails to unify the
defects of the Deeplabv3+ algorithm.
Based on the above analysis, in order to solve
the problem of low accuracy of rural land
information extraction in existing remote sensing
images, we proposes a high-resolution remote
sensing image based on improved Deeelabv3+
network for rural land information extraction in this
paper. The innovations of our proposed methods are:
(1) For the defects of the DeepLabv3+ network
in remote sensing images, such as slow fitting speed
and inaccurate segmentation of edge targets, the
channel attention mechanism is introduced into the
network and connected it in parallel with the atous
spatial pyramid pooling (ASPP) to improve network
performance .

(2) To improve the accuracy of information
extraction, the proposed method used data
standardization and enhancement for preprocessing,
and applied Adam optimizer and cross-entropy loss
function in the model training process to
dynamically adjust each parameter to speed up the
convergence speed and solve the loss problems such
as large function fluctuations.
(3) Since the incompleteness of DeepLabv3+
network in extracting the fine-grained edge
information, it is used as the input of the unary
energy function of the fully connected conditional
random field (CRF), and the average approximation
method is used for reasoning to achieve the
optimization of the extracted information boundary.

REMOTE SENSING IMAGE SEGMENTATION BASED ON IMPROVED DEEPLABV3+
Deeplabv3+ network. Deeplabv3+ is the latest
version in the Deeplab series, which uses an
encoder-decoder method, the principle is shown in
Figure 1.
The Xception network is utilized as a feature
extraction skeleton network in encoder layer. The
network structure consists of a series of deep
separable convolutions, residual connections in
ResNet, and some other conventional operations[26].
Compared with ResNet-101, the Xception network
is more robust, and the classification accuracy of
Top-1 and Top-5 on the ImageNet dataset are
increased by 0.75% and 0.29%, respectively. Our
method introduces the ASPP module in the Xception
network to solve the problem of robust segmentation
of objects. The image-level feature map (1/16 of the
original image) obtained by the deep convolutional
network is input into a 256-channel 1 1
convolutional layer, and the convolutional feature
map is used in the decoder.
The decoder adopts the skip connection method
of fully convolutional networks (FCN) to connect
low-level features and high-level features. Firstly,
using 48-channels 1 1 to convolve the low-level
feature map to reduce the channels number. Then,
fusing it with the high-level feature map that has
been amplified by 4 times bilinear interpolation and
upsampling, and finally perform 3 3 convolution
operation after 4 times magnified bilinear
interpolation is restored to the original image
resolution, which can obtain the segmentation image
that have same size with the original image.
Deeplabv3+ network based on channel
attention mechanism. The schematic diagram of
the channel attention mechanism is shown in Figure
2.
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FIGURE 1
Network configuration parameters of RESNET
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transposing X to X T and do matrix multiplication
with F c , The shape of the multiplication result is
transformed into R C u H uW and then multiplied by a
trainable parameter ] , adding it to the matrix F to
get the final result E  R C u H uW :
C

Ej

In the formula, ] is initialized to 0. From the
above formula, it can be concluded that the final
feature of each channel is the weighted sum of all
channel features and the original channel features, so
the channel attention module can simulate the
information association between different remote
sensing images and strengthen the feature
representation.
Although the Deeplabv3+ network is one of the
most outstanding points system models, it also has
some shortcomings. First of all, in order to increase
the ability for divide multi-scale targets, Deeplabv3+
connects with the ASPP structure after the hole
convolution feature extraction network. This
structure is composed of 3 u 3 hole convolution with
expansion rates of 1, 6, 12, 18 and global average
pooling operations. Excessive expansion rate cannot
accurately extract image edge target features and
fully simulate the relationship between the local
features of large-scale targets, which makes the
large-scale target classification system void, these
results the reduction of the accuracy in the aspects of
remote sensing image edge target and large-scale
target segmentation using Deeplab V3 +
network[26]. Secondly, the Deeplabv3+ model
generates a huge amount of model parameters from
the feature extraction network to the up-sampling
restoration of the feature map, especially the number
of convolution channels in the convolution layer
behind the model is as many as 512, and each layer

X
E
C×H×W

FIGURE 2
Channel attention module
Different from the position channel attention
module, the channel attention mechanism directly
calculates the channel attention map X  R C uC
through F  R C u H uW .First changing the shape of the
feature matrix F to F c  R C u N ˈ N H u W then
multiplying the transposed matrix of F c , F c and
obtaining X through the softmax layer:
T
exp ª Fic  F c j º
¬
¼
xij
(1)
C
T
ª
c
¦ i 1 exp ¬ Fi  F c j ¼º
In the formula, Fic is the i -th element value of

of transpose

T
j

(2)

i 1

Softmax
operation

matrix Ac  R C u N , F c

] ¦ xij Fi  Fj

is the j -th element value

matrix Fic , xij indicates the influence

factor of the i -th channel on the j -th channel. Then
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has a large amount of parameters, which up to 2.36
million. The large number of training parameters is
very unfavorable for network training, certain
parameters must be unstable during network back
propagation, which will hinder network training and
slow network convergence[27].
Therefore, a Deeplabv3+ network based on the
channel attention mechanism is proposed to make up
for the above shortcomings. The improved
Deeplabv3+ network structure is shown in Figure 3.

V

Predictive
image

0.5×

0.5×

Dimension
transformation

Atrous Spatial Pyramid Pooling

0.5×

4×

Matrix of
channel
attention

In the formula, F is the input value, max F
is the maximum input value.
The purpose of data enhancement is to generate
new sample instances. When the training samples are
small, data enhancement is very beneficial to
improve the stability of the network. For remote
sensing images, image operations such as rotation
45°, zoom 15%~25%, cropping, switching bands,
vertical and horizontal flipping can significantly
expand the scale of the data set, thereby increasing
its network generalization ability[31]. In our
experiment, data enhancement is not performed on
the validation set and test set.

4×

Sum by
element

Original
image
0.5×

Operation of
channel matrix
Matrix
multiplication

standardized method is usually adopted to avoid
abnormal gradients. The z-score standardization
algorithm adjusts the pixel values of the input image
to an approximately normal distribution, which is
beneficial to optimize the convergence of the
gradient descent method[29] [30]. P , V are the
mean and standard deviation of F max F , the
standardized formula is:
F
P
max F
(3)
Fout

Dimension
transformation

Training strategy. (1) Optimizer. The most
common optimization method in neural network
training is stochastic gradient descent (SGD). SGD
randomly selects a sample point for gradient descent,
then the parameters are updated to:
] new ] old  DJ t ]
(4)

FIGURE 3
Parallel structure of dual attention mechanism
and ASPP in deeplabv3 +
Firstly, using the backbone network to extract
the image features, and dividing it into two branch
networks to process the feature maps extracted by
the backbone network separately, then merging the
two branch feature maps, where the upper branch in
the figure is the channel attention mechanism.
Specifically, the feature map extracted from the
backbone network is subjected to an 3 u 3
convolution operation with an expansion rate of 2,
and then sent it to the channel attention mechanism
for processing. The channel attention mechanism
employs the correlation between the related category
features of different channels to strengthen different
category features to improve the classification
accuracy [28]. The lower branch in the Figure 2 uses
the ASPP operation in Deeplabv3+, first sending the
feature map to ASPP for processing, then merging
them with feature map in channel attention
mechanism, the final dimensionality of fused feature
map is reduced to 256 channels. The network
decoding module follows the operation of
Deeplabv3+ decoding module, and the final layer
will get the remote sensing image segmentation map.

In the formula, ] new is the updated value, ] old
is the original value, D is the learning rate, J t ] is
the loss of t -sample,  is the gradient. The
characteristics of SGD fluctuation make the
optimization direction jump from the current local
minimum point to another better local minimum
point. For non-convex functions, SGD can make it
eventually converge to a better local extreme point
or even a global extreme point[32] [33].
However, it is difficult for SGD to find a suitable learning rate and will easily converge to a local
optimal problem. The adaptive moment estimation
method (Adam optimizer) is used to calculate the
adaptive learning rate of each parameter, this method
dynamically adjusts the learning of each parameter
according to the first-order and second-order moment estimation of the gradient of each parameter according to the loss function rate[34] [35]. This optimization method has the advantages of fast convergence speed, and can correct the problems of disappearance of learning rate, slow convergence or large
fluctuation of loss function[36]. The first-order
moment deviation Qˆt , and the second-order moment
deviation Xˆt are calculated as:

Data preprocessing. Remote sensing image
data is an integer type, the parameters and activation
functions of the Deeplabv3+ network are usually
initialized to random numbers between [0,1], a
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the relationship between the image cable and its
neighboring pixels, it can efficiently distinguish the
boundaries between different categories.
Suppose an image contains N pixels,
I
I1 , I 2 , , I N
is
the
observed
value,

(5)

1  W 2t

In the formula, Q t is the mean gradient, Xt is the
gradient variance, W 1t is the exponential decay rate
estimated for the first moment, W 2t is the exponential
decay rate estimated for the second moment. The
Adam optimization formula can be expressed as:

] t 1 ] t 

K
Qˆt ,
Xˆt  H

X
X 1 , X 2 , , X N is the set of random variables.
The value range of each variable of X is
l l1 , l2 , , lk , represents k marked categories.

(6)

X , I constitutes CRF, and its probability
distribution obeys the Gibbs distribution, which can
be expressed as:

In the formula, ] t 1 is the adjusted parameter,

] t is the original parameter, K is the step size, H is a

P X I

small constant (The default is 108 ).
(2) Weighted cross entropy loss function
Cross-entropy loss function is the commonly
used loss function for deep neural networks. When
the error is large, the weight update is fast, and when
the error is small, the weight update is slow. The
representative binary cross entropy loss function is:
L ¦ ª¬ yt ln yp  1  yt ln 1  yp º¼
(7)
In the formula, yt is the true value, yp is the
predicted value.
Cause the significant category imbalance
problem in remote sensing image data sets, for
small-type targets, the number of positive samples is
relatively small compared to negative samples.
When each sample is assigned to same weight, the
network will tend to predict most pixels as negative
samples. In extreme cases, predicting all items as
negative samples can also get higher classification
accuracy [37]. Therefore, a weighted cross-entropy
loss function is used to add a certain weight to the
positive sample. For n -th target, the parameter
vector is ^Z1 , Z2 , , Zn ` , then the loss function of i
category is:
Li ¦ ª¬Zi yt ln yp  1  yt ln 1  yp º¼
(8)
In the formula, Zi is the weight of this category,
the proportion of weight in weighted cross-entropy
loss function to positive samples of the category
E Y Y ( Y is the number of positive samples, Y
is the total number of samples) are negatively
correlated. Zi

f E

J

(9)

In the formula, Z I is the normalization
factor, E X I is the energy function.Then the
maximum posterior probability of CRF can be
transformed into the minimization of energy
function. The energy function can be expressed as:
E X I
¦ ei xi  ¦ eij xi , x j
(10)
i

ij

In the formula, ei xi

is the unary energy

function term of a single random variable xi ,
indicates that the random variable xi is the cost of a
certain category. Taking the result of Deeplabv3+
through the Sofmax layer as the input of the unary
energy function, the calculation formula is:
ei xi
1bP xi
(11)

eij xi , x j is the binary paired energy function
term of the two connected random variables xi , x j ,
it represents the consistency cost of the two variable
categories, which can be expressed as a linear
combination of Gaussian kernel functions:
K

eij xi , x j

P xi , x j

¦w

m

k

m

fi , f j

(12)

m 1

In the formula, k m is a Gaussian kernel
function, w m is linear combination weight, P is the
conformance parameter, f i and f j are the feature
vectors of variable xi and x j . For multi-category
segmentation tasks, the two features of color and
position are combined to construct a kernel function,
that is:

1  E E , J is the

weight adjustment factorˈ J

1
exp  E X I
Z I

2Ǆ

k fi , f j

FULLY CONNECTED CRF MODEL

§ P P
i
j
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¨
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2
§ P P
Ii  I j ·
j
¸  w 2 exp ¨  i
2
¨
2T E ¸
2TJ2
¹
©

2

·
¸
¸
¹

(13)
In the formula, I is a 3-dimensional color
vector ˈ P is a 2-dimensional pixel coordinate
vector, TD , T E and TJ are the scale parameters.
The fully connected CRF model connects each
node in the probability graph to any other nodes. The
number of edges in the graph is much larger than that

The encoder-decoder method based on
Deeplabv3+ can achieve high-precision element
segmentation, but the fine-grained segmentation
edge information is still not complete [38][39]. In the
field of image object segmentation, CRF is used to
judge the pixel category. Since the model considers
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of local connections, which will bring a huge
calculation amount [40]. Therefore, the method
based on the mean field approximation is used to
process the reasoning of the fully connected CRF
model, Approximate the K-L divergence of Q X I

the input of the neural network, too small cutting step
size may lead to unbalanced sub-image label
distribution and affect training accuracy. Therefore,
the image and its annotated image are cut into
256*256 sub-images. The source data set is
manually labeled, and the true value of the label has
a certain error with the ground surface, which leads
to weaker labels. The method of expanding the data
set is used to alleviate this situation. Specifically,
OpenCV is used to expand the cutting original and
annotated images , main operations including
rotation (mirror flip along the y axis), noise (adding
salt and pepper noise, Gaussian Noise), light
adjustment (change image brightness, color
saturation, image contrast), and blur operations, the
final dataset contains 100000 256*256 sub-images,
which effectively solves the problem of weak label
data sets through sample expansion.

and P X I by minimizing the mean field, which
can obtain the optimal solution of the model. The
grid search method is used to search and determine
the scale and weight parameters.
After the final classification of image pixels is
inferred by the fully connected CRF method, some
isolated pixels are filtered using morphological
filtering to obtain the final element extraction result.

RESULTS
Keras with Tensorflow as the backend is used
as the development platform to improve Deeplabv3+
network. Google's Tensorflow is one of the most
popular deep learning development frameworks in
the industry. Keras is an easy-to-use high-level
abstract deep learning framework, its backend can
support switching among CNTK, Tensorflow and
Theano. The third-party libraries used in the
experiment including Tifffle for reading remote
sensing image data, OpenCV for basic image
processing, shapely for processing polygon data,
matplotlib as a visualization tool, and scikit-learn
that provides basic machine learning methods. The
server adopts Sugon W560-G20 workstation, the
CPU is E52650v3, the running memory is 32GB, and
the GPU is NvidiaGTX1080Ti.

FIGURE 4
Some training set image

Data Sets. The training data comes from a dataset of high-resolution UAV remote sensing images
for a rural area in southern China in 2019. The resolution is sub-meter and the spectrum is visible light
(RGB). The training samples are divided into 5 categories: vegetation, Buildings, water bodies, roads,
and others. Cultivated land, woodland, and grassland
are all classified as vegetation. The remote sensing
image information labeling table is shown in Table
1, where R, G, and B represent red, green, and blue
respectively.

Evaluating indicator. Mean Intersection Over
Union (MIoU) is usually used to evaluate the
performance of rural land information extraction in
remote sensing images. Assuming that there are k  1
categories in image segmentation (including a
background category), MioU is expressed as:
pii
1 k
M MIoU
¦
k
k
k 1 i 0
¦ pij  ¦ p ji  pii
j 0

i 0

(14)
In the formula, pij represents the number of
images that belong to category i and are predicted to
be category j , pii indicates the number of real cases,
pij and p ji are the number of false positives and false

TABLE 1
Information annotation of remote sensing image
Label color ( R, G, B )
Sorts
Other
(0,0,0)
Vegetation
(50,205,50)
Buildings
(245,254,0)
Roads
(255,92,75)
Water
(0,255,255)

negatives respectively. The above formula can be
used to determine the degree of target acquisition
and the accuracy of the model.
In addition, the recall rate was used to evaluate
the effect of remote sensing image information
extraction in different networks in rural areas. The
calculation formula is:

The data set consists of 5 large-size and highresolution remote sensing images, the size is too
large and inconsistent. It cannot be directly used as

312

© by PSP

r

Volume 30– No. 01/2021 pages 306-316

¦p
¦ p ¦ p
ii

ij

Fresenius Environmental Bulletin

of leaflet influence inference decreases rapidly. Thus,
determining T E 1 . In the same way, model can
achieve optimal solution when the parameters
w(1) 1 Finally, it was determined that TD 20 ,

(15)
ji

CRF-parameter selection and analysis. Since
TJ and w(2) are applied to filter small areas and have
little impact on the accuracy of information
extraction, the values are set to a constant value of 1.
The grid search method was used to compare the TD ,

TE

1 and w(1) 1 were the optimal parameter
combinations, and the MioU value reached 80.15%,
which was an increase of 0.21% compared to the
absence of CRF.

T E and w(1) parameters, the experiment results are
shown in Figure 5.

Comparison with other methods. In order to
demonstrate the extraction effect of the proposed
method, we compared our model with the methods
in [13],[19], and [22]. The information extraction
results of remote sensing images of a rural area in
southern China are visualized, the details are shown
in Figure 6 and Figure 7.
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FIGURE 6
Comparison of extraction results on different
methods
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FIGURE 7
Comparison of extraction results of different
methods

consider the impact of the value of TD on MIoU, as
shown in Figure 5(a). when TD 20 , MIoU achieves
the best results. In Figure 5(b), single images infer
that the average decline is slower when TD 20 ,

Compared with other methods in the above two
Figures, the extraction results based on improved
Deeplabv3+ can minimize the misclassification,
which is the closest to the true value. The algorithm
achieves more intuitive effect and optimal overall
visual perception.
In addition, the experimental loss and accuracy
curves of different methods are shown in Figure 8.

thus determined TD
w

(b)Ref.[19]

Raw label
visualization results

FIGURE 5
Parameter comparison results

(1)

(a)Ref.[13]

20 . Then fixed TD 20 ǃ
1 , consider the impact of value T E , figure 5(a)

shows that when T E =1MioU is the optimal, and it
decreases faster with T E increasing. Figure 5(b)
shows that when T E =1the average time consumption
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In general, the lower the loss, the higher the
accuracy, which indicates that the better extraction
performance of the method. Considering overall
factors such as training oscillation degree, network
segmentation efficiency, convergence speed, etc.,
the proposed method always show the best
performance. The channel attention mechanism and
ASPP are connected in parallel to extract features in
the improved Deeplabv3+ network, which
effectively reduces the loss of detailed information.
Meanwhile, a 1×1 convolution kernel is introduced
to realize cross-channel aggregation, further
reducing the dimension and the amount of
parameters. The introduction of these strategies
makes the network model more stable, reduces the
training oscillation frequency, and makes the
extraction of rural land information from highresolution remote sensing images more accurate.

(a) Loss & accuracy of Ref.[13]
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(b) Loss & accuracy of Ref.[19]

1.4
1.2
1.0
0.8

CONCLUSION

0.6

To improve the extraction of rural land information from high-resolution remote sensing images
and alleviate the problem of unbalanced categories
in remote sensing data, a method of extracting rural
land information from high-resolution remote sensing images based on an improved Deeelabv3+ network is proposed. The channel attention mechanism
is introduced into the Deeplabv3+ network and connected in parallel with ASPP to accurately extract rural land information in remote sensing images.
Meanwhile, the fully connected CRF is adopted for
reasoning to obtain boundary information. The proposed method was experimentally demonstrated by
using a high-resolution UAV remote sensing image
set from a rural area in southern China. The results
show that the average MIoU value of the proposed
method reaches 80.15%, which is the closest to the
true value compared to other methods. The effect of
algorithm extraction is more intuitive and has the
best visual sense, our model also get the best performance in the conditions of small calculation amount
and less running program time.
Our future work will consider using model
compression and network pruning technology to optimize the improved Deeplabv3+ algorithm, lightweight the model while ensuring that the performance of the network is basically unchanged. Meanwhile, we will also increase the research on other aspects of remote sensing image, such as road network,
waterway, farmland extraction and so on.
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DYNAMIC MONITORING OF ECOLOGICAL ENVIRONMENT QUALITY OF LAND CONSOLIDATION BASED ON
MULTI-SOURCE REMOTE SENSING DATA AND RSEI
MODEL
Shaofan Wei*, Yalan Mo, Pu Wen
Guilin Tourism University, Guilin, Guangxi, 541006, China

ABSTRACT

INTRODUCTION

Land consolidation and ecological transformation are the inevitable trend of land consolidation development. It is very important to carry out
scientific, reasonable, long-term and comprehensive
monitoring of ecological environment quality in the
study area. Therefore, a dynamic monitoring of
ecological environment quality of land consolidation based on multi-source remote sensing data and
RSEI model is proposed. Firstly, Taking Xiong’an
New Area as the research area, according to the
data sources of Landsat TM and OLI remote sensing images, the multi-source remote sensing data
were preprocessed by ENVI5.1 software, so as to
correct the distortion caused by atmospheric quality
and sensor sensitivity. Then, the (RSEI was constructed by principal component analysis (PCA),
which was integrated into the four indicators of
greenness, humidity, dryness and heat, so as to
evaluate the changes of eco-environmental quality
in the process of renovation of Guilin city. Finally,
based on the remote sensing data of Xiong’an New
Area from 2005 to 2019, the results show that:
humidity and greenness index have a positive effect
on the eco-environmental quality of the project
area, while the heat and dryness index have a negative effect, and the impact of the dryness index is
the largest; the ecological environment quality of
Xiong’an New Area presents the trend of "first
decline, then rise, overall decline", which is shown
as follows“ The results show that the disturbance of
land consolidation to the ecological environment of
the city is persistent.

With the development of society, the relationship between human activities and ecological environment is becoming more and more close, and the
contradiction between population, resources and
environment is becoming more and more prominent[1]. Land resources are the material basis,
space carrier, energy source and component elements of green development. Under the requirements of the construction of ecological civilization,
land consolidation in China has gradually changed
from increasing the number of cultivated land to
focusing on the protection of the quantity, quality
and ecology of cultivated land[2]. The rapid development of urbanization has accelerated the serious
damage caused by human activities to the surface
environment, and ecological environment problems
such as air pollution, water pollution, land degradation and reduced vegetation coverage are becoming
more and more obvious. The ecological environment provides natural resources, space environment
and basic material conditions for human beings,
which is the basic guarantee of human existence
and the material basis of social development, but in
the process of the continuous development of human society, the pollution and destruction of ecological environment is becoming more and more
serious[3][4]. As the largest developing country in
the world, China's urban environmental quality is
not optimistic. Accurate assessment of the regional
ecological environment conditions is conducive to
policy makers to understand the status the current
situation of regional ecological environment, and to
take positive measures to better achieve regional
sustainable development [5] [6].
Due to the limitation of subject areas and research methods, there is not yet a perfect and suitable for different regions of the ecological environment quality evaluation system, the general and
mature ecological environment evaluation system is
still in constant exploration and development. From
the research and development status analysis of
eco-environmental quality assessment, some developed countries have developed from the stage of
investigation, classification and mapping to the

KEYWORDS:
Dynamic monitoring of ecological environment quality,
Multi source remote sensing data, Remote sensing ecological index (RSEI) model, Principal component analysis, Land consolidation
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stage of environmental simulation, monitoring,
evaluation and management [7][8]. At present,
remote sensing technology has been widely used in
the field of ecological environment because of its
advantages of fast, real-time and large-scale monitoring, and it has become an effective means to
evaluate the regional ecological environment.
Based on the advantages of remote sensing technology can be monitored quickly, long-term sequence monitoring and not limited by social and
economic data, it can provide a basis for decision
makers to evaluate the ecological environment
quickly [9][10]. With the rapid development of
"3S" technology and computer technology, the
study of ecological environment quality evaluation
has also entered a period of rapid development. At
present, the evaluation of ecological environment
quality is currently studied, and the evaluation of
regional ecological environment quality is mainly
static evaluation, and is limited to a certain area in a
specific period [11] [12]. Dynamic monitoring,
analysis and discrimination of environmental quality are more conducive to formulating corresponding
environmental protection strategies and understanding the dynamic changes and trends of the environment [13][14].

ecosystem in Ordos and to analyses the characteristics of ecosystem quality, trends in space-time
changes from 2000 to 2010, and factors to determine these factors. Therefore, it is particularly
important to evaluate the regional ecological environment from the comprehensive role of multiple
ecological factors. In recent years, scholars have
proposed a new RSEI (Remote sensing for the ecological index). RSEI is based on remote sensing
information, integrates the most intuitive multiindicators reflecting the ecological environment. It
can realize the rapid monitoring and evaluation of
regional ecological environment, and has certain
practical significance and high reference value.
Using multi-source remote sensing data, the RSEI
model was constructed through the main component analysis for 6 years of research period, and the
humidity, greenness, heat, dryness index and RSEI
index were monitored. Analysis of the quality of
ecological environment in typical land consolidation projects [19].
More and more attention has been paid to the
monitoring and evaluation of ecological environment quality. There are many methods and models
for ecological environment quality evaluation, including hierarchical analysis, composite index
method, fuzzy comprehensive evaluation method,
coefficient of variation[20], etc., EI (Ecological
Index), AHP hierarchical analysis method, "pressure-state-response" PSR model, DPSIR model
developed on PSR model, and the use of InVEST
model and landscape pattern index for ecological
environment quality analysis and other methods.
But there is no unified standard evaluation system
[21].
The EI model integrates a number of ecological environment-related indices, such as bio abundance, vegetation coverage, water network density,
etc., and is weighted by a certain proportion. Reference [22] proposed a framework for improving the
sustainability of ecological resources, including
three intervention stages: main decision-making
point, process interception point and remediation
point, so as to improve the dynamic monitoring
efficiency and land use efficiency of ecological
resources. The factors selected by PSR model are
mainly related to human activities, which combines
the relationship between human activities and the
pressure, state and response of natural state to evaluate ecological carrying capacity [23]. In reference
[24], RSEI is constructed based on satellite data
obtained from Landsat 5 / TM (thematic mapper)
and Landsat 8 / OLI (operational land imager) images, combined with meteorological and socioeconomic data, to construct a RSEI for monitoring
the quality of ecological Nanjing City, Jiangsu
Province. The higher the RSEI value, the better the
ecological quality. Overall, urbanization rates and
RSEI showed higher negative correlation values.
The urbanization process in Nanjing has caused a

MATERIALS AND METHODS
The quality of ecological environment is the
comprehensive characteristic of the elements, structure and function of the ecosystem. The quality of
ecological environment reflects the advantages and
disadvantages of ecological environment, which is
affected by different human activities and its feedback effect is different, and is closely related to the
suitability of human living environment development and the sustainable development of society
[15] [16]. The monitoring and evaluation of ecological environment quality is the basis of land and
space planning and land remediation benefit analysis, but it is difficult for administrative management
and scientific research because of its rich connotation, multi-source performance, complex mechanism, scale difference and space-time change
[16][17].
At present, the studies on various kinds of
ecosystem assessment are based on a single ecological environment index, such as monitoring forest
ecosystem by vegetation index, extracting water
body index to obtain river information for water
environment assessment, and assessing urban heat
island effect by using surface temperature. In fact,
the formation and development of ecosystem is
affected by many factors, and a single ecological
factor cannot objectively and comprehensively
reflect the change of ecological environment. The
[18] uses remote sensing data and GIS techniques
to assess the characteristics and patterns of the

318

© by PSP

Volume 30– No. 01/2021 pages 317-329

Fresenius Environmental Bulletin

downward trend in ecological quality, which indicates the need for strong protection measures to
maintain or improve its ecological environment.
The above model uses the indicators related to
human activities, and evaluates the ecological environment carrying capacity and ecological safety
problems after the index is given weight by expert
scoring, experience coefficient and so on, and is
widely used, but there are still some limitations
[25]. For example, there are differences in the suitability of the application of human activities indicators in different regions, and for the relatively perfect and accessible areas of social and economic
development such as cities and industries, it is beneficial to carry out the evaluation of ecological
environment quality. On the other hand, it is difficult to obtain the indicators of human activities in
the region has certain limitations, it is difficult to
carry out the overall ecological environment quality
evaluation. Reference [26] proposed an improved
RSEI based on MW-RSEI (Moving Window
RSEI). The use of MW-RSEI provides valuable
information about the ecological environment
around open pit mines, which can be used to monitor the ecological environment of the mine quickly
and efficiently. Reference [27] proposed a water
environment monitoring method based on the new
underwater visibility theory, which is used to retrieve more accurate water quality from remote
sensing reflectance of various waters. In reference
[28], GM (1,1) model is used to dynamically predict the eco-environmental development capacity of
Qingshui River Basin from 2016 to 2020. The results show that the Qingshui River basin has a
strong ecological environment sustainable development capacity, but the ecological carrying capacity is becoming more and more prominent. The
potential sustainability of the ecological environment is facing serious challenges.
Generally speaking, at the project level, ecoenvironmental monitoring is mostly based on statistical data or land use data. It is necessary to improve the pertinence of research scale, the objectivity of data sources, the effectiveness of evaluation
indicators, and the process of monitoring and evaluation by using the comprehensive index method to
conduct qualitative or semi quantitative analysis
around a certain period after the implementation of
the project [29].
Based on the principles of scientific, systematization, representativeness and operability, a dynamic monitoring method of eco-environmental
quality of land consolidation based on multi-source
remote sensing data and RSEI model is proposed
for ecological environment quality monitoring, the
innovation point is:
1) Due to the influence of weather, terrain and
other factors in different years, remote sensing data
processing platform ENVI 5.1 is used to preprocess
Landsat TM and OLI data sources, such as radio-

metric correction and geometric correction, to correct the distortion caused by atmospheric quality
and sensor sensitivity.
2) In order to comprehensively and accurately
evaluate the regional ecological environment quality, an RSEI model of remote sensing ecological
index with four indicators of greenness, humidity,
dryness and heat is constructed, in which the data
are formalized to avoid the imbalance of the result
weight due to different measures.

IMAGE PROCESSING
OF FARMLAND SCENERY
Research ideas. Land consolidation is a process of reorganization and re-optimization of land
resources and their utilization modes. Based on
different stages of rectification, the comprehensive
functions of various projects (land leveling, irrigation and drainage engineering, field road works,
ecological protection projects and other projects)
and their progress, land use methods, land management methods, etc. have many direct or indirect,
favorable or harmful effects on the ecological environment of the project area, and the ecological
environment elements directly affected mainly
include soil, water, biology and so on[30]. In terms
of soil elements, the implementation of land consolidation projects and agricultural production have an
impact on soil physical and chemical properties,
soil biological activities, etc. It has changed soil
moisture, soil temperature, soil structure and texture, affected soil fertility and nutrient cycle, and
may cause soil erosion; In terms of water elements,
the implementation of land remediation projects
and the utilization of facilities affect the allocation
of local water resources, improve the efficiency of
water resources utilization, improve water resources
management and so on; In terms of biological factors, the implementation of land remediation projects and agricultural production have changed the
structure and spatial pattern of vegetation quantity,
and affected the life activities of microorganisms.
In terms of the remediation process, during the
implementation period, the impact of the project
construction disturbance on the ecological environment of the project area is more significant; after
the construction of the project, the soil nature, production capacity and environmental restoration
need a certain recovery period, some studies believe
that this process generally takes 3 to 5 years; after
experiencing a certain stage of recovery, the agricultural production capacity and ecological environment quality of the project area will generally
have a certain degree of improvement.
The response of ecological environment elements caused by land remediation can be reflected
by such indicators as humidity, greenness, heat and
dryness, among which, soil moisture, water re-
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source allocation and so on cause humidity changes; The vegetation type and the soil fertility and
water environment quality, which are closely related to plant growth, cause the change of greenness;
Soil temperature, surface cover and so on cause
heat changes; Soil texture, soil temperature, land
degradation or non-agricultural construction activities may cause changes in soil dryness [31]. In the
realization of technology, information enhancement
technology can be used to extract the characterization information of relevant indicators from remote
sensing images, such as the humidity component of
the tasseled cap transformation, vegetation index
and surface temperature representing humidity,
greenness and heat, respectively; Because buildings
are an important part of artificial ecosystem, buildings do not see through the water to replace the
original natural ecosystem, resulting in the surface
of the "drying", so the use of building (bare soil)
index for "dryness" [32]; In this paper, the RSEI
evaluation model of coupling the above indicators
is used to carry out the dynamic monitoring and
evaluation of the ecological environment quality in
the land remediation project area, in which humidity, greenness, heat and dryness are characterized by
humidity components, naturalized vegetation index,
surface temperature and dryness index, respectively.
The process of obtaining RSEI for the remote
sensing ecological index is shown in Figure 1 and
can be roughly divided into the following steps:
remote sensing image pre-processing, RSEI indica-

tor acquisition, evaluation system construction and
analysis, and the production of thematic maps.
First of all, radiometric correction, geometric
correction and registration are carried out on the
selected images, and the images in the study area
are cropped according to the vector data of the
study area. The geometric images of different phases are registered by quadratic polynomial, and the
registration errors are less than 0.5 pixels; Secondly, four ecological indexes of each image are calculated, and their images are synthesized, and the
newly synthesized images are transformed into
principal components; then, according to the obtained ecological environment evaluation index
statistical calculation value, and according to the
relevant data of the study area to carry on the evaluation analysis; finally, the relevant thematic maps
are produced.
RSEI remote sensing ecological index based
on remote sensing data. The model construction of
the RSEI index requires to the integration of four
components of greenness factor, humidity factor,
dryness factor and heat factor. Therefore, a single
component should be constructed first; secondly,
principal component analysis is used to analyze the
single index, and the first principal component is
taken as the initial state value of RSEI [33]. Finally,
the initial RSEI state value is subtracted by 1 and
normalized to get the final RSEI value, which is the
ecological environment quality result of the study
area.

Radiometric correction
Landsat TMˈOLT
original remote
sensing image

Geometric correction
Remote sensing data
preprocessing

Registration
Inlay

The image of Guilin
after preprocessing
Greenness index
(NDVI)

Humidity index
(WET)

Tailoring

Heat index
(LST)

Dryness index
(NDSI)

evaluation
Index
Principal component
model
normalization
analysis
Data statistics and
result analysis
FIGURE 1
The acquisition process of RSEI
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(1) Greenness factor. The normalized vegetation index NDVI is often used to indicate the physical characteristics of vegetation in the area and is
also the best indicator of habitat change. Combined
with the change trend of vegetation precipitation
utilization rate and NDVI, the ecological degradation area can be identified and the ecological degradation status can be studied. In addition, NDVI is
also one of the important indicators of climate
change. The relationship between NDVI of different vegetation types and climate change in Southwest China shows that there is a strong correlation
between NDVI and climate change. Therefore, the
greenness factor in the RSEI model is characterized
by NDVI:
NDVI J NIR -J Red J NIR  J Red
(1)
Where NDVI is the normalized vegetation
index, J NIR is the near infrared band, and J Red is
the red band.

impermeable properties. The change of underlying
surface also brings many "urban disease" problems,
and the bare soil and construction land are impervious to water, which will increase the regional dryness [35]. Therefore, in the study, the dryness index
NDSI, which is combined with soil index SI and
building index IBI, is used to reflect the change of
dryness.
J SWIR1  J Re d  J Blue  J NIR
SI
(4)
J SWIR1  J Re d  J Blue  J NIR

IBI

0.1511J 1  0.1973J 2  0.3283J 3 
0.3407J 4 -0.7117J 5 -0.4559J 6

ª
º
J NIR
J Gre e n
2J SWIR1
+«
+
»
J SWIR1  J NIR ¬ J NIR  J Re d
J Gre e n  J SWIR1 ¼

(5)

NDSI

SI  IBI 2

(6)

Where NDSI is the dryness index, SI is the
bare soil index, IBI is the building index, J Green is

(2) Humidity factor. The moisture retrieved
from remote sensing data is often used to reflect the
change of soil moisture. If the soil moisture is too
small, the vegetation will absorb less water, so that
the plant water content will be reduced. In addition,
forest fires caused by external factors often occur
and the ecosystem is easy to be destroyed. In addition, soil drought has a great impact on crops.
Therefore, it is particularly important to study the
humidity change of ecological environment [34].
The tasseled cap transformation is an empirical
linear positive change exchange of images based on
soil, vegetation and other spatial information distribution structures in multispectral, one of which is
humidity, which can better reflect the moisture state
of plants and soil, and it is easy to use. Because
there are some differences in the range of band
lengths of Landsat TM and Landsat OLI data, such
as Landsat TM data with a red band wavelength
range of 0.63 to 0.69, and Landsat OLI data with an
infrared band wavelength range of 0.63 to 0.68, the
humidity components based on Landsat series satellite data inversion have different empirical formulas, as follows:
WETTM 0.0315J 1  0.2021J 2  0.3102J 3 
(2)
0.1594J 4 -0.6806J 5 -0.6109J 6

WETOLI

ª
º
2J SWIR1
J NIR
J Gre e n
-«
+
»
J SWIR1  J NIR ¬ J NIR  J Re d
J Gre e n  J SWIR1 ¼

the green band, J Blue is the blue band, and J SWIRI is
the far-infrared band.
(4) Heat factor. The transformation of land
cover leads to the change of heat radiation and a
series of urban heat island effects arising from
greenhouse gas emissions from human activities,
which affect the change of ecological environment.
For example, by studying the changes of surface
temperature and urban landscape environment, the
response relationship between human activities and
habitat is explored [36]. Therefore, surface temperature, as an index of heat, has strong reliability.
The change of surface temperature is inversed by
atmospheric correction method. The specific formula is as follows:

LO = ª¬H B LST  1-H L p º¼ W  L n
ª¬ LO -L n -W 1-H L p º¼ WH
B LST
LST

K 2 ln K1 B LST  1

(7)
(8)
(9)

Where LO is the thermal infrared radiance
value, H is the surface emissivity, LST is the real
surface temperature, B LST is the blackbody
thermal radiance, W
L p are the upward
atmosphere
TM: K1 607.76W

(3)

Where WETTM and WETOLI are the humidity
components of Landsat TM and OLI remote sensing images respectively, and J 1 -J 6 represents the
spectral reflectance of blue, green, red, near infrared and short wave infrared 1 and short wave infrared 2 bands respectively.

˗
K1

is the transmittance, L n and
and downward radiance of the
respectively.
Landsat
2
m  Pm  sr , K 2 1260.56k

Landsat
2

774.89W m  Pm  sr , K 2

OLI:

1321.08k .

The RSEI model consisting of the four indicators of green, wet, dry and heat, which is intuitively
felt by human being, and determine the weight of
the index by the main component analysis, which
can be used to evaluate the quality of ecological

(3) Dryness factor. The acceleration of urbanization has transformed land-use types such as
farmland and forest land into construction land with
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environment qualitatively and quantitatively. In
order to unify the single indicator, a single indicator
needs to be treated as a normalization. The main
component analysis is then performed and the first
primary component with the largest variance is
retained, the initial value of RSEI, and the value
after the initial RSEI normalization. According to
RSEI research results, it is divided into five grades
of difference (0 0~0.2), poor (0.2 ~0.4), general
(0.4 ~0.6), good (0.6 ~0.8) and excellent (0.8~ 1) to
analyze the changes in the ecological quality of
Xiong'an.

about 200 square kilometers in the medium-term
development area, and an area of about 2000 square
kilometers in the long-term control area. Xiong'an
New Area has obvious location advantages, convenient transportation, excellent ecological environment, strong carrying capacity of resource environment, low level of existing development, abundant development space, with a high starting point
of high standards of development and construction
of the basic conditions. The spatial distribution of
the remote sensing ecological index of Xiong'an
New Area between 2005 and 2015 is shown in
Figure 2.
Figure 2 shows that by 2005, after nearly 10
years of urbanization construction, the building area
has gradually expanded. Nearly half of the areas in
Anxin and Xiongxian are areas with poor ecological quality, mainly distributed in the periphery of
the urban center, and the ecological environment
quality in the northern part of the whole Xiong'an
New Area has decreased significantly. By 2015,
with the reduction of the area of Baiyangdian waters and the continuous construction of urbanization, the areas around Baiyangdian with better ecological quality were gradually replaced by areas
with poor ecological quality, and ecological quality
deteriorated. The spatial distribution of RSEI at all
levels in the Xiong'an New Area between 2005 and
2015 is shown in Figure 3.

OVERVIEW AND
BASIC DATA OF THE STUDY AREA
Overview of the study area. Xiong'an New
Area is located in the hinterland of Beijing, Tianjin
and Baoding. It has obvious location advantages,
convenient traffic, good ecological environment,
strong carrying capacity of resources and environment, low level of existing development, abundant
development space and basic conditions for high
starting point and high standard development and
construction.
The planning and construction of Xiong'an
New Area is developed in a specific area, with an
area of about 100 square kilometers, an area of

N
0

8 16

24 km

RSEI
1
0
2015

2005

FIGURE 2
Spatial distribution of RSEI in Xiongan District
N
0
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16

Level 1 (0~0.2)
Level 2 (0.2~0.4)
Level 3 (0.4~0.6)
Level 4 (0.6~0.8)
Level 5 (0.8~1.0)

FIGURE 3
Spatial Distribution Of Each Level RSEI In Xiongan District
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As can be seen from Figure 3, in 2005, with
the further expansion of urban construction and the
significant reduction of the area of Baiyangdian
waters, most of the areas of ecological quality excellence in Rongcheng and Anxin counties were
converted to good grades. In 2015, poor, medium
and poor grades accounted for most of the study
areas, and the excellent and good grades were significantly reduced in 2005, particularly in the
southern and eastern parts of the mainly wooded
and woodland prefectures, where ecological quality
has also been severely damaged; The area where
ecological quality is poor is gradually expanded
outside the town, and the ecological quality of the
area where some agricultural land is located has
been affected to some extent.

(2) Normalization of Indicators. Each evaluation index will have different units in the calculation process, so to avoid this, normalize each index
before making principal component analysis [33].
Normalized processing of deviation standardization
technology, so that each index value becomes dimensionless and ranges in [0,1], and then principal
component analysis. Normalization can avoid the
weight imbalance of results due to different scales,
and can reduce the difference shaved by remote
sensing images due to different seasons. The formalization of the indicators is as follows:
NI i
I i  I min / I max  I min
(12)
in the formula, NI i is the value of a formalized
indicator, I i is the value of the indicator at cell i,

I max is the maximum value of the indicator, and
I min is the minimum value of the indicator.

Remote sensing data processing and calculation methods. (1) Remote sensing image preprocessing. After obtaining the remote sensing
image data, the software ENVI 5.1 (The Environment for Visualizing Images) is used to pre-process
the various remote sensing image data, including
radiometric correction, geometric correction, seamless mosaicking, registration, clipping, etc. The
main steps are to eliminate or correct the distortion
caused by sun height, atmospheric quality and sensor sensitivity in the image data. Radiometric correction uses Chander and Cavez's models and parameters to convert the image's gray scale (Digital
Number, DN) to its corresponding thermal radiation
intensity (Radiance), thereby reducing the effects of
images from different years on light, atmosphere,
terrain, and so on[37]. Multispectral band radiometric calibration is divided into two steps: radiometric calibration and atmospheric calibration. The
calibration tools and atmospheric calibration tools
provided by ENVI 5.1 software can be used directly. Thermal infrared data needs to be manually
calibrated with gain and offset parameters.
The thermal infrared data for Landsat 8 needs
to be manually calibrated in conjunction with the
Gain and Offset (Bias) parameters, with the following calibration formula:
GBO M GB u Qcal  AGB
(10)
Where the gain M GB and AGB values are obtained directly from the image metadata file, and
Qcal is the cell gray value DN, which is also
known.
After obtaining this parameter from the associated image metadata file, the thermal infrared
bands are scaled as follows:
GBO 3.3420 E 04 u DN  0.1
(11)
The study area is cropped by the boundary of
the administrative division of Xiong'an. Image of
different periods, using the secondary polynomial
and closest cell method for registration, to ensure
that the equal square root error of registration is less
than 0.5 cells.

(3) Main component analysis and transformation. After processing the four indexes with
normalization technology, each index is combined
into a new image with the help of ENVI 5.1 remote
sensing software, and principal component analysis
is performed on it. According to the cumulative
contribution rate of each principal component analysis and the research needs, the principal components with higher contribution of eigenvalues are
retained and the principal component transformation is carried out [38]. In order to make the
value in the changed image represent the quality of
the ecological environment (the larger the value, the
better the ecological environment), the following
transformation can be used to obtain the initial
ecological index RSEI0.
RSEI 0 1  PC f NDVI , WET , NDSI , LST (13)
Where RSEI 0 is the initial value of RSEI and
PC is the first principal component of NDVI,
WET, LST and NDSI after principal component
transformation.
To facilitate the comparison between the ecoenvironmental quality indices, the initial remote
sensing eco-index RSEI0 is also normalized as
follows:
RSEI 0  RSEI 0 min
RSEI
(14)
RSEI 0 max  RSEI 0 min
In the formula, RSEI 0 _ min and RSEI 0 _ min are
the minimum and maximum values of the initial
values of RSEI , respectively. RSEI is the required
remote sensing ecological index, its value range is
[0,1], and the larger the RSEI value, the better the
ecological environment quality.
(4) Indicator calculation. According to the
calculation method of each index, the related index
of each phase image can be obtained. Because of
the study of more rivers, rivers and lakes in the
region, in order to improve the accuracy of humidi-
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ty index, avoid large area of water impact experimental results, the use of improved MNDWI (Modified Normalized Difference Water Index) to mask
the water body information in the image, and then
the main component of the new image transformation, formalization, and finally get the study
needs of the various phase stomp remote sensing
ecological index RSEI image.
It is worth noting in the experiment that although the RSEI index can be obtained through
remote sensing data processing, the process of data
pre-processing must be operated strictly by reference to remote sensing image processing specifications [39]. Landsat satellite sensors have many
types and different sensor parameters, so when
processing images of different phases, atmospheric
correction processing is necessary, and the DN
value of the original image is converted to reflectivity before subsequent operations are performed[40].
When selecting the process of calculating the formula, the corresponding parameters and formulas
must be selected according to the sensor model,
which requires that the DN value scant instead of
reflectivity and vice versa.

for each year, indicating that the RSEI indicator is
more representative than the single indicator.
TABLE 1
Correlation matrix among RSEI and 4 factors
Stage

Index
WET
Before NDVI
land
LST
consol- NDSI
idation
U

WET NDVI
1.000 0.751
0.751 1.000
-0.604 -0.528
-0.838 -0.767
0.731 0.683

LST
-0.604
-0.528
1.000
0.872
0.695

NDSI
-0.838
-0.767
0.872
1.000
0.826

RESI
0.838
0.849
-0.832
-0.957
0.839

WET
After NDVI
land
LST
consol- NDSI
idation
U

1.000 0.696
0.696 1.000
-0.634 -0.508
-0.848 -0.772
0.754 0.661

-0.634
-0.508
1.000
0.815
0.673

-0.848
-0.772
0.815
1.000
0.807

0.838
0.813
-0.932
-0.967
0.858

0.654

0.817

0.849

Mean correlation
0.737
of 3 years

0.672

Spatial and temporal changes of ecological
environment quality. The variation of the above
RSEI model and the calculated values of the four
components over different years is shown in Figure
4.
0.85

NDVI
WET
NDBI
LST
RSEI

0.80

RESULTS
Value of each index

0.75

This study, with the help of ENVI 5.1 remote
sensing software and SPSS (Statistical Products and
Service Solutions) data analysis tools, synthesized
the new eco-quality index RSEI through the main
component transformation to evaluate the effectiveness of land remediation in Xiong'an New Area.

0.70
0.65
0.60
0.55
0.50
0.45

Remote Sensing Ecological Index Evaluation Model Test. Correlation coefficient is used to
test the applicability of the model, the closer the
correlation value to 1, it is shown that the higher the
comprehensive representation of RSEI, the stronger
the suitability of the model. The calculation is as
follows:
UQ  U R  U S
(15)
U
n 1
In the formula, P, Q, R and S refer to the indicators for correlation analysis, U is the average
correlation degree of index P , UQǃU RǃU S is the
correlation coefficient of indicators P, Q, R and S in
the same period, and N is the number of indicators.
The correlation coefficients between each index and RSEI, as well as the correlation coefficients between each index, are shown in Tab. 1.
As can be seen from the above table, for single
index, the highest correlation between indicators is
NDSI, and the average value of the two stages is
0.817; this was followed by WET, LST and NDVI,
with the means of each stage being 0.737, 0.672
and 0.654, respectively. The correlation coefficients
of RSEI and the four indicators are greater than 0.8

0.40
0 2002

2007

2012

2017

2019

FIGURE 4
Single indicator and RSEI average during
2002-2019
As can be seen from the above figure, the process of change of ecological environment quality in
Xiong'an shows the trend of rising-decrease-updown in the quality of ecological environment in
2002-2019, which fluctuates in the general range.
Among them, the quality of ecological environment
decreased in 2012 due to the impact of meteorological drought, and decreased by 9.6% compared with
2007.
Average changes in the value of each component indicator (after normalization): the average of
the green degree indicator NDVI for 2002-2019
shows the trend of upward and then downward,
with the lowest NDVI average in 2012 being 0.5;
The humidity index WET showed a downward
trend on the whole, with a low value of 0.55 in
2012; The change trend of the dryness index
NDBSI is inversely proportional to the trend of
RSEI; The heat indicator LST is on the rise in gen-
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eral, with a turning point in 2012 and a low LST of
0.55. In general, although the change of the ecological environment quality of Xiong'an has ups and
downs, but the range of fluctuations remains in the
general state, the quality of the ecological environment in general.

ties and cities: Xiong County, Anxin County,
Rongcheng County, Gaoyang County and Renqiu
City. The RESI index statistics are shown in Figure
6.
1

Percentage change of ecological environment quality. In different years, the grade changes
of ecological environment quality are shown in
Figure 5.

Percentage of the total area / %
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FIGURE 6
Guilin city districts and counties RSEI index statistics figure

60
30

Anxin District
Gaoyang District

0.80

RSEI index value

Excellent
100

Xiongxian District
Rongcheng District
Renqiu District

25

40

As can be seen from the above figure, the RESI index of each district and county in Xiong'an
fluctuated from 2005 to 2019. From 2005 to 2010,
the RESI index values of most districts and counties
in Xiong'an showed an increasing trend, indicating
that the overall ecological environment quality has
been improved. From 2010 to 2015, all cities
showed a downward trend, indicating that the ecological environment in Xiong'an has been seriously
damaged in recent years. Compared with 2010, the
quality of the city's ecological environment improved, and the RSEI index of each city is on the
rise.
Before 2005, the overall idea of Xiong'an development plan was to focus on the development of
internal water sources, with dense buildings and
concentrated population. Compared with the surrounding districts and counties, the RESI index was
lower and the ecological environment quality was
poor. Since 2005, Xiong'an has been developing
vigorously, and the pressure on the ecological environment has been relieved. At the same time, the
government has carried out a number of environmental governances works, such as returning farmland to forest, land consolidation, building parks,
increasing the urban vegetation coverage, etc.,
which has improved the quality of the ecological
environment. Until 2015, the rapid expansion of the
construction area of Xiong'an City, the population
increased dramatically, more land around urban
areas were occupied by buildings, urban ecological
environment by human influence and a downward
trend, the city's ecological environment improved,
the district and county RSEI ecological index has
increased.
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FIGURE 5
Percentage of ecological environment quality from 2002 to 2019
As can be seen from the above figure, the percentage of areas with poor ecological environment
quality (0 ~ 0.2) and excellent ecological environment quality (0.8 ~ 1) is relatively small, accounting for about 10%. Among them, the proportion of
excellent ecological environment quality will increase from 2017 to 2019, reaching more than 15%;
about 30% of the total area is of general ecological
environment quality, with an area of 8340 km2,
accounting for the largest proportion; about 50% of
the total area is in poor (0.2 ~ 0.4) and good (0.6 ~
0.8) levels. The area change of eco-environmental
quality from 2002 to 2019: the area of improvement
is 6266.06 km2, the unchangeable area is 7986.18
km2, and the area of variation is 6429.89 km2,
accounting for 30%, 38% and 31% of the total area
respectively. Among them, the change of ecological
environment quality level: the main performance of
poor ecological environment quality is general to
poor, good to general grade change, accounting for
9.63% and 7.02% of the total area respectively; The
quality of ecological environment has changed well
in the general to good, good to excellent grade
change, accounting for 6.90% and 7.52%, respectively. On the whole, the eco-environmental quality
and environmental condition of Xiong'an are stable.
The RSEI index chart of the districts and
counties of Xiong'an. Xiong'an includes five coun-
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Xiong’an City, the results show that: (1) NDVI and
WET play a positive feedback role on RSEI,
whereas LST and NDSI play a negative feedback
role. Among them, dryness index has a greater
impact on the ecological environment quality,
which is the main reason affecting the ecological
environment quality; (2) The ecological environment quality in Xiong’an shows a situation of "descending first, then rising then decreasing overall".
It shows the overall characteristics of "deterioration
in the renovation period, improvement in the recovery period, and deterioration in the whole process".
The disturbance of the ecological environment in
the project area by land renovation is persistent.
Because the implementation of land consolidation projects and subsequent agricultural production
have changed soil moisture, soil temperature, soil
structure and texture, which affects soil quality, and
the evaluation indicators in the study only reflect
soil moisture and soil temperature, the comprehensiveness and effectiveness of soil fertility monitoring still needs to be improved. In addition, the results of the evaluation of the ecological environment of Xiong'an in the study are derived from the
calculation value of RSEI, which only represents
the quality and development trend of the city's
ecological environment to a certain extent, and the
ecological environment quality and urbanization
level, economy and geography are very closely
related, so in the future research needs to integrate
the economic, geographical, cultural history, ecology and other fields, the broad-based, comprehensive
research of various disciplines.

The change trend of each index and RSEI.
On the basis of the present study, taking five years
as a step, the average value from 2000 to 2015 and
the TREND function in Excel are used to predict
the ecological environment quality of Xiong'an in
2020, and the change trend of each single index and
RSEI is obtained, as shown in Figure 7.
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FIGURE 7
Trends of various indicators and RSEI
The results show that the eco-environmental
quality of Xiong'an in 2020 is slightly lower than
that in 2017, the green and heat components are
decreased, while the humidity and dryness components are improved. Therefore, in the construction
of the ecological environment of Xiong'an, the
government should further strengthen the protection
of the ecological environment, improve the forest
coverage, and strengthen the management of forest
resources development. In the process of urban
construction, strengthen the greening construction
of cities, select landscape plants suitable for local
planting, reduce the risk of freezing plants due to
low temperature weather, reduce investment in
ecological construction, and promote the harmonious development of economic and ecological environment quality.
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ABSTRACT

INTRODUCTION

The development and research of shale gas is
already a hot topic in unconventional natural gas research. This paper takes the late Paleozoic shale formation of the sea-land transitional facies as the research object. Starting from the study of the pore microstructure, the porosity and characteristics of the
shale reservoir Carry out research on unconventional
natural gas accumulation factors, focusing on the microscopic pore and fracture system of methane in
shale reservoirs and their mutual migration characteristics. The following results have been achieved:
joints and fractures in different lithological reservoirs in the study area are relatively developed,
forming a more complex fracture network system.
Under the microscope, the reservoirs are generally
denser, with well-developed fissures, larger lengthto-width ratios, and smaller openings. The correlation between the porosity of the lithological reservoirs in the study area is poor. As a whole, the correlation between the porosity and permeability of different lithological reservoirs in the study area is poor,
but there is a weak positive linear correlation overall.
Dark mudstone reservoirs are easier to adsorb in low
pressure areas. In high pressure areas, the adsorption
capacity of coal reservoirs increases at a slower rate
as the pressure increases. In the process of production and development of this type of reservoir, the
gas production under the unit pressure drop in the
early stage will be lower. Only after the pressure is
reduced to a certain level, the gas production will increase rapidly.

With breakthroughs in basic theoretical research and development technologies that restrict the
large-scale development of unconventional natural
gas, the large-scale development of unconventional
natural gas in the United States has brought about a
revolution in the global natural gas field. This has
made up for the decline in conventional natural gas
production, and has quietly raised the world of unconventional natural gas research [1]. With the rapid
development of China's national economy, energy
demand is increasing, and the oil and gas supply gap
is getting bigger. If unconventional natural gas exploration and development can make breakthroughs,
it will make important contributions to my country's
energy supply, demand and structure [2]. The progress of the research and development of the three
major unconventional natural gas in my country varies rapidly [3]. Tight sandstone gas is traditionally
classified as conventional natural gas. It started earlier and has a relatively high degree of exploration
[4-6]. Many large and medium-sized tight sandstone
gas fields have been built in Sulige, Daniudi, and
Western Sichuan. After more than 10 years of exploration and development, coalbed methane has been
The Qinshui Basin and Hedong Coalfield in Shanxi
Province have achieved commercial development.
At present, the Fukang area of Xinjiang and the
Fuxin area of Liaoning are accelerating the development of coalbed methane and gradually moving towards commercialization. Although shale gas started
the latest, it is currently in some areas. Commercial
development and utilization have been realized [711], but the research, exploration and development
process has been significantly accelerated, Sinopec
Fuling shale gas field continued to make major
breakthroughs in the first half of 2014, with daily
production reaching a new high of 300×104m3, and
reaching an annual production capacity of
10×108m3[12-14].
Taking the Late Paleozoic shale strata of the
marine-terrestrial transitional facies as the research
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Shale, marine-terrestrial transition phase, pore microstructure, methane occurrence characteristics
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object, starting from the study of the pore microstructure, the research is carried out on unconventional natural gas accumulation factors such as porosity and reservoir characteristics in shale reservoirs,
focusing on the study of methane in shale reservoirs.
The microscopic pore and fissure system in and its
mutual migration characteristics.

samples of sandstone, mudstone, carbonaceous mudstone and coal samples from Well Eye 1 were selected for mercury intrusion test.

RESULTS
Pulse permeability test results. The permeability values of different lithological reservoirs in the
study area vary greatly (Figure 1). The permeability
of sandstone reservoir samples is relatively highest,
mainly ranging from 0.01 to 0.05×10-3 um2, and the
highest is 0.174×10-3 um2. The average value is
0.075×10-3 um2; the permeability value of coal reservoir samples is between 0.001~0.087×10-3 um2, and
the average value is 0.027×10-3 um2; compared to
coal reservoir samples and sandstone reservoir samples, the color is dark Mudstone has high mud content, low porosity, tight cementation, and low permeability. The permeability of dark mudstone reservoir
samples in the study area is mainly between
0.001~0.065×10-3 um2, except for some high-value
samples (The permeability of SW-1 is 0.154h10-3
um2), and the average permeability of dark mudstone
reservoir samples is 0.016×10-3 um2, from the five
largest shale gas fields in the United States and the
southern marine Qiongzhusi and Longmaxi formations According to the research and development
practice of shale reservoir physical properties, the
permeability of shale reservoirs is very low. If the
mudstone reservoirs develop natural fractures or
sandstone, sandstone interlayers, limestone lenses,
and interbeds of different lithologies can improve
mudstone permeability Rate plays an important role.

MATERIALS AND METHODS
Pulse Permeability Experiment. This article
uses the pulse attenuation method to test the permeability of the sample. The pulse attenuation permeability meter (PDP-200) can measure the permeability
in the range of 0.00001 to 10×10-3 um2. This system
is an ideal instrument for directly measuring the permeability of the cap layer, low permeability layer
and other low permeability porous media.
Scanning Electron Microscope Experiment.
In this paper, the cracks observed with the help of a
microscope are specifically referred to as microcracks. It is expected that through the observation
of the microscopic fractures, the development of the
fractures in the study area can be qualitatively described. The AXIO IMAGER type microphotometer
produced by German ZEISS company is used.
High Pressure Mercury Intrusion Experiment. The experiment uses the United States MICROMERITICS INSTRUMENT company 9310
mercury intrusion microporous tester. In this study,

FIGURE 1
Permeability analysis results of different lithological reservoirs in marine-continent transitional facies.
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FIGURE 2
Development characteristics of rock micro-cracks.
low porosity (<10%) and low permeability
ȝm2). Different lithological reservoirs usually have primary and secondary pores at the same
time. The primary pore system is composed of very
fine pores, forming a large amount of internal surface
area, thereby providing potential adsorption sites to
store a large amount of gas, but the primary pore system. The permeability is very low. The porosity of
different lithological reservoirs in the Upper Paleozoic is between 0.1572%-13.802%, and the average
is 3.86%. Its frequency is mostly distributed in the
two ranges of porosity>4.0% and <2.0% (Figure 3).
To 85.1%. The porosity of different lithological reservoirs is at a medium to high level. On the whole,
the Upper Paleozoic reservoirs in the study area have
good porosity, which is conducive to the enrichment
of unconventional gas reservoirs. The average porosity of tight sandstone reservoirs Compared with dark
mudstone reservoirs and coal reservoirs, both are
higher, and have a greater contribution rate to the porosity of unconventional natural gas reservoirs.

Scanning Electron Microscope Observation
Results. The endogenous fissures in the marine-terrestrial transition phase reservoirs are relatively developed, mainly distributed in the vitrinite formation
in dendritic and networked forms (Figure 2(a)); in
addition, the tissue pores, breccia pores, and intercrystallite pores are also relatively developed,
mainly distributed in the inert group and structural
vitrinite (Figure 2(b)). The mudstone has small particles and dense cementation. Some rock samples are
relatively smooth under the microscope (Figure 2(c)),
without obvious mineral and fracture development
characteristics; the mudstone micro-cracks mainly
extend in a single direction (Figure 2(d)) and many
Strip fractures are mainly distributed across (Figure
2(e)), and some of the microscopic fractures are
filled by minerals (Figure 2(f)). Sandstone mainly
develops intergranular pores, intergranular dissolved
pores, intragranular dissolved pores, remaining primary pores and a few microcracks. Among them, intergranular dissolved pores account for about 30% of
the pore volume, and most of them are not Regular
shape, large pore throat, good connectivity, and improved porosity. It is the most important pore type of
sandstone reservoirs in this area. The dissolved pores
in the grains are mostly honeycomb-shaped, connecting other types of pores, increasing the pores and
permeability of the reservoir. The pore size of such
pores is generally 20-300μm. Intergranular dissolution pores and intragranular dissolution pores are
formed by the dissolution of rock cuttings and minerals such as quartz, clay miscellaneous bases and
cements in an acidic water environment.

Discussion. (1) Characteristics of pore and
fissure structure of marine-continent transitional
shale. The joints and fractures in different lithological reservoirs in the study area are relatively developed, forming a more complex fracture network system [15-16]. Natural fractures have various forms,
including structural fractures (tensile fractures and
shear fractures) of structural origin such as high-angle micro-fractures, vertical fractures, oblique fractures, meshed fractures, horizontal interlayer fractures, and sedimentary and diagenetic fractures of
non-structural origin All of them are developed, with
different sizes, and cracks ranging from millimeters
to centimeters are distributed; and some of the cracks
are mostly filled with quartz.

High-pressure mercury intrusion experiment results. Porosity is an important parameter for
determining free gas content and evaluating reservoir permeability. Shale gas reservoirs usually have
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FIGURE 3
Histogram of porosity distribution in marine-continent transition phase reservoirs.
Under the microscope, the reservoirs are generally denser, with well-developed fissures, larger
length-to-width ratios, and smaller openings. Simple
independent fissures, bifurcated fissures, complex
connected fissures and micro fissures are reflected;
micro-shear fissures are relatively straight and compact, with less filling; micro-extension fissures are
mostly serrated, relatively open, and often filled
Things.
Scanning electron microscopy and energy
spectrum analysis show that micro-scale pores and
nano-scale pores in different lithological reservoirs
of the Taiyuan Formation, Shanxi Formation and
Xiashihezi Formation are extremely developed, with
good pore connectivity; and micro-cracks are also
relatively developed. There are common types of organic matter pores, intragranular pores (brittle minerals, clay minerals), intragranular dissolution pores,
pyrite intercrystalline pores and intergranular pores.
Organic matter particles, clay minerals, mineral cementation, and pyrite particles all have a direct effect
on the formation of micron and nano-scale pores;
brittle minerals are the main material reasons for the
formation of larger pores and micro-cracks (mainly
independent cracks).
The reservoir space is mainly composed of five
types: super-large pores-fractures (greater than
100um), large pores, mesopores, small pores, micro
pores and ultra-micro pores [17-20]. The main pore
diameter of the reservoir is in the range of mesopores,
small pores, micropores and ultramicropores less
than 1000nm. The pore volume of mesopores and
macropores is the main body of the total pore volume.
The specific surface area of micropores, mesopores,
and macropores in different layers account for different proportions of the total pore specific surface area,
and in the upper part of the target layer, the micropores occupy the main body; while the lower part
is characterized by mesopores and macropores [21].

(2) Characteristics of pore-permeability
structure of marine-land transitional phases. The
porosity of the various lithological reservoirs in the
study area is relatively poor [22-23]. The overall
sandstone porosity is relatively large, ranging from
0.53%-10.66%, with an average value of 5.01%; the
coal reservoir porosity ranges from 0.69%-6.79%.
The average value is 3.03%; the porosity of mudstone is slightly higher than that of coal, 0.12%13.80%, and the average value is 3.72%, mainly due
to the development of fractures in dark mudstone
reservoirs. The porosity of sandstone, mudstone and
coal reservoirs are all less than 12%, and the permeability is basically less than 0.1×10-3um2, which are
mainly tight-structured reservoirs. As a whole, the
correlation between porosity and permeability of different lithological reservoirs in the study area is poor,
but overall there is a weak positive linear correlation
(Figure 4).
(3) Gas-bearing characteristics of shale of
marine-continent transitional facies. Seven dark
mudstone reservoir samples from different layers in
the study area were selected for isothermal adsorption experiments. The test result is shown in Figure
5.
Under the condition of the test temperature of
30ć and the equilibrium water pressure, the adsorption capacity of the dark mudstone reservoirs in
the study area is generally low. The Rans’ volume is
between 1.16~5.19m3/t and the average value is
2.76m3/t. From the gas adsorption capacity point of
view, the gas adsorption capacity of dark mudstone
reservoirs in the study area is close to the lower limit
of 1.1-9.91m3/t of shale gas developed commercially
in North America, reaching the lower limit of commercial shale gas development. On the whole, the
dark mudstone reservoirs in the study area have relatively low Lang's volume. The dark mudstone reservoirs' Lang's pressure is between 1.89~9.93MPa,
with an average value of 4.71MPa
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FIGURE 4
The relationship between porosity and permeability of different lithological reservoirs.

FIGURE 5
Characteristics of methane adsorption isotherms in marine-continent transition phase shale
(Figure 5), indicating that the dark mudstone reservoirs are at low pressure. Zone adsorption is easier.
In the high pressure zone, the increase rate of coal
reservoir adsorption capacity decreases as the pressure increases. During the production and development of this type of reservoir, the gas production under the unit pressure drop in the early stage will be
lower, and only the pressure will be reduced to a certain extent. After that, the gas production will increase rapidly.

larger length-to-width ratios, and smaller openings.
There are common types of organic matter pores, intragranular pores (brittle minerals, clay minerals), intragranular dissolution pores, pyrite intercrystalline
pores and intergranular pores. Organic matter particles, clay minerals, mineral cementation, and pyrite
particles all have a direct effect on the formation of
micron and nano-scale pores; brittle minerals are the
main material reasons for the formation of larger
pores and micro-cracks (mainly independent cracks).
(2) The correlation between the porosity of the
lithological reservoirs in the study area is poor. As a
whole, the correlation between the porosity and permeability of the different lithological reservoirs in
the study area is poor, but overall there is a weak positive linear correlation. Sex.
(3) Dark mudstone reservoirs are easily adsorbed in low-pressure areas. In high-pressure areas,
the adsorption capacity of coal reservoirs increases

CONCLUSIONS
(1) The joints and fractures in different lithological reservoirs in the study area are relatively developed, forming a more complex fracture network
system. Under the microscope, the reservoirs are
generally denser, with well-developed fissures,
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as the pressure increases. The rate of increase in adsorption capacity of coal reservoirs decreases. Lower,
only after the pressure is reduced to a certain level,
the gas production will increase rapidly.
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[9] Wang, N., Li, R., Wang, X., Zhang, L., Zhao,
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ABSTRACT
Biosynthesis of silver nanoparticles (AgNPs)
by vegetal extracts is useful because of their biocompatibility, less harmfulness, and environmental
friendly nature. This research work focuses on
AgNPs synthesis through an ethanol extract of Cinnamomum camphora leaves. Characterization of
AgNPs was performed using ultraviolet–visible
spectroscopy, scanning electron microscopy, and
functional groups acquired by this process were analyzed through Fourier- Transform Infrared Radiation (FTIR) spectroscopy. The impacts of C. camphora plant extract (CcExt)) and the extract with silver nanoparticles (CcExt-AgNPs) were examined
for mosquitoe (Culex pipiens) larvicidal efficacy and
various biological activities including splenic cell
cytotoxicity/proliferation, acute cytotoxicity on hepatic cells, hemolysis, and antibacterial activities.
Both CcExt and CcExt-AgNPs revealed a substantial larvicidal effect against fourth instar larvae of the
mosquitoe and a significant antibacterial activity.
Furthermore, a significant effects of CcExt and
CcExt-AgNPs were observed on normal splenic
cells cytotoxicity/proliferation, hepatic cells acute
cytotoxicity, and hemolytic percentage. Formation
of AgNPs was confirmed by all applied characterization methods. CcExt and CcExt-AgNPs had potential biological activities. Current studies revealed
that C. camphora leaves extract was safe to vital organs (liver) while the treatment with AgNPs showed
a little non-significant increase in liver function
markers.

INTRODUCTION
Nano is a Greek word which means the dwarf
or extremely small. It is one billionth of a meter,
Norio Taniguchi in 1974 was the first scientist that
defined the term “nanotechnology”. Resistance of
pathogens against the prevailing drugs is a major
challenge to control nosocomial infections. However, nanotechnology and nano-biotechnology can
be used as alternative strategies to overcome bacterial infections[1]. Both surface area and surface energy of nano-particle remarkably heighten their biomedical, environmental, optical, electrical and catalytic properties, performances and applications [2,
3]. At low concentrations, silver nanoparticles
(AgNPs) are harmless for human cells and toxic for
bacteria, viruses, and other eukaryotic microorganisms [4]. A massive research attention was focused
on AgNPs in recent years because of their amazing
defense against a wide spectrum of pathogens in a
consequence of an overwhelming antibiotic resistance [4, 5]. Therapeutic and antimicrobial qualities of silver make it best choice for many uses like
water and air treatment, mirrors, optics, catalysis,
photography, health, pathogenesis, cancer cures, diabetic remedial, dentistry, clothing, electronics, and
food packaging [4].
Biogenic approaches for the production of
AgNPs of particular size, shape, and morphology
have many advantages ( e.g. single step, natural, ecofriendly, no toxic byproducts, devoid of high pressure, energy and temperature) over physical synthesis and chemical methods which include toxic mate-
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rials, result in unwanted by products, and require severe reaction conditions [6]. In biological methods
AgNPs can be synthesized using plant extracts
which is moresuitable for bulk synthesis in natural
conditions [7]. Phytochemicals like phenols, terpenoids, flavonoids, polysaccharides, alkaloids, amino
acids, and proteins are liable for the synthesis (reductions of metals) and capping of nanoparticles, these
functional groups are acquired on AgNPs through
plant extracts. Medicinal properties of plant are because of these secondary metabolites which are accumulated in different plant parts give health benefits either individually or in combinatorically. Both
coarse extract and refined components of Cinnamomum camphora exhibit antioxidant, anti-inflammatory, antirheumatic, antimicrobial properties
involve in the reduction of accumulated fat in the
body and upgrade the blood lipids [8-12]. Essential
oils, terpenoids, fatty acids, lignans, ribosome-inactivating proteins (Type II), polyphenols, and Àavonoids have been isolated from this plant [9, 13-15].
In this study, biogenic production of AgNPs was performed through the C. camphora leaf ethanol extract
(CcExt) and the effects of both were monitored on
mosquito larvae. Similarly, biological activities, cytotoxic potentials, immune modulation, antibacterial, and hemolytic activities of both CcExt and extract fabricated with silver nanoparticles (CcExtAgNPs) were investigated.

Biosynthesis of AgNPs. AgNPs were synthesized by following [20] with some modifications.
Characterization of AgNPs. Nanoparticles
characterization by UV/Vis spectrawas carried according to the procedure of [18, 21, 22] with similar
instrumentations applied.
Larval bioassay. Mosquito larval susceptibility was tested through the method developed by
WHO [23]. Various treatments were applied by exposing early 4th instar larvae to different concentrations (1000 to 5000 ppm for CcExt and 100 to 500
ppm for CcExt-AgNPs for 24 h, divided into different groups in glass beakers filled with 100 mL of tap
water. There were five repeats and each replication
consisted of 20 larvae per concentration and the control (tap water alone) was kept in an environmental
compartment at 27 °C with 16 h: 8 h light/dark cycle.
A usual larval food was administered to the larvae
during the whole experiments. Larval mortality was
documented at 24 h post-treatment for CcExt and
CcExt-AgNPs. Mortality of larvae was confirmed
through their movement even probed with a fine needle at the siphon or cervical region.
Antibacterial activity of CcExt and CcExtAgNPs. Bacterial strains were collected from the
Microbiology lab. of King Khalid University.
Among these collected strains Escherichia coli, Proteus mirabilis, Shigella flexneri were Gram negative
while Staphylococcus aureus was Gram positive.
TheLULGHQWL¿FDWLRQZDV confirmed through standard bacteriological techniques [24]. Antibacterial
potential of CcExt and CcExt-AgNPs was measured
through well diffusion method. Each bacterial strain
was inoculated in 10 mL nutrient broth and incubated at 37 ºC overnight inside the shaking incubator
(Sheldon - USA). By following the guidelines of the
manufacturer, all nutrient agar plates were prepared.
Six mm diameter wells were prepared in agar plates
with the distal end of sterile Pasteur pipette. Prior to
creating wells, each bacterial isolate was spread on
the agar plate by pouring 50 μL bacterial suspension
(~ 10^8 colony forming unit/mL). Thirty microliter
of each CcExt and CcExt-AgNPs were pipetted into
the wells on agar plates. Penicillin-Streptomycin (20
units:20 μg) solution, 30 μL was applied as positive
control. Agar plates were kept at 37 ºC for 24 h in
an incubator (Nüve Sanayi Malzemeleri, Turkey).
Zone of inhibition was assessed in triplicate and diameter was taken around the outer surface of the well
according to Barry and Thorsberry [25].

MATERIALS AND METHODS
Preparation botanical extract. Leaves of C.
camphora were accumulated in October 2017 from
Abha city of Saudi Arabia and were identified by a
botanist serving at King Khalid University. Plant extract was prepared by following the methods as described by [16-18] with some modifications. Soxhlet
apparatus was utilized during preparation and 300
mL of ethanol (70%) was inserted to 100 g of C.
camphora leaf powder. This mixture was filtrated
through Whatman’s filter paper and flow-throw was
air dried by rotary evaporator at 40 °C for 2–3 h.
Flow-through dehydration brought about 4 g raw extract. One gram of this extract was liquefied in 100
mL of acetone (70%) to acquire 1% primary solution.
Collection of mosquito (Culex pipiens) larvae. Cx. pipiens larvae were collected by following
[18] with some modification from various location
and their species were identified through insect taxonomist at the Entomology Unit, The Department of
Biology, King Khalid University KSA. These mosquito larvae were placed in plastic trays filled with
tap water. Dog biscuits and yeast (3:1) were administered to the rearing larvae [19]. Fourth instar larvae
were used in the experiment and collected after six
days post-hatching.

In vitro effects of CcExt and CcExt-AgNPs
on normal splenic cell proliferation. Splenic cells
were prepared by following [18, 26-28] protocol’s
with some modifications. Cytotoxic (lethal for cell)
or proliferative (initiation of typical cell’s proliferation) capabilities that might be present in CcExt and

339

© by PSP

Volume 30– No. 01/2021 pages 338-348

Fresenius Environmental Bulletin

CcExt-AgNPs were analyzed by addition of various
concentrations of CcExt and CcExt-AgNPs at final
concentrations of 50, 100 and 20 ȝJP/ WR ZHOOV
already containing cells independently in triplicates.
Cells lacking the application of CcExt and CcExtAgNPs were taken as normal control cell. Culture
plates were kept in an incubator at 37 °C for time
period of 72 h in 5% CO2. To determine the change
in cell quantities of various cells with specific treatment applied, a Vybrant® MTT Cell Proliferation
Assay Kit (Thermo Fisher Scientific) was used calorimetrically as per company guidelines Mosmann
[29]. Percentage increase/decrease in cell growth
was measured by following the method [30].

spectroscopy; after the CcExt was admixed in a
solution of AgNO3. UV-Vis spectra of CcExt did not
show any indication of absorption between 380–450
nm, while the CcExt-AgNPs showed a distinctive
absorption at around 437 nm (Figure 2). FT-IR
spectroscopy analyses were performed to recognize
the bioactive components acquired from CcExt to
stabilize CcExt-AgNPs. FT-IR spectra of CcExtAgNPs (Figure 3) showed
probable functional
groups of C. camphora. The prepared nanoparticles
showed characteristic absorption bands observed at
3758 cm-1 ( for O-H stretching) corresponding to
alcohol. Besides, a strong band exhibited at 3320 cm1
assigned to stretching N-H group found in aliphatic
primary amine. Weak bands located at 2210 cm-1 and
2101 cm-1 UHODWHGWR&Ȅ&JURXSRIDON\QH$VWURQJ
stretching vibrational band 1650 cm-1 allocated to a
& 2 JURXS SUHVHQW LQ į-lactam. Medium bands at
1420 and 1310 cm-1 designated to a bending O-H
group of alcohols and phenols [31]. Size and shape
of AgNPs (Figure 4) were categorized by SEM. The
detailed studies obviously presented an even spherical form and small dimensions of AgNPs. The size
of NPs ( §80 nm) with interparticle distance can be
perceived from the figure, magnified at ×10000
times.

Hemolytic activity of CcExt and CcExtAgNPs. The lytic effects of CcExt and CcExtAgNPs were measured according to [22, 30] with
some amendments.
The acute cytotoxic study of CcExt and
CcExt-AgNPs. To test hepatic toxicity for CcExt and
CcExt-AgNPs, 15 fully-grown vigorous rats (200250 g) were used in the experiment, five of them
were inoculated with a sole dose regimen of 100
μg/mL CcExt and five of them with CcExt-AgNPs
separately, and the rest were left as untreated control
following [27, 30] with some modifications.
Statistical analysis. For mosquitoes larvicidal
bioassay, a completely randomized design was applied. Analysis of variance (ANOVA) was evaluated
and averages were related by LSD at p with
an SAS (version 9.3), SAS Institute (2006). LC50
was determined through a probit analysis program.
Confidence intervals (95%), denominations, and DF
RIWKHȤJRRGQHVVRIILWtrials, and reversion equations, were assessed through computer based logprobit analysis. Abbot's formula was applied to correct the larval percentage mortality. Antibacterial activity was measured as an average of three repeats
along with standard deviation (SD). ANOVA was
accomplished via Statistix 8.1 software. Tukey’s
Honest Significant Difference (HSD) assessment
was exercised for pairwise comparison of all means.
Means that were dissimilar at p  0.05 were calculated as statistically substantial. Data regarding biological activities were the averages of three triplicates. Differences in concentrations of CcExt and
CcExt-AgNPs were analyzed by one-way ANOVA
with SPSS (version 17).

FIGURE 1
Verification of silver nanoparyicles (AgNPs) synthesis by change in color: (A) Before the addition of AgNO3 in Cinnamomum camphora
leaves ethanol extract (CcExt) and (B) Next to
the addition of AgNO3 to CcExt.
Effects of CcExt and CcExt-AgNPs on mosquitoe
(Culex pipiens) larvae. The larvicidal activity of the
CcExt and CcExt-AgNPs and their effective larvicidal activities against the fourth instar larvae of Cx.
pipiens after 24 h exposure times are shown in table
1 and Figure 5. In general, 32.323%– 89.899% and
40.404%– 89.899% larval mortality was obtained
when the 4th instar larvae of Cx. pipiens were treated
with the effective concentrations of CcExt (1000 –

RESULTS
Characterization of AgNPs. Synthesis of
AgNPs was primarily verified by a shift in color of
the reaction mixture from light yellow to brown and
subsequently turned into dark brown (Figure 1).
CcExt-AgNPs were described by UV– visible
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FIGURE 2
UV–Vis spectra of silver nanoparticles (AgNPs) made by Cinnamomum camphora leaves ethanol extract
(CcExt). Whereas, (A) denotes to CcExt and (B) points toward the CcExt reduced with 1 mM solution of
AgNO3.

FIGURE 3
FT-IR spectra of the AgNPs synthesized through Cinnamomum camphora (L.) leaf ethanol extract (CcExt)
reduced with 1 mM solution of AgNO3.
TABLE 1
Susceptibility level of Culex pipiens to Cinnamomum camphora leaf ethanol extract (CcExt) and CcExt
with silver nanoparticles (CcExt-AgNPs) following continuous exposure for 24 h.
Lower limit
Upper limit
RR
Slope
No
Line name
LC50
1

CcExt-AgNPs

145.527

118.13

169.572

2

CcExt

1605.714

1367.25

1822.306

11.034

2.137
2.485

Index compared with CcExt-AgNPs; Resistance Ratio (RR) compared with CcExt-AgNPs; RR = larger LC50/ smaller LC50 a
= Index compared CcExt-AgNPs with CcExt used Resistance Ratio (RR)
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FIGURE 4
A scanned electron microscopic image of Cinnamomum camphora leaf ethanol extract with silver nanoparticles which are shown as crystalline, uniform, and aggregates.

FIGURE 5
A relationship between the concentrations of Cinnamomum camphora leaf ethanol extract (CcExt),
CcExt with silver nanoparticles (CcExt-AgNPs), and the 4th instar Culex pipiens larval mortality percentage. Line 1: CcExt-AgNPs; Line 2: CcExt.
5000 ppm) and CcExt-AgNPs (100 – 500 ppm) respectively.

C. camphora leaves extract with AgNPs-treated
group AST was also slightly higher (1.20 folds’ increase) than that of an untreated normal control
group.

The effects of CcExt and CcExt-AgNPs on
splenic cells proliferation. Cytotoxicity and/or
stimulatory potentials that might be present in CcExt
and CcExt-AgNPs were studied at different concentrations. The results showed that there were cytotoxic effects of both CcExt and CcExt-AgNPs on
normal splenic cells (Figure 6).

The hemolytic effects of CcExt and CcExtAgNPs. The lysis percentage of samples was assessed by comparing the absorbance of samples and
positive as well as negative controls. The positive
control presented 100% lysis while, the PBS (negative control) displayed no lysis of RBCs. The samples (C. camphora leaves extract and the extract with
AgNPs) displayed 100% lytic effect on RBCs. (Figure 7 & Figure 8).

Acute cytotoxicity of CcExt and CcExtAgNPs . In C. camphora leaves extract-treated
group, the levels of serum aspartate aminotransferase (AST) was slightly higher (1.14 folds’ increase)
than that of a normal untreated group while those of
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DISCUSSION
The characterization of silver nanoparticles
were confirme through different techniques. In visual observation the distinctive brown color can be
endorsed to the incitement of surface plasmon response (SPR) through AgNPs as verified by [32].
A few chemical compounds (alkaloids, flavonoids,
saponins, steroids) could modify the color of solution because they perform as a reducing agent for silver ions to a silver atom by the assistance of a nitrate
reductase enzyme. These particular enzymes released into a solution can reduce the AgNO3 to
AgNPs through the coating agents like proteins [33].
UV–vis spectroscopy is an ideal practice for
structural characterization of AgNPs [15]. Reduction
of silver ions through biomolecules in CcExt could
be the reason for this reflection [34, 35]. The morphology of the NPs and their size provided the biological activities for the synthesized nanoparticles.
Mosquitoe larvicidal results revealed a substantial positive correlation between applied concentrations and mosquito larval mortality percentage in response to the concentrations of CcExt and CcExtAgNPs. Taking LC50 (concentration to kill 50% of
larvae) value into consideration, the records showed
that the LC50 (145.527 ppm) of CcExt-AgNPs
proved to be more effective as compared to that of
CcExt only (LC50=1607.714 ppm) by about 11.047
folds. The precise larvicidal mechanisms of AgNPs
are unidentified. It is expected because of their tiny
size, the AgNPs infiltrate into the larva membrane
and cause mortality. It is obvious from a regression
equation that there is a linear correlation in AgNPs
dose and mortality of mosquito larval instars, which
justifies that higher quantities of AgNPs result in
more intake of nanoparticles through larval membrane and cause larval death consequently. Before it
was described that diffusion of AgNPs across the examined membrane instigated an interaction by some
molecules inside the cells causing a larval death
[36]. Additionally, once the

FIGURE 6
The effects of Cinnamomum camphora leaf ethanol extract (CcExt) and CcExt with silver nanoparticles (CcExt-AgNPs) on normal rat splenic
cells.
Antibacterial activity. Antibacterial activity
(in vitro) of CcExt and CcExt-AgNPs are present in
Figure 9. Both CcExt and CcExt-AgNPs inhibited
bacterial pathogens. Average ZOI produced by
CcExt-AgNPs were higher (minimum 19.00 mm in
S. aureus and maximum 22.00 mm in Shigella
flexneri) than that of produced by CcExt alone (minimum 13.00 mm in Shigella flexneri and maximum
19.00 mm in E. coli). While the average ZOI produced through positive control was observed 20.33
mm (maximum) both in E. coli and S. aureus and
19.33 mm (minimum) in P. mirabilis. In negative
control no ZOI was found. The ZOI formed by
CcExt-AgNPs were statistically at par with positive
control against all selected bacteria.

FIGURE 7
The effect of (a) Cinnamomum camphora leaf ethanol extract (CcExt) alone and (b) CcExt with silver nanoparticles (CcExt-AgNPs) on cow red blood cells (RBCs). Where, N and P are negative and positive control respectively.
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FIGURE 8
Graph showing hemolytic percentage of plant extract [Cinnamomum camphora leaf ethanol extract
(CcExt)], extract + AgNPs (CcExt with silver nanoparticles), negative, and positive controls on cow red
blood cells (RBCs).

FIGURE 9
Antibacterial potentials of Cinnamomum camphora leaf ethanol extract (CcExt) and CcExt with silver nanoparticles (CcExt-AgNPs) against selected bacteria.
tivity of leaf extract (aqueous) of Hibiscus rosasinensis counter to the mosquito (Aedes albopictus)
larvae and [42] found that nanoparticles from fungus are effective against Anopheles stephensi.
The cytotoxic effects on normal splenic cells
were concentration dependent and it decreased with
the decrease in the concentration of CcExt and also
similar results for CcExt-AgNPs. CcExt alone
showed more cytotoxic effects compared to that of

AgNPs make access to the midgut epithelial
membrane of larva, enzymes became inoperative,
producing peroxide that lead to cell death [37, 38].
It is also believed that penetration is stimulated by
the attraction between Ag+ and the cell membrane
[39, 40] . In the past, larvicidal capabilities of AgNPs
synthesized by different plants have been described
by many researchers. [41] reported the larvicidal ac-
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CcExt-AgNPs. CcExt alone showed growth inhibitory/cytotoxicity potentials. C. camphora contains
many essential oils including 1,8-cineole that has
shown to possess cytotoxic activity against many human cell lines [43]. In our results, CcExt inhibited
the normal splenic cell growth that was dose dependent. Many monoterpenes have shown anticancer activity via chemoprevention or chemotherapy [44,
45]. The cytotoxic effects of AgNPs and their damage to the cells may be due to the interactions with
phosphorous containing compounds such as DNA
[46]. In addition, AgNPs might exhibit destabilization of the plasma membrane leading to its rupture,
thereby causing depletion of intracellular ATP [47,
48].While measuring the effects on hepatic cell, the
increase of AST level in treated group may be attributed to that of AST released from the muscles
due to injection and the presence of the nanoparticles
[49, 50].
Compatibility and safety of living organism is
a major concern for a material or substance to be applied into a cellular system. Exogenous substances
act together with several cellular systems and could
cause cell damage. Therefore, the reason to measure
the hemolytic activity was to estimate the compatibility and biological safeness of CcExt and CcExtAgNPs. The lysis effect of CcExt-AgNPs might possibly because of the direct consequence of the NPs
on cell membranes of the RBCs. Others scientists referred the hemolytic activity because of the prompt
discharge of oxidative stress products resulting exposure [51]. The results of antibacterial activity are
in accordance with [52] and [53]. The antibacterial
activity of CcExt-AgNPs might be due to the minor
dimensions and even distribution. The extreme small
size of NPs may be liable for deep infiltration and
AgNPs diffuse through the cell membrane of microbial pathogens and interrupt the cell function causing
cell death. Further, antibacterial activity is also enhanced by reactive oxygen species (ROS) production and surface potential[52].

activity was higher in both cases. CcExt-AgNPs exhibited high antibacterial activity against studied
bacteria as compared CcExt alone.
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FKDUJHG$IWHUWKHWUHDWPHQWWKHVHZDJHUHDFKHVWKH
VWDQGDUG WKDW FDQ EH UHLQMHFWHG DV ZDWHU IORRGLQJ
ZDWHULQWRWKHIRUPDWLRQ)RUVHZDJHZLWKORZVDOLQ
LW\LWLVWUHDWHGDVZDWHUIRUSRO\PHUSUHSDUDWLRQDQG
WKHQ LQMHFWHG LQWR WKH UHVHUYRLU DIWHU EHLQJ IRUPX
ODWHGLQWRDSRO\PHUVROXWLRQ>@
'XH WR WKH GLIIHUHQW JHRORJLFDO HQYLURQPHQW
FKDUDFWHULVWLFVDQGWKHW\SHVRILQMHFWHGSRO\PHUVLQ
GLIIHUHQWRLOILHOGVWKHUHDUHPDQ\W\SHVDQGGLIIHU
HQFHVLQWKHZDVWHZDWHUSURGXFHGE\WKHIRUPDWLRQ

.(<:25'6
6HZDJH WUHDWPHQW SRO\PHUFRQWDLQLQJ VHZDJH ZDWHU
TXDOLW\LQVSHFWLRQODVHUSDUWLFOHVL]HDQDO\]HURLOFRQWHQW
LQVSHFWLRQ
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,QWKHHQWLUHSURGXFWLRQSURFHVVRIWKHRLOILHOGYDUL
RXVSURFHVVVWHSVZLOOEHXVHGWRLQSXWGHPXOVLILHUV
FRUURVLRQLQKLELWRUVDQGVWHULOL]DWLRQDJHQWV$JHQWV
HVSHFLDOO\ RUJDQLF VXEVWDQFHV VXFK DV SRO\DFU\OD
PLGHFDXVHWKHVHZDJHWRFRQWDLQDODUJHQXPEHURI
SRO\DFU\ODPLGHPROHFXOHV>@7KHRLOFRQWHQWRI
SRO\PHUFRQWDLQLQJ VHZDJH ZLWKRXW VHZDJH WUHDW
PHQWLVJHQHUDOO\EHWZHHQPJ/DQGPJ/
EXWWKHRLOFRQWHQWRIVRPHSRO\PHUFRQWDLQLQJVHZ
DJHFDQUHDFKPJ/RUHYHQKLJKHU,QWKLVSDSHU
WKHVWDUFKFDGPLXPLRGLGHPHWKRGZDVXVHGWRGH
WHFW WKH FRQFHQWUDWLRQ RI DJJUHJDWHV DQG WKH ODVHU
SDUWLFOHVL]HDQDO\]HUZDVXVHGWRGHWHUPLQHWKHSDU
WLFOH VL]H GLVWULEXWLRQ RI VXVSHQGHG VROLGV LQ WKH
ZDVWHZDWHUEHIRUHDQGDIWHUILOWUDWLRQDQGWKHUHVXOWV
RIWKHSDUWLFOHVL]HGLVWULEXWLRQZHUHDQDO\]HG7KH
SRO\PHU FRQFHQWUDWLRQ VXVSHQGHG VROLGV SDUWLFOH
VL]HDQGRLOFRQWHQWRISRO\PHUFRQWDLQLQJVHZDJH
DUH DQDO\]HG ZKLFK SURYLGHV H[SHULPHQWDO GDWD IRU
WKHWUHDWPHQWRISRO\PHUFRQWDLQLQJVHZDJH


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

 ([SHULPHQWDOPDWHULDOVDQGHTXLSPHQW
 ([SHULPHQWDOPDWHULDOV:DWHUVDPSOHLVWDNHQ
IURP WKH SRO\PHUFRQWDLQLQJ VHZDJH SLSHOLQH DQG
VHZDJHWUHDWPHQWSRQGRI&KDQJTLQJ2LOILHOG
5HDJHQWVVRGLXPDFHWDWHWULK\GUDWHDOXPLQXP
VXOIDWH VRGLXP IRUPDWH FDGPLXP LRGLGH VROXEOH
VWDUFKDFHWLFDFLGHWF
%XIIHU VROXWLRQ DFFXUDWHO\ ZHLJK J RI VR
GLXPDFHWDWHWULK\GUDWHDQGGLVVROYHLWLQPORI
GLVWLOOHG ZDWHU $W WKH VDPH WLPH DGG J RI K\
GUDWHG DOXPLQXP VXOIDWH DGMXVW WKH S+ WR ZLWK
DFHWLFDFLGDQGILQDOO\GLOXWHWRPOIRUXVH
5HGXFLQJVROXWLRQPORIVRGLXPIRU
PDWH XVHZLWKLQVHYHQGD\V :HLJKJRIVRGLXP
IRUPDWHGLVVROYHLWLQPORIGLVWLOOHGZDWHUDQG
ILQDOO\GLOXWHWRPOIRUODWHUXVH
%URPLQH ZDWHU 'LVVROYH J .%U LQ D VPDOO
DPRXQWRIVDWXUDWHGEURPLQHZDWHUDQGGLOXWHLWLQD
YROXPHWULFIODVN6KDNHDOODQGVHDOLWWRDYRLGOLJKW
6WDUFKFDGPLXP LRGLGH UHDJHQW 'LVVROYH J
RIFDGPLXPLRGLGHLQPORIGLVWLOOHGZDWHUVWLU
ZHOOERLOLWIRUPLQXWHVDQGFRROLWGRZQ$WWKH
VDPHWLPHGLVVROYHJRIVROXEOHVWDUFKLQPO
RIGLVWLOOHGZDWHUPL[WKHWZRVROXWLRQVDIWHUWKRU
RXJKVWLUULQJILOWHUZLWKILOWHUSDSHUDQGILQDOO\DGG
GLVWLOOHGZDWHUWRGLOXWHWRPOIRUXVH
3RO\PHU VROXWLRQ SUHSDUH PJ/ SRO\PHU
VROXWLRQ

  ([SHULPHQWDO HTXLSPHQW 7HVWLQJ HTXLS
PHQW VSHFWURSKRWRPHWHU HOHFWULF KHDWLQJ FRQVWDQW
WHPSHUDWXUH ZDWHU EDWK GLVWLOODWLRQ FRROLQJ GHYLFH
GU\LQJER[JUDGXDWHGFRORULPHWULFWXEHZLWKVWRSSHU
YROXPHWULF IODVN VHSDUDWLQJ IXQQHO VFDQQLQJ HOHF
WURQPLFURVFRSHRSWLFDOPLFURVFRSHHWF


  ([SHULPHQWDO PHWKRG   'HWHFWLRQ RI
SRO\PHUFRQFHQWUDWLRQLQVHZDJH7DNHP/RI
SRO\PHU VROXWLRQ SODFH LW LQ D  P/ YROXPHWULF
IODVNDGGP/RIVRGLXPDFHWDWHEXIIHUVROXWLRQDQG
P/RIGLVWLOOHGZDWHUDQGVKDNHLWHYHQO\$GG
P/ EURPLQH ZDWHU DQG UHDFW IRU PLQ WKHQ DGG
P/ UHGXFLQJ VROXWLRQ WR UHDFW IRU PLQ LPPHGL
DWHO\DGGP/VWDUFKFDGPLXPLRGLGHUHDJHQWGLOXWH
WRWKHPDUNZLWKGLVWLOOHGZDWHUVKDNHWKHVROXWLRQ
HYHQO\OHWLWVWDQGIRUPLQDQGXVHDVSHFWURSKR
WRPHWHUWRGHWHUPLQHWKHPD[LPXPDEVRUSWLRQZDYH
OHQJWK ZKLFK LV QP $W WKH DEVRUSWLRQ ZDYH
OHQJWKWKHDEVRUEDQFHYDOXHRIWKHSRO\PHUVROXWLRQ
RIGLIIHUHQWFRQFHQWUDWLRQVLVPHDVXUHGZLWKDSKR
WRPHWHUDQGDVWDQGDUGFXUYHLVPDGHZLWKWKHPHDV
XUHGGDWD$FFRUGLQJWRWKLVVWDQGDUGFXUYHWKHSRO
\PHUFRQFHQWUDWLRQRIWKHVHZDJHFRQWDLQLQJWKHSRO
\PHUDQGWKHVHZDJHLQWKHLQGRRUVLPXODWLRQH[SHU
LPHQWZDVGHWHUPLQHG>@

 3DUWLFOHVL]HGHWHFWLRQRIVXVSHQGHGVROLGV
LQZDVWHZDWHUFRQWDLQLQJSRO\PHU7KHODVHUSDUWL
FOHVL]HDQDO\]HUGHWHFWVWKHSDUWLFOHVL]HEDVHGRQWKH
VPDOODQJOHODVHUVFDWWHULQJPHWKRG>@7KDWLVWKH
PHDVXUHPHQWSULQFLSOHLVWKDWGLIIHUHQWLQWHQVLWLHVRI
GLIIUDFWLRQ DQG VFDWWHULQJ RFFXU ZKHQ SDUWLFOHV RI
GLIIHUHQWVL]HVDUHLOOXPLQDWHGE\OLJKW7KHUHODWLRQ
VKLSEHWZHHQWKHLQWHQVLW\RIWKHGLIIUDFWHGOLJKWDQG
WKHSDUWLFOHVL]HLVDVIROORZV
ଵ ஶ
ሺןሻ ൌ  ן  ݎଶ ݂ሺݎሻܮଶଵ ሺ݇ݎ ןሻ݀  ݎ
,QWKHIRUPXODןLVWKHVFDWWHULQJDQJOH3  ן
LVWKHOLJKWLQWHQVLW\VFDWWHUHGDWWKHDQJOHןFGULV
WKHSDUWLFOHUDGLXVȝPI U LVWKHSDUWLFOHVL]HGLVWUL
EXWLRQIXQFWLRQDFRQVWDQW/LVWKHILUVWW\SH%D\HV
LDQ IXQFWLRQ FRQVWDQW N LV D FRQVWDQW WKH YDOXH LV
HTXDOWRʌȜDQGȜLVWKHODVHUZDYHOHQJWK
$FFRUGLQJWRWKHDERYHIRUPXODZKHQWKHODVHU
EHDP LUUDGLDWHV WKH SDUWLFOHV WKH LQWHQVLW\ RI VFDW
WHUHG OLJKW GHFUHDVHV DV WKH GLDPHWHU LQFUHDVHV DQG
GHFUHDVHVORJDULWKPLFDOO\DVWKHDQJOHLQFUHDVHV7KH
SUHPLVHRIXVLQJWKLVLQVWUXPHQWIRUPHDVXUHPHQWLV
WKDWWKHSDUWLFOHVDUHDVVXPHGWREHVPRRWKVSKHUHV
DQGWKHSDUWLFOHVL]HGLVWULEXWLRQRIWKHPHDVXUHGSDU
WLFOHVLVREWDLQHGDFFRUGLQJWRWKHPHDVXUHGVFDWWHUHG
OLJKW LQWHQVLW\ >@ ,Q WKLV SDSHU WKH ODVHU SDUWLFOH
VL]HDQDO\]HULVXVHGWRPHDVXUHWKHSDUWLFOHVL]HGLV
WULEXWLRQRIVXVSHQGHGVROLGVLQZDVWHZDWHUFRQWDLQ
LQJSRO\PHU

 2LOFRQWHQWLQVSHFWLRQLQSRO\PHUFRQWDLQ
LQJ VHZDJH $FFRUGLQJ WR WKH OLQHDU IXQFWLRQ UHOD
WLRQVKLSEHWZHHQWKHRLOFRQWHQWRISRO\PHUFRQWDLQ
LQJVHZDJHDQGWKHFRORURILWVRLO\H[WUDFWZLWKLQD
FHUWDLQFRQFHQWUDWLRQUDQJHWKHRLOLQSRO\PHUFRQ
WDLQLQJ VHZDJH LV H[WUDFWHG ZLWK JDVROLQH DQG WKH
FRORULVFRPSDUHGRQDVSHFWURSKRWRPHWHUWRREWDLQ
LWVDEVRUEDQFHYDOXH7KHQWKHRLOFRQWHQWLQWKHSRO
\PHUFRQWDLQLQJVHZDJHLVFDOFXODWHG>@
)LUVWZHGUDZDVWDQGDUGFXUYHRIRLOFRQWHQWLQ
SRO\PHUFRQWDLQLQJ VHZDJH DFFRUGLQJ WR WKH DERYH
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H[SHULPHQW7KHQZHWDNHWKHPLGGOHSRVLWLRQRQWKH
VWDQGDUGFXUYHWKHFRUUHVSRQGLQJDEVRUEDQFHYDOXH

VSHFWURSKRWRPHWHUXVLQJJDVROLQHDVDEODQNVROXWLRQ
DWDZDYHOHQJWKRIQP,IWKHFRORURIWKHH[WUDFW
LVGDUNZHXVHDSLSHWWHWRDFFXUDWHO\SLSHWWHDQDS
SURSULDWH DPRXQW RI H[WUDFW DQG GLOXWH LW VHYHUDO
WLPHVZLWKJDVROLQHEHIRUHSHUIRUPLQJFRORUFRPSDU
LVRQ)LQDOO\ZHFDOFXODWHWKHRLOFRQWHQWDFFRUGLQJ
WRWKHIROORZLQJIRUPXOD>@
ா
ܥ ൌ భ ൈ ݊  

DQGRLOFRQWHQWDUH ןܩΎܰ ןUHVSHFWLYHO\DQGWKHDE
VRUEDQFHFRHIILFLHQW.YDOXHLVFDOFXODWHGDFFRUGLQJ
WRIRUPXOD  
 ܭൌ  ןܩȀܰ   ן
,QWKHIRUPXOD.LVWKHDEVRUEDQFHFRHIILFLHQW
/PJ ןܩLV WKH FRQFHQWUDWLRQ RI WKH UHIHUHQFH RLO
VDPSOHPJ/ܰ ןLVWKHDEVRUEDQFH
7KHQZHGHWHUPLQHWKHRLOFRQWHQWRIWKHSRO\
PHUFRQWDLQLQJVHZDJH:HWDNHP/RIWKHILO
WHUHG SRO\PHUFRQWDLQLQJ VHZDJH VDPSOH LQWR D
FOHDQHGDQGGULHGQDUURZQHFNERWWOHDGGDQDSSUR
SULDWH DPRXQW RI JDVROLQH SHWUROHXP HWKHU  IXOO\
VKDNH FDUHIXOO\ WUDQVIHU WKH YROXPH RI WKH ZDWHU
VDPSOHPHDVXUHGE\WKHJUDGXDWHGF\OLQGHULQWRWKH
VHSDUDWRU\IXQQHODQGDGMXVWS+WRDERXWZLWKK\
GURFKORULFDFLG$IWHUWKHQDUURZQHFNHGERWWOHZLWK
DFHUWDLQDPRXQWRIJDVROLQHLVFOHDQHGZHWUDQVIHU
WKHVROXWLRQLQWRWKHVHSDUDWRU\IXQQHODQGVKDNHLW
IXOO\XQWLOQRPRUHJDVLVJHQHUDWHG>@$IWHUWKH
RLOLQWKHZDWHUVDPSOHLVFRPSOHWHO\GLVVROYHGZH
UHWXUQWKHVHSDUDWRU\IXQQHOWRWKHIXQQHOUDFNDQGOHW
LWVWDQGIRUDZKLOH$IWHUWKHZDWHUVDPSOHLVVWUDWL
ILHG ZH SXW WKH ZDWHU OD\HU LQWR D QDUURZQHFNHG
IODVNDQGWUDQVIHUWKHH[WUDFWLQWRDFRORULPHWULFWXEH
ZLWKDVWRSSHU7KHQZHWUDQVIHUWKHZDWHUVDPSOHWR
WKHVHSDUDWRU\IXQQHODJDLQDQGUHSHDWWKHDERYHRS
HUDWLRQXQWLOWKHH[WUDFWHGZDWHUVDPSOHLVFRORUOHVV
DWOHDVWH[WUDFWLRQV :HFROOHFWDQGUHFRUGWKHWR
WDOYROXPHRIWKHH[WUDFWDVܸ௧ $IWHUWKDWZHSXWWKH
SRO\PHUFRQWDLQLQJVHZDJHH[WUDFWWREHWHVWHGLQWR
D JODVV FXYHWWH DQG PHDVXUH LWV DEVRUEDQFH ( RQ D

ೌ

,Q WKH IRUPXOD ܥ LV WKH RLO FRQWHQW RI WKH
PHDVXUHGZDWHUVDPSOHPJ(LVWKHDEVRUEDQFHRI
WKHPHDVXUHGZDWHUVDPSOHܸଵ LVWKHWRWDOYROXPH
RIWKHH[WUDFWP/ܸ LVWKHYROXPHRIWKHPHDVXUHG
ZDWHUVDPSOHP/.LVWKHDEVRUEDQFHFRHIILFLHQW
/PJQLVWKHGLOXWLRQIDFWRU


5(68/76

  3RO\PHU FRQFHQWUDWLRQ WHVW UHVXOWV 7KH
SUHSDUHGPJ/SRO\PHUVROXWLRQZDVGLOXWHGWR
WKHVWDQGDUGVROXWLRQZLWKFRQFHQWUDWLRQRI
PJ/%HFDXVHWKHDEVRUEDQFHYDOXHDQGWKH
SRO\PHU FRQFHQWUDWLRQ DUH OLQHDU ZLWKLQ D FHUWDLQ
UDQJHWKHDEVRUEDQFHRIWKHGLIIHUHQWFRQFHQWUDWLRQ
VROXWLRQVDUHDWQPLVPHDVXUHGDQGWKHVWDQGDUG
FXUYHZLWKWKHFRQFHQWUDWLRQDQGDEVRUEDQFHYDOXHV
LVGURZQDVVKRZQLQ)LJXUHEHORZ$WWKHVDPH
WLPHWKHREWDLQHGGDWDLVILWWHGWRREWDLQWKHFDOFXOD
WLRQIRUPXODRIDEVRUEDQFHYDOXHDQGSRO\PHUFRQ
FHQWUDWLRQ
 ݕൌ ʹ͵ͺǤʹ െ ͲǤͳͺ  
,Q WKH IRUPXOD [ LV WKH DEVRUEDQFH YDOXH
/ JāFP \LVWKHSRO\PHUFRQFHQWUDWLRQPJ/


),*85(
7KHUHODWLRQVKLSEHWZHHQDEVRUEDQFHYDOXHDQGSRO\PHUFRQFHQWUDWLRQ




7$%/(
&RPSDULVRQRISRO\PHUFRQFHQWUDWLRQEHIRUHDQGDIWHUILOWUDWLRQ
&RQFHQWUDWLRQDIWHUILOWUDWLRQPJ/ &RQFHQWUDWLRQ
&RQFHQWUDWLRQEHIRUHILOWUDWLRQPJ/
LQILOWHUPDWH
K K K K K PHDQ
ULDOPJ/
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7$%/(
'LVWULEXWLRQGDWDRIVXVSHQGHGVROLGVLQZDVWHZDWHUFRQWDLQLQJDJJUHJDWHVEHIRUHILOWUDWLRQ
3DUWLFOH
'LIIHUHQWLDOGLV
&XPXODWLYHGLV
3DUWLFOH
'LIIHUHQWLDOGLV
&XPXODWLYHGLV
VL]HȝP
WULEXWLRQ
WULEXWLRQ
VL]HȝP
WULEXWLRQ
WULEXWLRQ































































































































7KHDEVRUEDQFHRIP/RISRO\PHUFRQWDLQ
LQJZDVWHZDWHUEHIRUHDIWHUILOWUDWLRQDQGRQHILOWUD
WLRQF\FOHZDVWHVWHGRQVLWHDQGWKHSRO\PHUFRQ
FHQWUDWLRQLQWKHSRO\PHUFRQWDLQLQJZDVWHZDWHUZDV
GHWHUPLQHG DFFRUGLQJ WR WKH GUDZQ VWDQGDUG FXUYH
>@7KHUHVXOWVDUHVKRZQLQ7DEOH7KHSRO\
PHUFRQFHQWUDWLRQRIWKHSRO\PHUFRQWDLQLQJVHZDJH
DIWHUILOWUDWLRQLQ&KDQJTLQJ2LOILHOGGHFUHDVHGVLJ
QLILFDQWO\LQGLFDWLQJWKDWWKURXJKWKHDGVRUSWLRQDQG
EULGJLQJHIIHFWRQWKHVXUIDFHRIWKHILOWHUPDWHULDO
WKHILOWHUPDWHULDOFDQLQWHUFHSWSDUWRIWKHSRO\PHU
>@%HFDXVHWKHSRO\PHULVQRWFRPSDWLEOHZLWKWKH
ILOWHUPDWHULDOWKHSRO\PHUFDQRQO\EHDWWDFKHGWR
WKHVXUIDFHRIWKHILOWHUPDWHULDO7KXVDIWHUDILOWUD
WLRQF\FOHWKHSRO\PHUFRQWHQWRQWKHVXUIDFHRIWKH
ILOWHUPDWHULDOLVDVKLJKDVPJ/ZKLFKLVPXFK
KLJKHU WKDQ WKDW LQ WKH SRO\PHUFRQWDLQLQJ VHZDJH
DIWHUILOWUDWLRQ

  5HVXOWVRI SDUWLFOH VL]H GHWHFWLRQRIVXV
SHQGHG VROLGV 7KH SDUWLFOH VL]H RI WKH VXVSHQGHG
VROLGVLQWKHSRO\PHUFRQWDLQLQJVHZDJHEHIRUHILO
WUDWLRQ LQ &KDQJTLQJ 2LOILHOG UDQJHV IURP  WR

 ȝP DQG WKH SDUWLFOH VL]H RI WKH VXVSHQGHG
VXEVWDQFHLQWKHSRO\PHUFRQWDLQLQJVHZDJHDIWHUILO
WUDWLRQUDQJHVIURPWRȝP7KHPD[LPXP
SDUWLFOHVL]HRIWKHVXVSHQGHGPDWWHULQWKHSRO\PHU
FRQWDLQLQJVHZDJHDIWHUILOWUDWLRQLVȝPWKDWLV
WKHVXVSHQGHGPDWWHUOHVVWKDQȝPLQWKHVXV
SHQGHGPDWWHULVQRWILOWHUHGRXWVRWKHORZHVWHVWL
PDWHGILOWUDWLRQHIILFLHQF\RIWKHILOWHUWDQNLV
 +RZHYHULQWKHDFWXDOSURGXFWLRQRI
WKH VHZDJH VWDWLRQ WKH ILOWUDWLRQ HIILFLHQF\ RI VXV
SHQGHGPDWWHULVREYLRXVO\ORZHUWKDQDQGWKH
ILOWHULQJHIIHFWRIVXVSHQGHGPDWWHULVSRRU 7DEOH
7DEOH 
,QWKLVH[SHULPHQWWKHILOWHUPDWHULDOLQWKHILO
WHUWDQNLVTXDUW]VDQGDQGPDJQHWLWHHWF7KHSDUWL
FOHVL]HRIHDFKOD\HURIILOWHUPDWHULDOLVQRWFRP
SOHWHO\ WKH VDPH +HUH LW LV DSSUR[LPDWHO\ HTXLYD
OHQWWRWKHHTXDOGLDPHWHUVSKHUHIRUWKHRUHWLFDOFDO
FXODWLRQ7KHVWDFNLQJPHWKRGVLQWKHILOWHUPDWHULDO
DUHPDLQO\VTXDUHVWDFNLQJDQGSDUDOOHORJUDPVWDFN
LQJ>@



),*85(
6FKHPDWLFGLDJUDPRIILOWHUPHGLDVWDFNLQJPHWKRG OHIWVTXDUHVWDFNLQJULJKWSDUDOOHORJUDPVWDFNLQJ 
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7$%/(
'LVWULEXWLRQGDWDRIVXVSHQGHGVROLGVLQZDVWHZDWHUFRQWDLQLQJDJJUHJDWHVDIWHUILOWUDWLRQ
3DUWLFOH
'LIIHUHQWLDOGLV
&XPXODWLYHGLV
3DUWLFOH
'LIIHUHQWLDOGLV
&XPXODWLYHGLV
VL]HȝP
WULEXWLRQ
WULEXWLRQ
VL]HȝP
WULEXWLRQ
WULEXWLRQ































































































































$FFRUGLQJ WR WKH JHRPHWULF UHODWLRQVKLS EH
WZHHQWKHLQVFULEHGFLUFOHRIWKHSRUHDQGWKHILOWHU
PDWHULDOSDUWLFOHVWKHVTXDUHVWDFNHGSRUHGLDPHWHU
LV݀௭ ൌ ሺξʹ െ ͳሻܦ DQGWKHSDUDOOHORJUDPVWDFNHG
ଶ
SRUHGLDPHWHULV݀ ൌ ሺ ξ͵ െ ͳሻܦ ܦ LVWKHGLDP
ଷ
HWHURIWKHILOWHUPDWHULDO
7KH VXVSHQGHG VROLGV LQ WKH SRO\PHUFRQWDLQ
LQJVHZDJHPXVWSDVVWKURXJKFRQWDFWZLWKWKHVXU
IDFHRIWKHILOWHUPDWHULDOWREHUHWDLQHGE\WKHILOWHU
OD\HU 'XULQJ WKH ILOWUDWLRQ SURFHVV WKH SRVVLELOLW\
WKDWWKHVXVSHQGHGVROLGVZLOOEHWUDSSHGE\WKHILOWHU
OD\HU LQFUHDVHV DV WKH QXPEHU RI WLPHV RI FRQWDFW
ZLWK WKH ILOWHU OD\HU LQFUHDVHV >@ 7KH QXPEHU RI
VXVSHQGHGVROLGVFRQWDFWZLWK WKHILOWHU OD\HU LV DI
IHFWHG E\ IDFWRUV VXFK DV WKH VL]H RI WKH SRUHV EH
WZHHQWKHILOWHUPDWHULDOVWKHVSHFLILFVXUIDFHDUHDRI
WKHILOWHUOD\HUWHPSHUDWXUHDQGILOWUDWLRQUDWH:KHQ
RWKHUFRQGLWLRQVDUHWKHVDPHWKHQXPEHURIFRQWDFWV
EHWZHHQ VXVSHQGHG VROLGV DQG WKH ILOWHU OD\HU  LQ
FUHDVHVDVWKHSRUHVL]HEHWZHHQWKHILOWHUPDWHULDOV
GHFUHDVHVDQGGHFUHDVHVDVWKHVSHFLILFVXUIDFHDUHD
RIWKHILOWHUOD\HUGHFUHDVHV,WFDQEHVHHQWKDWWKH
VPDOOHU WKH SRUH VL]H EHWZHHQ WKH ILOWHU PHGLD LV
ZLWKLQDFHUWDLQUDQJHWKHEHWWHU,WLVNQRZQWKDWWKH
VPDOOHVWSDUWLFOHVL]HRIWKHILOWHUPDWHULDOLQWKHILOWHU
WDQN RI WKH VHZDJH WUHDWPHQW SODQW LVܦ ȝP
$FFRUGLQJWRWKHVTXDUHDQGSDUDOOHORJUDPDFFXPX
ODWLRQ PHWKRGV WKH SRUH GLDPHWHUV RI WKH VHZDJH
WUHDWPHQWSODQWDUHFDOFXODWHGWREH݀௭ ȝPDQG
݀ ȝP UHVSHFWLYHO\ ,W FDQ EH VHHQ WKDW WKH
PLQLPXP VROLG VXVSHQGHG VROLGV SDUWLFOH VL]H WKDW
WKHILOWHUPHGLDFDQUHWDLQXQGHUWKHVHWZRDFFXPX


ODWLRQ PHWKRGV DUHȝP DQG ȝP UHVSHF
WLYHO\ %DVHG RQ WKH RLO DQG QDWXUDO JDV LQGXVWU\
VWDQGDUG 6<7 WKHPHGLDQGLDPHWHURI
VXVSHQGHGVROLGVSDUWLFOHVLVUHTXLUHGWREHWR
ȝP 7KHUHIRUH WKH UHWHQWLRQ FDSDFLW\ RI WKH ILOWHU
PDWHULDOGRHVQRWPHHWWKHUHTXLUHPHQWVZKLFKOHDGV
WRWKHXQTXDOLILHGGHWHFWLRQRIWKHSDUWLFOHVL]HRIWKH
VXVSHQGHGVROLGVLQWKHSRO\PHUFRQWDLQLQJVHZDJH
DIWHUILOWUDWLRQ

 2LOFRQWHQWLQVSHFWLRQUHVXOWV7KHSRO\
PHUFRQWDLQLQJ VHZDJH EHIRUH ILOWUDWLRQ LQ
&KDQJTLQJ2LOILHOGZDVVDPSOHGDQGWKHRLOFRQWHQW
PHDVXUHG DFFRUGLQJ WR WKH DERYH PHWKRG ZDV
PJ/ZKLFKZDVVLJQLILFDQWO\KLJKHUWKDQWKH
QDWLRQDO HPLVVLRQ VWDQGDUG 8QGHU QRUPDO FLUFXP
VWDQFHV WKH H[LVWHQFH RI RLO LQ SRO\PHUFRQWDLQLQJ
ZDVWHZDWHULVURXJKO\GLYLGHGLQWRGLVVROYHGRLO RLO
GURSOHW VL]H OHVV WKDQ ȝP  HPXOVLILHG RLO RLO
GURSOHWVL]HEHWZHHQȝP GLVSHUVHGRLO 7KH
RLO GURSOHW VL]H LV EHWZHHQ ȝP  DQG VOLFN RLO
WKHRLOGURSOHWVL]HLVJUHDWHUWKDQȝP 6OLFNRLO
DQGGLVSHUVHGRLODUHWKHPDLQIRUPVRIRLOGURSOHWV
LQSRO\PHUFRQWDLQLQJVHZDJHV\VWHPV7KHIROORZ
LQJDQDO\]HVWKHUHDVRQVIRUWKHH[FHVVLYHRLOFRQWHQW
RIWKHSRO\PHUFRQWDLQLQJZDVWHZDWHUEHIRUHILOWUD
WLRQIURPWKHWZRDVSHFWVRISRO\PHUDQGVXVSHQGHG
SDUWLFOHV

 ,QIOXHQFHRISRO\PHU:HWDNHWKHVXUIDFH
ILOWHUPDWHULDOLQWKHILOWHUWDQNDIWHURQHILOWUDWLRQF\
FOHDQGGLYLGHWKHVXUIDFHILOWHUPDWHULDOLQWRWZRIRU
XVH:HWDNHWZRGLIIHUHQWREVHUYDWLRQSRLQWVLQHDFK
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),*85(
0HWDOOXUJLFDOPLFURVFRSHREVHUYDWLRQUHVXOWV





),*85(
)LOWHUSDSHUUHVLGXH OHIWIURQWRIILOWHUSDSHUULJKWEDFNRIILOWHUSDSHU 

VXUIDFHILOWHUPDWHULDODQGREVHUYHWKHSRO\PHUPRU
SKRORJ\DQGFUXGHRLOGLVWULEXWLRQDWHDFKREVHUYD
WLRQ SRLQW ZLWK D PHWDOOXUJLFDO PLFURVFRSH >@
$PRQJWKHPXQGHUQRUPDOOLJKWLUUDGLDWLRQWKHVXU
IDFHRIWKHILOWHUSDUWLFOHVLVVKLQ\DQGVWUHDPOLQHGLV
SRO\PHUZKLOHXQGHUXOWUDYLROHWOLJKWWKHRLOGURSOHWV
RURLOILOPLV\HOORZJUHHQ )LJXUH 
,WFDQEHVHHQIURPWKHPHWDOORJUDSKLFSLFWXUH
RIWKHFUXGHRLOWKDWPRVWRIWKHFUXGHRLOLQWKHILOWHU
EHGLVGLVWULEXWHGLQWKHSRUHVRIWKHILOWHUSDUWLFOHVLQ
WKHIRUPRIPHPEUDQHVRUGURSVDQGOHVVDGVRUEHG
RQWKHVXUIDFHRIWKHILOWHUSDUWLFOHV>@7KLVLVEH
FDXVHWKHSRO\PHULVPRUHHDVLO\DGVRUEHGRQWKHVXU
IDFH RI WKH ILOWHU SDUWLFOHV FDXVLQJ FRPSHWLWLYH DG
VRUSWLRQ&RPSDULQJWKHPHWDOORJUDSKLFSLFWXUHVRI
FUXGHRLODQGSRO\PHULWFDQEHVHHQWKDWWKHUHLVD
OLWWOH SRO\PHU LQ WKH RLO GURSOHWV DQG GXH WR WKH
KLJKHUYLVFRVLW\RIWKHSRO\PHULWKDVDSRZHUIXOHI
IHFWRQWKHRLOGURSOHWV>@$VDUHVXOWWKHRLOFRQ
WHQWRIWKHILOWHUHGZDVWHZDWHUH[FHHGVWKHVWDQGDUG



 7KHLPSDFWRIVXVSHQGHGVROLGV7DNHWKH
FROOHFWHG VHZDJH ZDWHU VDPSOH DIWHU ILOWUDWLRQ DQG
SODFHLWLQDEHDNHUDQGILOWHULWWKURXJKDILOWHUGHYLFH
>@7KHUHVLGXHRQWKHILOWHUSDSHUDIWHUILOWUDWLRQLV
VKRZQLQ)LJXUHEHORZ)URPWKHIURQWYLHZRIWKH
ILOWHUSDSHULWFDQEHVHHQWKDWWKHKHDY\FRPSRQHQWV
FROORLGDQGDVSKDOWHQH LQWKHFUXGHRLODUHUHWDLQHG
RQWKHIURQWILOWHUSDSHUZKLOHWKHEDFNYLHZRIWKH
ILOWHU SDSHU VKRZV WKDW D VPDOO DPRXQW RI OLJKWHU
FRPSRQHQWVLQWKHFUXGHRLODUHUHWDLQHGRQWKHEDFN
ILOWHU SDSHU >@ 7KHUHIRUH FUXGH RLO LQ SRO\PHU
FRQWDLQLQJ VHZDJH PDLQO\ H[LVWV LQ WKLV VXVSHQGHG
PDWWHU)URPWKHIURQWYLHZRIWKHILOWHUSDSHULWFDQ
EHVHHQWKDWWKHVXVSHQGHGPDWWHUZDVVWXFNRQWKH
SDSHU DQG IRUPHG D VOXGJH VKDSH DQG QR SDUWLFOHV
ZHUH VHHQ 7KLV VKRZV WKDW PRVW RI WKH VXVSHQGHG
SDUWLFOHVDUHVRIWDQGGHIRUPDEOH7KHUHIRUHLWLVGLI
ILFXOW WR IRUP D EULGJLQJ HIIHFW GXULQJ ILOWUDWLRQ
DQGWKHUHWHQWLRQRIWKHVHVXVSHQGHGSDUWLFOHVGXULQJ
ILOWUDWLRQFDQRQO\UHO\RQWKHDGVRUSWLRQRIWKHILOWHU
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SDUWLFOHV7KHUROHRUKDQJLQJRQWKHDFXWHDQJOHV
RI WKH ILOWHU PDWHULDO SDUWLFOHV ZLOO EH LQWHUFHSWHG
ZKLFKZLOOPDNHWKHRLOFRQWHQWRIWKHILOWHUHGVHZ
DJHXQTXDOLILHG
$IWHUWDNLQJDQGILOWHULQJWKHZDWHUVDPSOHFRQ
WDLQLQJ WKH SRO\PHUL]HG VHZDJH ZH SODFH LW LQ WKH
UHDJHQWERWWOHDQGOHWLWVWDQGIRUDORQJWLPHHQRXJK
WRDOORZLWWRVHWWOHQDWXUDOO\7KHQZHXVHDV\ULQJH
WRFDUHIXOO\UHPRYHWKHVHZDJHLQWKHXSSHUOD\HURI
WKHVHGLPHQWUHSODFHLWZLWKGLVWLOOHGZDWHUVKDNH
ZDVK DQG VWDQG VWLOO $IWHU VHGLPHQWDWLRQ ZH UH
SODFHLWZLWKGLVWLOOHGZDWHUIRUZDVKLQJ$IWHUPXO
WLSOHZDVKLQJVWKHVXVSHQGHGSRO\PHUDQGLQRUJDQLF
PLQHUDOVDUHUHPRYHG$IWHUHOLPLQDWLQJWKHLQWHUIHU
HQFHRIFKHPLFDOLRQVFUXGHRLODQGPXGWKHVFDQ
QLQJ HOHFWURQ PLFURVFRS\ ZDV FDUULHG RXW DQG WKH
PLFURVFRSLFPRUSKRORJ\RIRLOEHDULQJELRPDVVVXV
SHQGHGPDWWHULQZDWHUZDVREVHUYHGE\RUGLQDU\RS
WLFDOPLFURVFRSH


),*85(
6XVSHQGHGPDWWHUDIWHUZDVKLQJ


VHZDJHLVDVSDWLDOQHWZRUNVWUXFWXUHZLWKZHOOGH
YHORSHGSRUHV,WLVFRPSRVHGRIGHDGEDFWHULD RQO\
FHOOZDOOV K\SKDHDQGVSRUHV7KHFKHPLFDOFRP
SRQHQWVDUHFHOOXORVHDQGOLJQLQ&UXGHRLOSRO\PHUV
PXGHWFKDYHVWURQJDGVRUSWLRQSRZHU
,WFDQEHVHHQIURP)LJXUHWKDWPDQ\ILQHRLO
GURSOHWVDUHDGVRUEHGRQWKHVXUIDFHDQGLQVLGHRIWKH
VXVSHQGHG ELRPDVV SDUWLFOHV 'XULQJ WKH ILOWUDWLRQ
SURFHVVWKHVHFUXGHRLOVDUHFDUULHGE\WKHVXVSHQGHG
ELRPDVV SDUWLFOHV WR WKH ILOWHUHG ZDWHU 7KLV LV DOVR
RQHRIWKHUHDVRQVZK\WKHILOWHUHGZDWHUH[FHHGVWKH
VWDQGDUGRLOFRQWHQW


&21&/86,21

 7KHSDUWLFOHVL]HGLVWULEXWLRQUDQJHRIWKHRLO
GURSOHWVRIVHZDJHZLWKGLIIHUHQWDJJUHJDWHFRQFHQ
WUDWLRQVZDVPHDVXUHGZLWKDODVHUSDUWLFOHVL]HDQD
O\]HU7KHUHVXOWVVKRZHGWKDWWKHRLOGURSOHWVL]HRI
VHZDJHZLWKKLJKDJJUHJDWHFRQFHQWUDWLRQZDVODUJHU
WKDQ WKDW RI VHZDJH ZLWK ORZ DJJUHJDWH FRQFHQWUD
WLRQ%HFDXVHRIWKHKLJKSRO\PHUFRQFHQWUDWLRQDQG
FRUUHVSRQGLQJYLVFRVLW\FUXGHRLOHPXOVLILFDWLRQLV
DOVRVHULRXVDQGWKHSURSHUWLHVRIRLOLQZDWHUHPXO
VLRQVDUHUHODWLYHO\VWDEOHWKHUDQJHRISDUWLFOHVL]H
GLVWULEXWLRQDOVRH[WHQGVWRWKHUDQJHRIODUJHSDUWLFOH
VL]HV
 3RO\PHUVDUHPRUHHDVLO\DGVRUEHGRQWKH
VXUIDFHRIILOWHUSDUWLFOHVWKDQRLOGURSOHWV&RPSDU
LQJWKHPHWDOORJUDSKLFSLFWXUHVRIFUXGHRLODQGSRO
\PHULWFDQEHVHHQWKDWWKHRLOGURSOHWVDUHFRYHUHG
ZLWKDOLWWOHSRO\PHUDQGEHFDXVHRIWKHKLJKHUYLV
FRVLW\RIWKHSRO\PHULWLVHIIHFWLYHDJDLQVWWKHRLO
GURSOHWV 7KHHIIHFW PDNHV WKH RLOGURSOHWV WKDW DUH
OHVVDGVRUEHGRQWKHVXUIDFHRIWKHILOWHUPDWHULDOHDV
LHUWREHZDVKHGDZD\ZKHQZDWHUIORZV$VDUHVXOW
WKHRLOFRQWHQWRIWKHILOWHUHGZDVWHZDWHUH[FHHGVWKH
VWDQGDUG
 0RVWRIWKHVXVSHQGHGSDUWLFOHVDUHVRIWDQG
GHIRUPDEOH 7KHUHIRUH LW LV GLIILFXOW WR IRUP D
EULGJLQJHIIHFWGXULQJILOWUDWLRQZKLFKOHDGVWRWKH
UHWHQWLRQRIWKHVHVXVSHQGHGSDUWLFOHVGXULQJILOWUD
WLRQRQO\E\WKHDGVRUSWLRQRIWKHILOWHUSDUWLFOHVRU
KDQJLQJ RQ WKH DFXWH DQJOH RI WKH ILOWHU PDWHULDO
SDUWLFOHVDQGEHLQJLQWHUFHSWHGWKHUHE\PDNLQJWKH
RLOFRQWHQWRIWKHILOWHUHGVHZDJHXQTXDOLILHG


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

7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ WKH
+HLORQJMLDQJ 1DWXUDO 6FLHQFH )RXQGDWLRQ VXUIDFH
SURMHFW & +HLORQJMLDQJ$JULFXOWXUDO5HF
ODPDWLRQ $GPLQLVWUDWLRQ V NH\ SURMHFWV +..<
  6FKRRO ,QQRYDWLYH 7DOHQW 3URMHFW
&;5&  6FKRRO 5HVHDUFK 3URMHFW IRU DF
FRPSOLVKHGWDOHQWV ;'% 






),*85(
$GVRUSWLRQRIFUXGHRLOE\ELRPDVVVXVSHQGHG
SDUWLFOHV

,WFDQEHVHHQIURP)LJXUHWKDWDIWHUZDVKLQJ
WRUHPRYHLPSXULWLHVRQWKHVXUIDFHRIWKHVXVSHQGHG
VROLGVDQGLQVLGHWKHSRUHVWKHUHDOVWUXFWXUHFDQEH
FOHDUO\VHHQ$ODUJHDPRXQWRIVXVSHQGHGPDWWHULQ
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>@-LDQJ*:HL//L&  5HVHDUFKRQGH
PXOVLILFDWLRQIHDWXUHVRISRO\PHUIORRGLQJSUR
GXFHGIOXLGVRI2:ZLWKKLJKZDWHUFRQWHQWIRU
RLOILHOG DQG WKH GHPXOVLILFDWLRQ HIILFDF\ 5H
VHDUFK-RXUQDORI$SSOLHG6FLHQFHV(QJLQHHULQJ
7HFKQRORJ\  
>@6HULJKW5  3RWHQWLDOIRUSRO\PHUIORRG
LQJUHVHUYRLUVZLWKYLVFRXVRLOV63(5HVHUYRLU
(YDOXDWLRQ (QJLQHHULQJ  
>@-DPDORHL % .KDUUDW 5   )XQGDPHQWDO
VWXG\RISRUHPRUSKRORJ\HIIHFWLQORZWHQVLRQ
SRO\PHU IORRGLQJ RU SRO\PHU±DVVLVWHG GLOXWH
VXUIDFWDQWIORRGLQJ7UDQVSRUWLQ3RURXV0HGLD
  
>@7YHLWR $ :LQWKHU 5   ([LVWHQFH
XQLTXHQHVV DQG FRQWLQXRXV GHSHQGHQFH IRU D
V\VWHPRIK\SHUEROLFFRQVHUYDWLRQODZVPRGHO
LQJSRO\PHUIORRGLQJ6,$0-RXUQDORQ0DWKH
PDWLFDO$QDO\VLV  
>@-LDQJ%=KDQJ)6XQ<=KRX;'RQJ
-=KDQJ/  0RGHOLQJDQGRSWLPL]DWLRQ
IRUFXULQJRISRO\PHUIORRGLQJXVLQJDQDUWLILFLDO
QHXUDOQHWZRUNDQGDJHQHWLFDOJRULWKP-RXUQDO
RIWKH7DLZDQ,QVWLWXWHRI&KHPLFDO(QJLQHHUV
  
>@/XR<=KDQJ==KDR66RQJ6+XDQJ
-  3URJUHVVLYHUHVHDUFKRIWUHDWPHQWIRU
VHZDJH SURGXFHG IURP SRO\PHU IORRGLQJ GLV
SODFHPHQW -RXUQDO RI 3HWURFKHPLFDO 8QLYHUVL
WLHV  
>@0DVXGD<7DQJ.0L\D]DZD07DQDND
6   ' VLPXODWLRQ RI SRO\PHU IORRGLQJ
LQFOXGLQJWKHYLVFRHODVWLFHIIHFWRISRO\PHUVR
OXWLRQ 63( 5HVHUYRLU (QJLQHHULQJ    

>@&KHQ 7 6RQJ = )DQ < +X & 4LX /
7DQJ-  $SLORWWHVWRISRO\PHUIORRGLQJ
LQDQHOHYDWHGWHPSHUDWXUHUHVHUYRLU63(5HV
HUYRLU(YDOXDWLRQ (QJLQHHULQJ  
>@+RX-/L==KDQJ6&DR;'X46RQJ
;   &RPSXWHUL]HG WRPRJUDSK\ VWXG\ RI
WKH PLFURVFRSLF IORZ PHFKDQLVP RI SRO\PHU
IORRGLQJ 7UDQVSRUW LQ 3RURXV 0HGLD   

>@*DR&  6FLHQWLILFUHVHDUFKDQGILHOGDS
SOLFDWLRQVRISRO\PHUIORRGLQJLQKHDY\RLOUH
FRYHU\ -RXUQDO RI 3HWUROHXP ([SORUDWLRQ 
3URGXFWLRQ7HFKQRORJLHV  
>@/L+&KHQ=  &KDUDFWHULVWLFVRILQWHU
IDFLDO WHQVLRQ DQG RLO GLVSODFHPHQW HIILFLHQF\
ZLWKDONDOLQHVXUIDFWDQWSRO\PHUIORRGLQJWHFK
QRORJ\$FWD3HWURO6LQLFD  
>@6HULJKW 5 =KDQJ * $NDQQL 2 :DQJ '
 $FRPSDULVRQRISRO\PHUIORRGLQJZLWK
LQGHSWKSURILOHPRGLILFDWLRQ-RXUQDORI&DQD
GLDQ3HWUROHXP7HFKQRORJ\  
>@/L=  7HFKQLFDODQGHFRQRPLFSRWHQWLDO
IRUSRO\PHUIORRGLQJLQ6KHQJOLRLOILHOG3HWUR
OHXP([SORUDWLRQDQG'HYHORSPHQW  


5()(5(1&(6

>@ 'HQJ6%DL5&KHQ--LDQJ=&KHQ=
  3URGXFHG ZDWHU IURP SRO\PHU IORRGLQJ
SURFHVVLQFUXGHRLOH[WUDFWLRQFKDUDFWHUL]DWLRQ
DQG WUHDWPHQW E\ D QRYHO FURVVIORZ RLOZDWHU
VHSDUDWRU 6HSDUDWLRQ  3XULILFDWLRQ 7HFKQRO
RJ\  
>@ =HUSD /(4XHLSR193LQWRV66DODJHU
-/  $QRSWLPL]DWLRQPHWKRGRORJ\RIDO
NDOLQH±VXUIDFWDQW±SRO\PHU IORRGLQJ SURFHVVHV
XVLQJILHOGVFDOHQXPHULFDOVLPXODWLRQDQGPXO
WLSOHVXUURJDWHV-RXUQDORI3HWUROHXP6FLHQFH 
(QJLQHHULQJ  
>@ %DR0&KHQ4/L<*XDQ&  %LR
GHJUDGDWLRQRISDUWLDOO\K\GURO\]HGSRO\DFU\OD
PLGHE\EDFWHULDLVRODWHGIURPSURGXFWLRQZDWHU
DIWHUSRO\PHUIORRGLQJLQDQRLOILHOG-RXUQDORI
+D]DUGRXV0DWHULDOV  
>@ &KRL6.6KDUPD00%U\DQW6/+XK
&  3KVHQVLWLYHSRO\PHUVIRUQRYHOFRQ
IRUPDQFHFRQWURODQGSRO\PHUIORRGLQJDSSOLFD
WLRQV63(5HVHUYRLU(YDOXDWLRQ (QJLQHHULQJ
  
>@ &XL = 'X ; 3HL ; -LDQJ - :DQJ )
  6\QWKHVLV RI GLGRGHF\OPHWK\OFDUER[\O
EHWDLQH DQG LWV DSSOLFDWLRQ LQ VXUIDFWDQW±SRO\
PHU IORRGLQJ -RXUQDO RI 6XUIDFWDQWV  'HWHU
JHQWV  
>@ &KDQJ+  3RO\PHUIORRGLQJWHFKQRORJ\
\HVWHUGD\WRGD\DQGWRPRUURZ-RXUQDORI3H
WUROHXP7HFKQRORJ\  
>@ 6KHQJ-/HRQKDUGW%$]UL1  6WDWXV
RISRO\PHUIORRGLQJWHFKQRORJ\-RXUQDORI&D
QDGLDQ3HWUROHXP7HFKQRORJ\  
>@ :DQJ'6HULJKW56KDR=:DQJ-  
.H\DVSHFWVRISURMHFWGHVLJQIRUSRO\PHUIORRG
LQJDWWKH'DTLQJRLOILHOG63(5HVHUYRLU(YDO
XDWLRQ (QJLQHHULQJ  
>@ -RKDQVHQ7:LQWKHU5  7KHVROXWLRQRI
WKH5LHPDQQSUREOHPIRUDK\SHUEROLFV\VWHPRI
FRQVHUYDWLRQ ODZV PRGHOLQJ SRO\PHU IORRGLQJ
6LDP-RXUQDORQ0DWKHPDWLFDO$QDO\VLV  

>@'DZVRQ5/DQW]5  ,QDFFHVVLEOHSRUH
YROXPH LQSRO\PHU IORRGLQJ 6RFLHW\ RI 3HWUR
OHXP(QJLQHHUV-RXUQDO  
>@%RQGRU 3 +LUDVDNL * 7KDP 0  
0DWKHPDWLFDOVLPXODWLRQRISRO\PHUIORRGLQJLQ
FRPSOH[UHVHUYRLUV6RFLHW\RI3HWUROHXP(QJL
QHHUV-RXUQDO  
>@/L6<DQJ=6RQJ..DQJ:  (I
IHFW RI FUXGH RLO HPXOVLRQ RQ HQKDQFHG RLO UH
FRYHU\LQDONDOLQHVXUIDFWDQWSRO\PHUIORRGLQJ
$FWD3HWURO6LQLFD  
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>@:DQJ%&KHQ</LX6:X+6RQJ+
  3KRWRFDWDO\WLFDO YLVEUHDNLQJ RI
ZDVWHZDWHUSURGXFHGIURPSRO\PHUIORRGLQJLQ
RLOILHOGV&ROORLGV 6XUIDFHV$3K\VLFRFKHPL
FDO (QJLQHHULQJ$VSHFWV  
>@+RX-  1HWZRUNPRGHOLQJRIUHVLGXDORLO
GLVSODFHPHQWDIWHUSRO\PHUIORRGLQJ-RXUQDORI
3HWUROHXP6FLHQFHDQG(QJLQHHULQJ  


5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
$LFKXDQ/L
+HLORQJMLDQJ%D\L$JULFXOWXUDO8QLYHUVLW\
+HLORQJMLDQJ'DTLQJ±&KLQD
HPDLO IHQJZHL#FRP
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into food for fish, waterfowl, insects, large
mammals, and microorganisms during growth.
Plants release oxygen to the water during the
growth process, changing the water environment
and providing growth for organisms in the water.
Necessary conditions [2]. Submerged plants are
rooted in the bottom mud, and the plants grow in
the water, occupying the entire water body, and also
have many important ecological functions, such as
improving the self-purification ability of the lake
ecosystem and forming a reasonable ecological
structure. However, the life cycle of submerged
plants is generally relatively short [3]. When the
submerged plant decomposes and decomposes, the
plant photosynthesis stops and the oxygen release
ends. In the process of decomposing plant debris,
bacteria and fungi consume oxygen in the water
body, aggravating the deterioration process of water
quality [4]. Therefore, it is especially important to
control and manage lakes dominated by submerged
plants.
Ceratophyllum demersum L. is a submerged
aquatic plant of the genus Ceratophyllum genus
Ceratophyllum, perennial herb, also known as fine
grass, soft grass, and fish grass. The whole plant is
dark green [5-7]. The stems are delicate and
branched. Impellers born, 6-8 leaves per round;
sessile; leaf blades bifid or lobed, lobes linear, with
spiny small teeth. Flowers small, unisexual,
monoecious or heterosexual, axillary, without
perianth; total bracts 8-12, subulate; male flowers
with most stamens; female flowers with 1 pistil,
ovary long oval, superior, 1-celled ; Style is
diamond-shaped [8-13]. Small nuts, oval, smooth.
Styles persistent, with thorns at base. Flowering
period from June to July, fruiting period from
August to October.
Ceratophyllum demersum L. has been grown
in the still water of small lakes for many years [1416]. It used to be common in ponds and ditches. It
can be used as feed for pigs, fish and poultry. The
whole herb is used in medicine, which can be
harvested in four seasons and dried in the sun.
Attending blood heat vomiting blood; coughing up
blood; hot shower astringent pain. It is distributed
all over the world.
After the submerged plants are gradually

ABSTRACT
Ceratophyllum demersum L. is a common
aquatic herbaceous plant with strong vitality and
wide temperature adaptability. It can grow well
ZKHQ WKH ZDWHU WHPSHUDWXUH LV DV ORZ DV ႏ ,W LV
found in natural waters in North China, East China,
Central China, and Southwest China. It is distributed and is an important primary producer of ecosystems. The purpose of this study is to establish a
numerical model of Ceratophyllum demersum L.
individual growth, using the visual modeling software STELLA to describe the key process of Ceratophyllum demersum L. growth and its relationship
with environmental parameters, with net growth
(Ngrowth) = total growth (Ggrowth) – Respiration
– Ekelp is the basic framework to simulate and
predict the biomass and leaf length changes of Ceratophyllum demersum L. The model simulates the
fit between the length and dry weight results of
Ceratophyllum demersum L. and the measured
values. The R2 values are 0.945 and 0.964, respectively, indicating that the model can well reflect the
true growth of Ceratophyllum demersum L. A reliable individual growth model is the basis for evaluating the cultivation capacity of Ceratophyllum
demersum L. and can provide the basis for decision-making for the spatial planning of the cultivation area of Ceratophyllum demersum L.

KEYWORDS:
Ceratophyllum demersum L., Submerged plant, STELLA, Growth simulation

INTRODUCTION
As a major producer, submerged plants have
ecological functions such as providing food and
habitat for aquatic organisms such as fish and
shrimp, improving the self-purification capacity and
transparency of water bodies, and playing an
indispensable role in the ecological balance and
biodiversity of lakes [1]. Submerged plants are a
vital component of aquatic ecosystems. Submerged
plants convert chemical elements and solar energy
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restored, a series of environmental effects will
occur. The presence of submerged plants changes
the structure of the river flow, increases the
resistance of the water flow and the roughness
coefficient, and thus accelerates the settlement of
suspended sand. Sand also has a certain adsorption
and filtration effect, thereby reducing the suspended
sand content in the water; submerged plants can
absorb nitrogen and phosphorus nutrients in the
water, effectively purify the water quality, and can
directly release allelopathy by competing with
planktonic algae for nutrients [17].
The purpose of this study is to establish a numerical model of Ceratophyllum demersum L.
individual growth, using the visual modeling software STELLA to describe the key process of Ceratophyllum demersum L. growth and its relationship
with environmental parameters.

light suppression model:

(5)
In the formula, Iopt is the optimal light intensity for photosynthesis, and I is the light intensity
reaching the surface of Ceratophyllum demersum
L.
Expression formula for salinity limitation:

(6)
Growth depends on intracellular concentration:

(7)
In the formula, Nint and Nimin are the content
of free N in kelp and the minimum requirement of
free N in kelp, respectively, and Kq is the halfsaturation assimilation coefficient of N.
Ceratophyllum demersum L. Withered equation:

MATERIALS AND METHODS
Model function. Ceratophyllum demersum
L.'s net growth (Ngrowth) is determined by the
difference between its total growth (Ggrowth) and
respiration (resp) and decay (Ekelp):
(1)

(8)
Topt is the optimum growth temperature of
Ceratophyllum demersum L. T is the temperature
measurement value at different moments, P is the
empirical coefficient corrected by the model, which
is 1.05, and Emax is the maximum decaying rate of
Ceratophyllum demersum L.

(2)
In the formula, RPD[ႏ is the maximum respiUDWLRQ UDWH DW ႏ T is the empirical coefficient,
and it is 1.02 after model correction.
Ggrowth is jointly affected by changes in kelp
maximum growth rate ( P max), temperature (T),
light limitation (I), salinity limitation (S), and nutrient limitation (N, P). Using the multiplication restriction method, namely:

RESULTS AND DISCUSSION
Analysis of influencing factors. The temperature in the breeding area is a key environmental
factor that must be considered by the cultured organisms. Different algae have their optimal growth
temperature. If the temperature is higher or lower
than the optimal growth temperature of farmed
organisms, it may cause stress, cause the destruction of cell membrane structure, inhibit the growth
of farmed organisms, and cause individual damage
or even death. Figure 2 is the output curve of the
model temperature forcing function.
Ceratophyllum demersum L. is relatively coldtolerant, heat-tolerant, and grows at a moderate
temperature. From September to March in the second year, it is 7 to 10°C, and March to September is
13 to 16°C. The seedlings pass through the vernalization stage at 5°C. . High temperature is unfavorable for the growth and development of Ceratophyllum demersum L. The suitable temperature for
flowering is 15- ႏ DQG VRPH YDULHWLHV KDYH D
WHPSHUDWXUH H[FHHGLQJ ႏ ZLWKRXW EUDQFKLQJ

(3)
The growth of Ceratophyllum demersum L.
follows a partial normal distribution around the
optimum temperature, so the following temperature
function is used:

(4)
In the formula, Topt and Tx represent Ceratophyllum demersum L. The optimum temperature
and ecological temperature range for growth; when
77RSW7[ 7PLQ ORZHUOLPLWRIWHPSHUDWXUHHFR
logical range); when T>Topt, Tx=Tmax (temperature ecological Limit).
Ceratophyllum demersum L. Photosynthesis is
inhibited under high-intensity light intensity, and
growth is inhibited. Therefore, the light function
uses the Steele formula for the optimal curve of the

359

© by PSP

Volume 30– No. 01/2021 pages 358-364

Fresenius Environmental Bulletin

which affects the plant state.
The nutrients in the cultivation area play a vital role in the growth of Ceratophyllum demersum
L. The low nutrients limit the cultivation capacity
to a certain extent, make it difficult for external
nutrients to enter, and become a key factor limiting
the productivity of water bodies. The P content in
the water body is less, and Ceratophyllum demersum L. requires less P inside the growth. The ratio
of nitrogen to phosphorus meets the growth condi-

tions of Ceratophyllum demersum L. According to
Figure 3, the value of f (P) is stable at about 0.8, the
value of f (N) is stable at about 0.7, and the value of
f (NP) shown in Figure 4 is stable at 0.6~0.9. Despite the low concentration of N and P in the water,
the continuous supply of N and P in the sediment
can still meet the growth needs of Ceratophyllum
demersum L., which weakens the restriction of
Ceratophyllum demersum L. by the low content of
N and P in the water.

FIGURE 1
Flow chart of kelp growth model based on Stella software

FIGURE 2
Output curve of the model temperature forcing function
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(a)

(b)
FIGURE 3
The value of f (P) and f (N)

FIGURE 4
The value of f (NP)
of Ceratophyllum demersum L. in high, middle and
low areas are mostly within the standard error range
of the measured values, which can better simulate
the general growth status of kelp in different regions. Using the measured and simulated values of
the length and dry weight of the same period, a
scatter plot is drawn and fitted with the linear formula of y=x, and R2 is 0.945 and 0.964, respectively.

Growth simulation value and measured
value. The measured and simulated values of Ceratophyllum demersum L. length and dry weight are
shown in Figure 5 and 6. From the comparison
between the simulated growth curve and the measured value of Ceratophyllum demersum L., the
model can better simulate the growth of Ceratophyllum demersum L. under different environments. The length and dry weight simulation values
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(a)

(b)
FIGURE 5
The measured and simulated values of Ceratophyllum demersum L. length
The Ceratophyllum demersum L. individual
model established in this study can better simulate
the growth of Ceratophyllum demersum L. under
different environmental conditions. Some of the
simulated values are slightly lower than the measured values in the late growth period. It is speculated that Ceratophyllum demersum L. in the late
growth period, the leaf of the algae is relatively
large, resulting in a self-shading effect of light. At
the same time, the impact of Ceratophyllum demersum L. individual growth process without the addition of flow rate in the model may affect the accu-

racy of the model. The parameters in the model are
mainly corrected according to the data in the literature. Due to certain differences in environmental
conditions, there are It may cause deviation of some
simulated values from the actual measured values.
We believe that the establishment of the model
should comprehensively consider environmental
factors and combine the biological characteristics of
the simulated species to determine relevant parameters, so as to better play the role of the model's
prediction.
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(a)

(b)
FIGURE 6
The measured and simulated values of Ceratophyllum demersum L. dry weight
fit between the length and dry weight results of
Ceratophyllum demersum L. and the measured
values. The R2 values are 0.945 and 0.964, respectively, indicating that the model can well reflect the
true growth of Ceratophyllum demersum L. A reliable individual growth model is the basis for evaluating the cultivation capacity of Ceratophyllum
demersum L. and can provide the basis for decision-making for the spatial planning of the cultivation area of Ceratophyllum demersum L.

CONCLUSION
The purpose of this study is to establish a numerical model of Ceratophyllum demersum L.
individual growth, using the visual modeling software STELLA to describe the key process of Ceratophyllum demersum L. growth and its relationship
with environmental parameters, with net growth
(Ngrowth) = total growth (Ggrowth) – Respiration
– Ekelp is the basic framework to simulate and
predict the biomass and leaf length changes of Ceratophyllum demersum L. The model simulates the
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PM2.5 CONCENTRATION PREDICTION BASED ON
HIERARCHICAL ATTENTION LSTM IN BIG DATA
ENVIRONMENT
Dongxia Qin*
College of Network Engineering, Zhoukou Normal University, Zhoukou, 466001, Henan, China

change trend of air pollution, to prevent the atmospheric environment from being damaged, and to prevent the occurrence of serious pollution. Air pollution prediction is related to people's own health, the
sustainable development of economy and the coordinated development of human and environment,
which has been widely concerned by various countries [2]. The United States is one of the earliest
countries in the world to study air pollution prediction and research PM2.5. Fortunately, after the implementation of a series of measures, the urban air
pollution situation has obviously improved, which
has become one of the earliest air pollution control
cases in the world [3].
Although industrial development in China
started later than other developed countries, with the
passage of time, the air pollution problem has become more and more serious. The prediction of
PM2.5 concentration can better grasp the spatial and
temporal distribution of PM2.5 in the atmosphere,
which is helpful to analyze the impact of emission
sources and meteorological factors on air quality. It
can provide timely and accurate air quality information for relevant environmental monitoring departments and managers to promote the implementation of air pollution prevention and control policies
and to strengthen the control of atmospheric environmental pollution. Moreover, the prediction of PM2.5
concentration can provide reference for the arrangement of public social activities, improve the quality
of public life and enhance the public environmental
awareness [4]. In addition, the prediction of PM2.5
concentration is a symbol of a country's civilization
level. High quality air is a valuable resource for sustainable development, which will produce inestimable economic benefits. However, the PM2.5 concentration is affected by emission sources, pollutants,
meteorological conditions and terrain characteristics
of the study area [5]. The composition and proportion of the above factors as well as the composition
and contribution rate of the emission sources have
obvious spatiotemporal heterogeneity, and the atmospheric environmental system has the characteristics of multivariable, nonlinear and complex internal mechanism. Therefore, it is more difficult to predict the PM2.5 concentration [6]. The commonly
used PM2.5 prediction methods include processbased and data-based prediction methods [7]. The

ABSTRACT
In order to solve the problem of the relatively
low accuracy of current PM2.5 concentration prediction, a PM2.5 concentration prediction based on
deep learning in a big data environment is proposed.
First, observation data related with PM2.5 concentration are collected and standardized per hour from
atmospheric background monitoring station of
Zhoukou City, and the features of the data are extracted by principal component analysis (PCA) as
the input variables of the model. Then, hierarchical
attention long short-term memory network (LSTM)
and radial basis function (RBF) neural network are
used to obtain spatiotemporal features. Finally,
PM2.5 concentration data, meteorological station
observation data and weather element grid data are
fused to generate spatiotemporal sequence data for
training and testing, which are input into a fully connected layer to obtain the prediction results. Based
on Python platform and machine learning library, the
prediction experiment on PM2.5 monitoring data in
Zhoukou City is carried out by using the proposed
model. The results show that compared with other
models, the prediction value of the proposed model
is the closest to the real value. The proposed model
has high generalization ability, which can effectively
improve the prediction accuracy of PM2.5 concentration for a long time.

KEYWORDS:
Air pollution, PM2.5 concentration prediction, Big data,
Hierarchical attention LSTM, RBF neural network, Fusion
processing

INTRODUCTION
With the rapid development of industrialization
and urbanization, human society has made great progress. However, with the progress of society, the
problem of environmental pollution has become increasingly prominent, especially in the air, water and
other aspects closely related to human daily life [1].
Atmospheric environment is the material basis and
space place for human survival. The purposes of
studying air pollution prediction are to obtain the
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process-based PM2.5 prediction method mainly
studies the mechanism and process of air pollution
by simulating the generation, transportation, transformation and sedimentation process of pollutants. It
has a solid scientific theoretical basis and realizes a
more comprehensive prediction of air pollution.
However, the parameters required for modeling such
as model resolution, meteorological boundary conditions and emission source list are difficult to determine and the calculation is complex. What was
worse, it is inevitable to approximate and simplify
the atmospheric physical and chemical processes
that cause air pollution, which affects the prediction
accuracy [8] [9]. In reference [10], a PM2.5 prediction model based on deep neural network (DNN) was
proposed. The model used remote sensing aerosol
optical depth (AOD) data from Himawari-8 satellite
to capture the temporal and spatial variation of
PM2.5 on the ground. The effectiveness of the
method was verified by comparing with the conventional meteorological forecasting methods. The process-based PM2.5 prediction method does not require in-depth analysis of atmospheric physical and
chemical mechanism. It can establish the mapping
relationship between relevant variables and PM2.5
concentration, based on environmental monitoring
data to predict the PM2.5 concentration, which has
strong generality [11]. Reference [12] proposed a
self-adaptive neuro-fuzzy weighted extreme learning machine (SANFIS-WELM) based on the combination of weighted extreme learning machine
(WELM) and self-adaptive neuro-fuzzy inference
system (SANFIS). The optimal parameters and
weights are assigned to the WELM by local
weighted linear regression, and the regularized
WELM objective function with equality constraints
is optimized to calculate the output weight matrix.
Finally, the predicted matrix is calculated to predict
the concentration of air pollutants.
The data-based PM2.5 prediction method is
mainly based on data-driven, which relies on the
analysis of a large number of historical data to get
the relationship between independent variables and
dependent variables. In this way, the prediction
model is constructed [13]. The data-based PM2.5
prediction contains linear modeling method based on
linear regression (LR) and nonlinear modeling
method based on neural network (NN) [14] [15]. LR
modeling is convenient and easy to implement, but it
is a linear model, which is not suitable for modeling
nonlinear atmospheric environment system. Therefore, a data-driven model called long short-term
memory fully connected (LSTM-FC) neural network
was proposed in reference [16], which was used to
predict PM2.5 pollution data, meteorological data,
weather forecast data of a specific monitoring station
within 48 hours based on history air quality. The
model consists of two parts: a time simulator based
on long short-term memory (LSTM) to model the lo-

cal variation of PM2.5 pollution, and a spatial combination based on neural network to capture the correlation between the PM2.5 pollution of the central
station and the adjacent stations. Reference [17] proposed a hybrid model based on deep learning, which
integrated graph convolutional networks and long
short-term memory networks (GC-LSTM) to model
and predict the temporal and spatial variation of
PM2.5 concentration. The historical observation
data of different stations were constructed into a series of spatiotemporal maps, and the historical air
quality variables, meteorological factors, spatial and
temporal attributes were defined as map signals to
predict PM2.5 concentration. NN has strong nonlinear processing ability and learning ability, but the inference process and mapping relationship are difficult to understand. Fuzzy system (FS) has strong inference and expression ability, which can effectively
deal with imprecise information, but it cannot adjust
fuzzy rules through training, lacking of learning ability. In reference [18], gaseous pollutant data (NO2,
SO2, CO and O3) related to primary emission and
secondary conversion of pollutants were introduced
into the deep neural network model as predictive factors to improve the underestimated factors of high
PM2.5 concentration based on AOD and meteorology. The fuzzy neural network (FNN), which combines NN and FS, has both the advantages of NN and
FS. It not only has the learning performance of NN,
but also has the inference performance of FS. FNN
has stronger data processing ability, but its structure
is fixed, so it is difficult to determine the appropriate
structure to predict the PM2.5 concentration. Reference [19] established a regional pollutant concentration prediction model based on satellite remote sensing data by using BP neural network, and realized
the prediction of PM2.5 concentration within 3
hours. The algorithm effectively established the correlation between AOD and PM2.5 concentration,
suppressed the overfitting, and remedied the limitations of machine learning for single site prediction.
Self-organizing fuzzy neural network (SOFNN) can
adjust the structure through training and automatically determine the number of fuzzy rules required
for specific problems. It has been successfully applied in process modeling, pattern recognition and
intelligent control [20] [21]. Therefore, using
SOFNN to predict PM2.5 concentration is an effective way to improve the prediction performance of
PM2.5 concentration.
Based on the above analysis, aiming at the item
based collaborative filtering recommendation algorithm widely used in recommendation system, a similarity matrix construction method based on MapReduce framework is proposed. The basic ideas are as
follows: 1) dataset item partition based on improved
locality sensitive hashing (LSH) algorithm; 2) similarity calculation within item based on Pearson correlation measure; 3) similarity calculation between
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items. Compared with the similarity matrix construction method of conventional collaborative filtering
algorithm, the innovations of the proposed method
lie in the following aspects:
(1) Because meteorological factors have great
influence on the prediction accuracy of PM2.5 concentration, RBF neural network is used to obtain the
more accurate spatial characteristics of temperature,
relative humidity, wind power and other elements related to the site.
(2) In order to better express the correlation between different levels of stacked LSTM, a self-attention mechanism is adopted to form hierarchical attention LSTM. Meteorological elements and air pollution concentration data after preprocessing are input into the network to obtain accurate time characteristics.
(3) Aiming at the problem of the low accuracy
of the existing PM2.5 concentration prediction, the
proposed method inputs the temporal and spatial
characteristics of multiple meteorological elements
into a fully connected layer to obtain the prediction
results. After deep learning training, the prediction
performance of the model is further improved.

Zhoukou City from June 2018 to May 2019 to analyze aerosol scattering characteristics, the results
show that the prevailing northeast wind in winter and
spring brings the polluted air to Zhoukou, which increases the air pollutants in the region, and the prevailing southwest wind in summer and autumn transports the relatively clean air from the southern urban
area to Zhoukou, resulting in less pollution [22].
Moreover, by calculating the correlation coefficient
between the daily average visibility and PM2.5 concentration in Zhoukou City, it is pointed out that the
main influencing factor of visibility is the scattering
effect of secondary aerosol [23].
PM2.5 concentration variation characteristics. The hourly change trends of PM2.5 concentration, temperature, relative humidity, wind speed,
wind direction, atmospheric pressure, visibility and
aerosol optical depth (AOD) in Zhoukou from January 14 to January 23, 2019 are shown in Figure 1 (a)(h).
In Figure 1, the cumulus cloud on the top of the
planetary boundary layer (PBL) on January 19 resulted in the missing of most AOD data of Zhoukou
City. Therefore, the change trend of AOD shown in
Figure 1 (h) ranged from 0:00 on January 14 to 12:00
on January 18 and from 0:00 on January 20 to 23:00
on January 23. It can be seen from Figure 1 (f) that
Zhoukou City maintained high pressure from January 16 to January 18, 2019, and turned to low pressure on January 20, 2019. This meteorological condition was not conducive to the diffusion of pollutants, resulting in haze weather from January 16 to
January 19 in Zhoukou City, and the PM2.5 concentration kept rising trend [24]. During the haze period,
the surface wind speed of Zhoukou City was low,
which further promoted the accumulation of pollutants. On the afternoon of January 18, the surface
wind direction of this area changed from northeast
wind to southwest wind, which transported air pollutants from surrounding cities to Zhoukou City, resulting in the maximum PM2.5 concentration on January 19 in Zhoukou City.
At the same time, during this period, the temperature and relative humidity showed obvious daily
variation trend: the temperature continued to rise,
and the relative humidity maintained a high level.
Due to the scattering and absorption effects of aerosol on light, the visibility of Zhoukou City from January 16 to January 19 continued to decrease. The
AOD increased gradually from January 16 to January 18, and reached the maximum value on January
19, which was consistent with the change trend of
PM2.5 concentration. A strong Mongolian anticyclone from the north ended the haze on January 20.
In addition, the PM2.5 concentration in Zhoukou
City remained at a low level except for the haze during the monitoring period. In conclusion, PM2.5
concentration in Zhoukou City is seriously affected

MATERIALS AND METHODS
Geographic location of the research site. In
this paper, atmospheric background monitoring station in Zhoukou City, Henan Province is selected as
the research site, which is located in the hinterland
of Huanghuai Plain. The prevailing wind direction of
the station is affected by valley topography, mainly
northeast wind and southwest wind. When the northeast wind comes, the air pollutants from Kaifeng
City and its surrounding towns are transported to
Zhoukou City, which makes the air quality in this
area decline. When the wind in other directions
comes, it brings clean air to the area and makes the
air quality rise.
Many researchers have made detailed analysis
on the concentration, composition and scattering
characteristics of PM2.5. The PM2.5 samples were
collected in 2009 from April 6 to May 1 (spring),
July 9 to August 4 (summer), October 11 to November 4 (autumn) and January 14 to February 8, 2010
(winter) in Zhoukou City. The inorganic elements in
PM2.5 samples were analyzed by polypropylene filter, and the carbon content and water-soluble inorganic ions in PM2.5 samples were analyzed by
quartz fiber filter. The results show that PM2.5 in
Zhoukou City is mainly composed of elemental carbon (EC), organic carbon (OC), secondary inorganic
ions and inorganic elements. The concentrations of
PM2.5 and its components have obvious seasonal
variation characteristics.
In addition, through the measurement of aerosol scattering coefficient and PM2.5 concentration in
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Change trends of parameters in Zhoukou during monitoring
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ity, AOD, CO, NO2, O3 and SO2 concentrations, respectively. The data array of predicted PM2.5 concentration is recorded as y.
In the process of collecting data of meteorological variables, air pollutants and AOD by monitoring
instruments, the units and magnitude orders of each
variable are different [26]. If the original data without any processing are directly used in the establishment of PM2.5 soft sensor model, it will not only affect the extraction effect of PCA for feature variables, but also affect the prediction accuracy of PM2.5
soft sensor model. Therefore, it is necessary to standardize the data to make the magnitude orders of different variables consistent and eliminate the difference of magnitude between data. It ensures correct
extraction of characteristic variables by PCA and accurate prediction of PM2.5 by soft sensor model. The
formula for data standardization is as follows:
§ xij  x j ·
Z
zij
¨¨
¸¸
mu n
© G j ¹ mu n
(1)
2
1
1
m
m
xj
¦ xij , G j m ¦ i 1 xij  x j
m i1
Where Z is the matrix obtained after standardization of measured data of temperature, relative humidity, wind speed, wind direction, air pressure, visibility, AOD, CO, NO2, O3 and SO2 concentrations.
xij and zij are the i-th sampling values of the j-th

by meteorological variables and closely related to
AOD.
Data collection and preprocessing. According to the analysis results of variables related to
PM2.5, the hourly data of temperature, relative humidity, wind speed, wind direction, air pressure, visibility, AOD, CO, NO2, O3, SO2 and PM2.5 concentrations were collected by corresponding measuring instruments from January 14 to January 23, 2019
in Zhoukou City. The measuring instruments of temperature, air pressure and relative humidity were set
at the height of 1.5 meters, and the measuring instruments of wind speed and wind direction were located
at the height of 10 meters. The visibility was monitored by the FD 12 forward scattering visibility meter produced by Vaisala Company of Finland. AOD
data was obtained from lidar. CO, NO2, O3 and SO2
were respectively monitored by TE48C CO analyzer, TE 42CTL NOx analyzer, TE49C O3 analyzer
and TE43C SO2 analyzer produced by American
Thermal Environmental Instruments Company. The
accuracies of these four gas analyzers are 0.1ppm,
0.4ppb, 1.0ppb and 1.0ppb respectively. PM2.5 concentration was monitored by TEOM 1400a micro oscillating balance. The gas and PM2.5 measuring instruments were placed at constant temperature. For
the TEOM 1400a balance instrument, a hydrophobic
filter was added inside to reduce the humidity of the
incoming sampling air. In order to avoid the influence of water vapor and semi volatile compounds
such as ammonium nitrate on PM2.5 measurement
results, the sampling air flow was pre heated to 50
°C. At the same time, the load rate of the filter and
the flow of TEOM were checked once a week. When
the load rate of the filter exceeded 30%, the filter was
replaced. The sampling period of PM2.5 was set to 5
minutes, and then the measured value was converted
to the hourly average value. The gas analyzer was
automatically calibrated by TE 146C dynamic gas
calibrator and TE 111 zero air generator. Multi-point
calibration was carried out every 3-6 months.
During the monitoring period, 240 groups of
monitoring data of meteorological variables, air pollutants and AOD were obtained. The hourly data of
temperature, relative humidity, wind speed, wind direction, air pressure, visibility, AOD, CO, NO2, O3
and SO2 concentrations were matched with PM2.5
concentration data after 24 hours [25]. Because the
monitoring data of PM2.5 concentration from 0:00
to 23:00 on January 23, 2019 were missing, the monitoring data in this period were removed, and the
monitoring data of missing AOD data were removed.
Finally, 181 groups of data were obtained. The monitoring data matrix used in principal component analysis (PCA) is recorded as X > x1 , x2 ,  , x11 @ , where

variable before and after standardization. x j and G j
are the mean and standard deviation of the j-th variable for the original data, where i=1,2,…,m,
j=1,2,…,n, m=181, n=11.

THE PROPOSED PM2.5
CONCENTRATION PREDICTION MODEL
Problem description. The purpose of PM2.5
concentration prediction is to predict the PM2.5 concentration of the target site after a fixed period of
time (such as 24h, 48h, 72h) based on the observation values in the past (such as 24h, 36h, 48h before).
Suppose there are N different observation sites, for
a given time t , the obtained data form a set
A ^ A1 , A2 ,  , An ` . The data of site n in the past

L hour is expressed as An ^ X t  L , X t  L 1 ,, X t ` (
L time steps in total). Each observed value X t in
the sequence is a d-dimensional vector, which is
composed of pollutant concentration and observed
values of some meteorological elements. The M u N
grid is used to represent the spatial area of Zhoukou
City. Each cell in the grid has P measured values
that change over time. The meteorological observation data of Zhoukou City at time t can be expressed
by tensor RtPu M u N . The data in the past L hours can
form
a
sequence
tensor

x1 , x2 ,  , x11 represents temperature, relative humidity, wind speed, wind direction, air pressure, visibil-
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, RtPuLM1u N ,  , RtPu M u N ` . The spatial

research results of the traditional strict difference
method in multi-space [28]. Its basic idea is to use
the radial basis function as the "basis" of hidden
layer elements to construct a hidden layer space. In
this way, the input vector can be directly mapped to
the hidden layer space, without weight connection.
When the center point of the radial basis function is
determined, the mapping relationship is determined
[29]. The mapping from the hidden layer space to the
output space is linear, that is, the output of the network is the linear weighted sum of the hidden layer
outputs. The network structure is shown in Figure 3.

feature of target site n is extracted from the tensor
RA , and its value at time t  1, t  2, , t  K is
predicted by using set A . From the perspective of
machine learning, this problem can be regarded as a
spatiotemporal series prediction problem.
Structure of the proposed model. The proposed PM2.5 concentration prediction model contains two main modules: radial basis function (RBF)
neural network to obtain spatial features, and hierarchical attention long short-term memory (LSTM)
network to obtain temporal features. The research
data includes hourly air pollutant concentration observation data from 10 stations of Zhoukou Meteorological Bureau, hourly meteorological element observation data and grid 3D meteorological element
objective analysis data of Zhoukou City. The structure of the whole model is shown in Figure 2.
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FIGURE 3
Structure of RBF neural network

RBF neural
network

The mapping relation of RBF is composed of
two parts. Suppose input dimension of RBF network
is n , number of hidden units is P and output dimension is m .
The output of the i-th hidden layer unit is:
§ X  ri ·
hi ] ¨
(1)
¸ 1d i d p
© bi ¹
Where ]  is transformation function of hid-

Wind
elements
lattice

Objective analysis data of 3D
meteorological elements

FIGURE 2
Structure of PM2.5 concentration predict model
In order to obtain more relevant and accurate
spatial features, the sub grid of 112x112 centered
with station is taken from the whole three-dimensional meteorological element objective analysis
grid as the input, and the spatial features of temperature, relative humidity and wind elements are obtained by RBF neural network. The hierarchical attention LSTM model for obtaining temporal features
includes stacked LSTM and self-attention mechanism, with 128 nodes in each layer. Meteorological
elements and air pollution concentration data after
preprocessing are used as feature vectors of stations
to input into the model for temporal features extraction [27]. The temporal features and spatial features
of multiple meteorological elements are input into
the fully connected layer to obtain the prediction results.

den unit, namely RBF, which is a nonnegative nonlinear function with local distribution and radial attenuation to the center; ri is the center of i-th RBF;

 is Euclidean norm, usually 2-norm; X is n-dimensional
input
vector,
recorded
as
T
X > x1 , x2 , , xn @ ; bi is the width of i-th nonlinear
transformation.
RBF function contains many forms, such as
multiple
quadratic
function
2
2
] r
r  b ,b >0,r  R ; inverse multiple quadratic

function

] r

1
2

r  b2

,b >0,r  R

and

§ r 2 ·
exp ¨ 2 ¸ ,b >0,r  R .
© 2b ¹
The most commonly used RBF function is
Gaussian function, whose adjustable parameters are
center and width. When this kind of function is used,

Gauss function ] r

(1) RBF for obtaining spatial features. RBF
neural network is a kind of neural network proposed
by J. Moody and C. Darken at the end of 1980s. The
radial basis function (RBF) method makes use of the
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there are three groups of adjustable parameters of the
whole network, including central position and width
of each basis function and weight of output unit [30]
[31].
The output of the j-th output layer unit is:
yi

¦

p

h Zij 1 d j d m

Where Zij is the connection weight between
the i-th hidden layer unit and the j-th output layer
unit.
(2) Hierarchical attention LSTM for obtaining temporal features. When LSTM is stacked on
the time dimension, new information is added in
each iteration of the time step, and the network can
transmit the information to update the network [32].
LSTM essentially provides unlimited memory
depth, but network update cannot provide hierarchical processing of information.
Hierarchical architecture allows for greater
model complexity, focusing on basic concepts at the
lower level and more abstract features at the higher
level. In order to learn the hierarchical representation
of time series data, the stacked LSTM layer is
adopted. Each LSTM layer outputs a vector sequence as the input of the subsequent LSTM layer,
which creates more effective feature representation
for the input data and enhances the expression ability
of the model [33] [34].
In order to better represent the correlation between different levels of stacked LSTM, self-attention mechanism is used. The traditional attention
model introduces external information, which is
more similar to an alignment mechanism, so as to
measure the matching degree between the current
position of the output and the specified position of
the input. However, the self-attention mechanism
does not need external information, only updates the
learning parameters through its own information
[35].
The hierarchical attention LSTM model is
shown in Figure 4, which is composed of stacked
LSTM and self-attention mechanism.
CNN

Input

CNN

LSTM1

LSTM1

ĂĂ

LSTM3



Self attention
mechanism

LSTM2

LSTM3



Self attention
mechanism

ĂĂ

ĂĂ

ĂĂ

CNN

LSTM2

LSTM1

LSTM2

LSTM3

v T tanh Ws X t  b

at

Softmax ut

(3)

The dimensions of the vector X t and Ws are
n u r and r u d a , respectively; b and v T are both
vector with dimension d a . ( n is the number of samples processed in a batch; r is the number of LSTM
hidden layer neurons; d a is a super parameter that
can be set arbitrarily). Ws , b and v T are model parameters obtained by learning; X t is the input that
represents the hidden state H t or unit state Ct of
LSTMˈas follows:

(2)

i 1 i

ut

1

2

Ht

ht , ht ,  , ht

Ct

ct 1 , ct 2 ,  , ct l

l

(4)

Where ht l is the hidden state of the l-th layer
on the t-th time step in LSTM; ct l is the unit state of
the l-th layer on the t-th time step in LSTM.
Dot product the weight vector a t with the state
value of LSTM, as follows:
(5)
Yt a t X t
Where Yt is the weighted LSTM hidden state
H tc and weighted LSTM unit state Ctc after the
LSTM unit is updated. The attention mechanism is
used to calculate the weight, and then the hierarchical states are weighted according to the importance. The weighted states Yt can dynamically
capture the relationship between levels and improve
the representation ability of hierarchical features
[36].
Algorithm flow. The specific steps of PM2.5
prediction model are shown in Algorithm 1.
Algorithm 1. Steps of PM2.5 prediction
method. Begin. 1. Preprocess the observation data
of air pollutant concentration and meteorological elements X > x1 , x2 ,  , x11 @ .
2. Calculate the mean and variance of each type

1
1
m
m
¦ xij , G j m ¦ i 1 xij  x j
m i1
3. if x j decreases and G j increases then

of data: x j

2

The data is regarded as wrong data and eliminated from the sample setǄ
4. Replace all missing data by mean value, and
§ xij  x j ·
then normalize the data: Z
zij
¨¨
¸¸
mu n
© G j ¹ mu n
5. These data, together with basic site information and time information, are used as input feature vectors of hierarchical attention LSTM model.
6. Preprocess the objective data of meteorological elements X > x1 , x2 ,  , x11 @ .

Output

FIGURE 4
Structure of hierarchical attention LSTM model
The self-attention mechanism acts on multiple
levels of the stacked LSTM on the same time step. It
takes the hidden state and unit state of the stacked
LSTM as the input and outputs the weight vector:

371

© by PSP

Volume 30– No. 01/2021 pages 365-375

Fresenius Environmental Bulletin

7. The original objective analysis data of meteorological elements are centered with station in
Zhoukou City. The original data are processed into
112 × 112 sub grids, which are stored separately according to the grid of temperature, relative humidity
and wind elements.
8.
Normalize
the
data:
§ xij  x j ·
Z
zij
¨¨
¸¸
mu n
© G j ¹ mu n
9. Data fusion and formatting, set sliding time
window, generate time series data for training and
testing the model, complete the transformation from
original data to tensor.
10. Use time series data to train hierarchical attention LSTM and RBF neural networks, and use
specific evaluation indexes to evaluate the prediction
accuracy of the networks. End

detail in the previous section, the parameter selection
of hierarchical attention LSTM model is mainly considered, including the number of hidden layers, the
number of hidden neurons and training step length.
With the number of hidden neurons increasing, the
learning ability of the hierarchical attention LSTM
structure improves, but the network parameters will
also increase, which has a direct impact on the generalization ability and training time of the model. In
order to find the optimal values of the number of hidden layers, the number of hidden neurons and the
training step length, a large number of experiments
were carried out.
If the training step length is too large, the model
will overfit on training data and consume more time.
The change trend of MAPE of training set and validation set with training step length is shown in Figure 5.
50
45

RESULTS

Train
Validation

MAPE/%

40

Based on the data provided by Zhoukou Meteorological Bureau, Python and machine learning library Scikit-learn are used to preprocess the data and
construct PM2.5 concentration prediction model
based on deep learning. The hierarchical attention
LSTM and RBF deep neural network structures are
built and trained by using deep learning library TensorFlow and Keras.
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FIGURE 5
Change trend of MAPE with step size

Evaluation index. In order to evaluate the performance of the proposed model, root mean square
error (RMSE), mean absolute error (MAE), mean
absolute percentage error (MAPE) and Hill inequality coefficient (TIC) are used as evaluation indexes.
RMSE and MAE are used to evaluate absolute errors, while MAPE is used to measure relative errors.
RMSE and MAE reflect the extreme value effect and
error range of prediction, while MAPE reflects the
specificity of mean value. The calculation of each
method is as follows:

¦

35

On the training set and validation set, the
MAPE gradually decreases with the increase of iteration times. When the number of iterations is more
than 3000, the model is slightly overfitting, which
not only does not improve the generalization ability,
but also has a weak fluctuation. Therefore, the optimal iteration step length is set to 3000. In addition,
on the basis of considerable references, some key parameters of the model are set reasonably: learning
rate is set to 10-3, attenuation rate is set to 0.95, parameter initialization range is set to [- 0.08, 0.08],
and Adam algorithm is used for model optimization.

2

(6)

n
1 n
¦ yi  yˆi
ni1

1 n yi  yˆi
¦
n i 1 yi

Error comparison of concentration prediction of different models. In the experiment, all the
input data were standardized before training and prediction, so the data needed to be recovered after prediction. The data from the last 18 days were used for
testing, and the previous data were used for training.
The results are shown in Figure 6.
As can be seen from the prediction results in
Figure 6 (a), in reference [12], the PM2.5 concentration of the day is more likely to that of the previous
day, so the results are similar to translation of curves.
Figure 6 (b) shows the prediction results of LSTMFC network in reference [16]. Compared with the
model in reference [12], it makes a great progress
and has a significant improvement in accuracy, but

(7)

100%

1 n
2
yi  yˆi
¦
i 1
n
1 n 2
1 n 2
y 
¦
¦ yˆi
i 1 i
n
n i1

(8)

(9)

Selection of key super parameters of model.
PM2.5 concentration prediction model includes RBF
neural network and hierarchical attention LSTM.
Because RBF neural network has been described in

372

© by PSP

Volume 30– No. 01/2021 pages 365-375

Fresenius Environmental Bulletin

the accuracy is poor at several "peak points". Figure
6 (c) shows the prediction results of the proposed
method. The proposed method uses RBF neural network to extract spatial features and hierarchical attention LSTM to extract temporal features. These
features are input to the deep learning model for prediction. Compared with other methods, the prediction results of the proposed method are greatly improved in accuracy, especially for the "peak" position.

for many times, and the predicted value is the average value of the predicted value of each network for
multiple prediction.
As can be seen from the Figure 7, compared
with other models, the prediction accuracy of the
proposed method is higher and the degree of coincidence with the real value is better. Three kinds of
comparative network models were used to predict
PM2.5 concentration. By analyzing the days with
large relative error, it can be concluded that the predicted values with large relative error are basically in
the wave peak and trough, which inevitably exists in
the four models. Compared with other models, there
is a large error in reference [12]. That's because
Elman network model relies on the continuous 5-day
PM2.5 concentration value for prediction. When the
data jumps, there will be a large error. However, the
results of references [16], [18] and the proposed
model are relatively stable. By learning the sample
data, the relationship between input variables and
output variables is directly established, which satisfies one-to-one mapping, so it is more adaptive.
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At present, the situation of air pollution in
China is becoming more and more serious, and the
rapid decline of air quality is a great threat to production and life. The PM2.5 concentration prediction
can monitor the air pollution and prevent the occurrence of serious pollution. However, the impacts of
pollutants and meteorological conditions have increased the difficulty of accurate PM2.5 concentration prediction. Therefore, a PM2.5 concentration
prediction based on deep learning in a big data environment is proposed. Combined with PM2.5 observation data, meteorological real-time data and meteorological element grid data, the proposed model
uses RBF neural network and hierarchical attention
LSTM to obtain the spatial and temporal features of
the data, and carries out fusion processing to obtain
the prediction results of PM2.5 concentration. This
model was used to analyze the PM2.5 concentration
data of Zhoukou City. The results show that the pro-
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FIGURE 6
Error comparison of concentration prediction of
different models
Comparison analysis. In order to further
demonstrate the prediction performance of the proposed model, the model in reference [12], [16] and
[18] are compared and analyzed. The results are
shown in Figure 7. The real value is the average
value of the real value when the network is trained
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posed model can effectively obtain the spatiotemporal features and it is suitable for the prediction of
spatiotemporal series data. Compared with other
models, the prediction error of the proposed model
is the least, and the result is the closest to the real
value, which can effectively predict the PM2.5 concentration for a long time.
The analysis and selection of PM2.5 variables
in the proposed model are based on the premise of
stable pollution sources. However, the key variables
of PM2.5 may change with the change of pollution
sources in the region. Therefore, the next work will
collect more comprehensive pollution sources and
meteorological data to fully mine the relationship between variables. In addition, PM2.5 concentration
change has obvious seasonality, and the change of
each day also has obvious periodicity. Therefore, it
is necessary to establish prediction models for different seasons and time periods, and analyze its change
characteristics more carefully to improve the prediction accuracy.
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:LWK WKH UDSLG H[SDQVLRQ RI XUEDQL]DWLRQ DQG
WKHXUEDQSRSXODWLRQ VGHPDQGIRUODQG&KLQD VXU
EDQJUHHQDUHDLVEHFRPLQJOHVVDQGOHVVZKLFKOHDGV
WRDVHULHVRIHQYLURQPHQWDOSUREOHPVDQGUHVRXUFH
SUREOHPV LQ WKH SURFHVV RI ODQGVFDSH GHYHORS
PHQWPopulus Bolleana /DXFKH Pbolleana LVHFR
ORJLFDOO\ VLJQLILFDQW WR GHVHUWLILFDWLRQ FRQWURO DQG
UHVWRUDWLRQRIGHJUDGHGODQGLQDULGDQGVHPLDULGUH
JLRQV7RGLVWLQJXLVKWKHFKDQJHVLQWRS ±FP 
DQGVXEWRS ±FP DIIHFWHGE\PbolleanaZH
FRPSDUHGWRSDQGVXEWRSVRLOSURSHUWLHVDQGWKHUHI
HUHQFHGXQFRYHUHGVDQG\ODQGLQWKHVRXWKHUQ0X8V
6DQG\/DQGV&KLQD5HODWLRQVKLSVEHWZHHQIUDFWDO
GLPHQVLRQV D RIVRLOSDUWLFOHVL]HGLVWULEXWLRQDQG
VRLO SK\VLFRFKHPLFDO SURSHUWLHV DUH GLVFXVVHG 6H
OHFWHG VRLO SURSHUWLHVZHUH PHDVXUHG LQ WKHODERUD
WRU\DQGDZDVFDOFXODWHGE\XVLQJODVHUGLIIUDFWLRQ
WHFKQLTXH,QWKHWRSOD\HUPbolleanaKDGVLJQLIL
FDQWSRVLWLYHHIIHFWVRQVRLOSK\VLFRFKHPLFDOSURSHU
WLHV+RZHYHULQWKHVXEWRSOD\HUVXFKHIIHFWVZHUH
QRW REYLRXV )UDFWDO GLPHQVLRQV UDQJHG IURP
WRDQGKDGVLJQLILFDQWFRUUHOD
WLRQZLWKVHOHFWHGVRLOSURSHUWLHV H[FHSWWRWDOQLWUR
JHQ SDUWLFXODUO\LQWKHWRSOD\HUPbolleanaKHOSHG
LPSURYHVRLOSURSHUWLHVDZDVDSUDFWLFDOLQGH[IRU
TXDQWLI\LQJ FKDQJHV LQ VRLO SURSHUWLHV DQG UHVXOWV
LPSOLHGGHVHUWLILFDWLRQ
)URPVHWRXWDFWXDOO\IRUWKHQRUWKZHVWVHPL
DULG DUHDV RI ZDWHU VKRUWDJHV ODFN RI JUHHQ ODQG
IUDJLOH HFRORJLFDO HQYLURQPHQW DQG VRLO HURVLRQ
FKDUDFWHULVWLFVRIWKHVHPLDULGUHJLRQLQQRUWKZHVW
ODQGVFDSHJUHHQVSDFHRIWKHH[LVWLQJSUREOHPVDQG
SXWIRUZDUGWKHFRUUHVSRQGLQJVROXWLRQPHDVXUHVLQ
RUGHU WR DULG UHJLRQV RI QRUWKZHVW ODQGVFDSH
HFRORJLFDO UHVWRUDWLRQ DQG GHYHORSPHQW WR SURYLGH
WKHRUHWLFDOEDVLVDQGSUDFWLFDOH[SHULHQFH





.(<:25'6
Populus Bolleana/DXFKHSDUWLFOHVL]HGLVWULEXWLRQIUDFWDO
GLPHQVLRQ VRLO SK\VLFRFKHPLFDO SURSHUWLHV HFRORJLFDO
UHVWRUDWLRQODQGVFDSHRIGURXJKWUHJLRQ



,1752'8&7,21

7KHFRPELQDWLRQRIKXPDQDEXVHVRIWKHODQG
VXFK DV RYHUFXOWLYDWLRQ DQG XUEDQL]DWLRQ DQG DG
YHUVH FOLPDWH YDULDWLRQV VXFK DV GURXJKW DQG UDLQ
VWRUP UHVXOWV LQ WKH GHJUDGDWLRQ RI DULG DQG VHPL
DULG ODQGV ZRUOGZLGH >±@ &KLQD KDV EHHQ PRUH
FKDOOHQJHGE\GHVHUWLILFDWLRQLQODUJHDUHDV DSSUR[
LPDWHO\  ELOOLRQ KD  EHFDXVH RI RYHUSRSXODWLRQ
DQG LQVXIILFLHQF\ RI QDWXUDO UHVRXUFHV $PRQJ WKH
YDULRXVVDQG\ODQGDUHDVWKH0X8V'HVHUWLVRQHRI
WKHSODFHVPRVWVHULRXVO\DIIHFWHGE\GHVHUWLILFDWLRQ
LQ WKH QRUWKHUQ SDUW RI &KLQD 7KH 0X 8V 6DQG\
/DQGORFDWHGRQWKHVRXWKHUQ2UGRV3ODWHDXDQGOLHV
DWWKHQRUWKHUQPDUJLQRIWKHPRGHUQ$VLDQVXPPHU
PRQVRRQFRYHUVDQDUHDRIDSSUR[LPDWHO\PLOOLRQ
KDDQGLVDQLPSRUWDQWSDUWRIWKHIDUPLQJDQGSDVWR
UDO]RQHVLQ&KLQD>@
/DQGGHJUDGDWLRQEHFDXVHRIYHJHWDWLRQFRYHU
ORVVDQGWKHVXEVHTXHQWGHVHUWLILFDWLRQKDVEHHQDW
WULEXWHGWRDFRPELQDWLRQRIGHJUDGDWLRQRIVRLOSK\V
LFRFKHPLFDO SURSHUWLHV >@ 7R UHVWRUH VRLO IHUWLOLW\
DQGWUDQVIRUPVDQGQXPHURXVPHWKRGVVXFKDVPH
FKDQLFDOVDQGEDUULHU>@ELRORJLFDOVRLOFUXVW>@
DQG DIIRUHVWDWLRQ KDYH EHHQ FDUULHG RXW LQ VHYHUDO
VDQG\ODQGVLQ&KLQD$PRQJWKHVHPHWKRGVDIIRU
HVWDWLRQLVFRQVLGHUHGWKHPRVWHIIHFWLYHZD\WRSUH
YHQWZLQGGDPDJHDQGLQFUHDVHELRGLYHUVLW\
$VDPDLQWUHHVSHFLHVRQVDQG\ODQGPopulus
Bolleana /DXFKH P bolleana  LV QDWXUDOO\ GLVWULE
XWHGLQWKH'D[LQJDQOLQJPRXQWDLQV+DLOD HU:DQ
JRQJ&XRJDQJ+H HUKRQJGH+XQKHDQG+D HUKDKH
DUHDVLQ,QQHU0RQJROLDQ$XWRQRPRXV5HJLRQDQG
+XOXQEHLHUVDQG\SODLQRI&KLQD>@*LYHQLWVH[
FHOOHQWZLQGVKHOWHULQJFROGDQGGURXJKWUHVLVWDQFH
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GLDPHWHUDWEUHDVWKHLJKWWRKHLJKW&GLVWKHFDQRS\GHQVLW\DQG&LVWKHFDQRS\


DQG EURDG DGDSWDWLRQ FDSDELOLW\ P bolleana KDV
EHHQZLGHO\LQWURGXFHGIURP+XOXQEHL HUVDQG\ODQG
WRPDQ\SDUWVRI&KLQD>@
$OWKRXJKPbolleanaLVVXFFHVVIXOO\JURZQRQ
VDQG\ODQGVE\SODQWLQJVHHGOLQJVGHJHQHUDWLQJSKH
QRPHQDVXFKDVXQH[SHFWHGVORZJURZWKZLWKHUHG
WRSDQGDEQRUPDOGHYHORSPHQWDIIHFWHGWKHHDUOLHVW
SODQWHGWUHHV>±@6XVWDLQLQJQXWULHQWDYDLOD
ELOLW\ IRUSODQW JURZWK DQG FRQWUROOLQJ WKHF\FOH RI
QXWULHQWVLQOLYLQJFRPPXQLWLHVDUHEDVLFUDWLRQDOHV
RQZKLFKHFRV\VWHPPDQDJHPHQWLVEDVHG>@
7KLVH[WHQVLYHFKDQJHLQSODQWDWLRQVSURIRXQGO\DI
IHFWVWKHG\QDPLFVRIVRLOSK\VLFRFKHPLFDO,QWXUQ
WKHSUREOHPVLQPbolleanaLVDOVRFDXVHGE\DGHIL
FLHQF\LQVRLOQXWULHQWV+RZHYHUVWXGLHVDERXWWKH
FKDUDFWHULVWLFVRIVRLOSURSHUWLHVLQPbolleanaDQG
WKHLULQWHUUHODWLRQVDUHOLPLWHG
$SSDUHQWO\PRUHLQIRUPDWLRQRQWKHPXWXDOUH
ODWLRQVKLSV RI P bolleana DQG VRLO SURSHUWLHV LV
QHHGHG/LWWOHLVNQRZQDERXWDQHIIHFWLYHLQGH[WR
TXDQWLI\WKHHIIHFWVRQVRLOSURSHUWLHVDIIHFWHGE\P
bolleanaLQWKHGHVHUWLILFDWLRQSURFHVV5HFHQWO\WKH
SRVVLELOLW\RIFKDUDFWHUL]LQJVRLOSDUWLFOHVL]HGLVWUL
EXWLRQ 36' XVLQJIUDFWDOWKHRU\KDVEHHQUHSRUWHG
6LJQLILFDQW OLQHDU FRUUHODWLRQV KDYH EHHQ REVHUYHG
EHWZHHQIUDFWDOGLPHQVLRQ D DQGYDULRXVVRLOSURS
HUWLHV>@7KLVRIIHUVWKHSRVVLELOLW\RITXDQWLI\
LQJ DQG LQWHJUDWLQJ LQIRUPDWLRQ RQ WKH ELRORJLFDO
FKHPLFDODQGSK\VLFDOFKDUDFWHULVWLFVRIVRLOPHDV
XUHGRQGLIIHUHQWVSDWLDOVFDOHV>@
7KHUHIRUHWKLVVWXG\DLPVWRIXUWKHUWKHXQGHU
VWDQGLQJ RI VRLO VWDWXV G\QDPLFV LQ IRUHVW HFRV\V
WHPVSDUWLFXODUO\WKHHIIHFWVRIPbolleanaSRVHRQ
WRSVRLO SURSHUWLHV ,Q WKLV VWXG\ ZH K\SRWKHVL]HG
WKDWWKHYDULDWLRQVLQWRSDQGVXEWRSVRLOSURSHUWLHV
DUHODUJHO\FRQVHTXHQFHVERWKRIPbolleanaHVWDE
OLVKPHQWRIDUWLILFLDOSODQWDWLRQV&KDQJHVLQWRSVRLO
SURSHUWLHV ZHUH WKHQ WHVWHG DQG GRFXPHQWHG RI P
bolleana DQG LQ WKH XQFRYHUHG VDQG\ ODQG &.  LQ
<XOLQ&LW\6KDDQ[L3URYLQFHZKLFKLVORFDWHGLQWKH
VRXWKHUQ 0X 8V 'HVHUW 1RUWKHUQ &KLQD 7KH VSH
FLILFREMHFWLYHVRIRXUVWXG\ZHUHDVIROORZV  WR
GHWHUPLQHWKHFKDQJHVLQWRSVRLOSURSHUWLHVLQFOXG
LQJSK\VLFRFKHPLFDOSURSHUWLHVDQGD YDULHGZLWKP
bolleanaDQG  WRH[SORUHWKHSRVVLELOLW\WKDWDRI
VRLO36'FDQEHXVHGDVDSUDFWLFDOLQGH[IRUTXDQWL
I\LQJ YDULDWLRQV LQ VRLO SK\VLFRFKHPLFDO SURSHUWLHV
DQGWKHLPSOLFDWLRQVRIGHVHUWLILFDWLRQ





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

([SHULPHQW 6LWH 'HVFULSWLRQ 7KH VWXG\ VLWH
UHVHDUFKVWDWLRQ LVORFDWHGDW5DUH3VDPPRSK\WHV
3URWHFWLRQ%RWDQLFDO%DVHLQ<XOLQ&LW\ZKLFKLVWKH
QRUWKHUQPRVWSUHIHFWXUHOHYHOFLW\RI6KDDQ[L3URY
LQFH  Ǝ1ƍƎ(  VHH)LJXUH 7KH
VWXG\VLWHLVKD7KHVWXG\VLWHLVGRPLQDWHGE\
D FRQWLQHQWDO PRQVRRQLQIOXHQFHG VHPLDULG FOL
PDWHZLWKFROGORQJZLQWHUVDQGKRWKXPLGVXP
PHUVDQGZLWKSUHFLSLWDWLRQDSSUR[LPDWHO\PP
6XQVKLQHLVDEXQGDQW DQQXDODFFXPXODWLRQRI
K  7KH DQQXDO PHDQ WHPSHUDWXUH LV DERXW  &
7KH IURVWIUHH SHULRG LV DSSUR[LPDWHO\  G 7KH
5DUH3VDPPRSK\WHV3URWHFWLRQ%RWDQLFDO%DVHODQG
VFDSHLVFKDUDFWHUL]HGE\IL[HGVDQGGXQHVZKLFKLV
LGHQWLILHG DV DUHQRVRO W\SH RI TXDUWLVDPPHQW 86
6RLO7D[RQRP\ >±@

6DPSOH 3ORWV ,QYHVWLJDWLRQ 7KH VWXG\ ZDV
FRQGXFWHGIURP-XQHWR$XJXVW$WRWDORIVL[
PîPVDPSOHSORWVZLWKVWDQGGHQVLW\RI
WUHHVKDZHUHFKRVHQ,QLWLDOSODQWLQJWLPH
ZDVLQ LPPDWXUHWLPEHU DQGWKHVHSORWVZHUH
LQQDWXUDOVWDWHLHWKH\ZHUHLQWDFWDQGXQDIIHFWHG
E\KXPDQGLVWXUEDQFH:LWKLQWKHVHSORWVWKHGRPL
QDQW YHJHWDWLRQ VSHFLHV LV P bolleana DQG XQGHU
VWRU\ VSHFLHV FRPSULVH D VSDUVH JUDVVVKUXE OD\HU
*HQHUDOLQIRUPDWLRQFDQEHVHHQLQ7DEOH)RUHDFK
SORW WKUHH VRLO VDPSOLQJ SURILOHV ZHUH VHOHFWHG DW
UDQGRP6RLOVDPSOHVZHUHFROOHFWHGIRUWZROD\HUV
WKHWRSOD\HU ±FP DQGWKHVXEWRSOD\HU ±
FP 0HDQZKLOHWRSVRLOVDPSOHVZHUHFROOHFWHGLQ
WKH UHIHUHQFHG XQFRYHUHG VDQG\ ODQG DOVR IRU WZR
OD\HUV

0HWKRGVIRU6RLO3URSHUW\$QDO\VLV$OOWKH
VRLO VDPSOHV ZHUH GULHG QDWXUDOO\ LQ WKH ODERUDWRU\
IRUG:HFDUHIXOO\UHPRYHGDOOSODQWVWHPVURRWV
DQGWLQ\JUDYHOVDQGWKHQSDUWVRIWKHDLUGULHGVRLO
VDPSOHV ZHUH KDQG VLHYHG WKURXJK  PP DQG 
PPVFUHHQVSULRUWRODERUDWRU\DQDO\VLV>@
7KH VRLO SK\VLFDO SURSHUWLHV ZHUH DQDO\]HG
WKURXJKWKHIROORZLQJPHWKRGV  6RLOEXONGHQVLW\
%'  FDSLOODU\ SRURVLW\ &3  DQG VDWXUDWHG VRLO
PRLVWXUHFRQWHQW 60& ZHUHPHDVXUHGWKURXJKLQ
WURGXFWLRQ RI ULQJ VDPSOHU   WRWDO SRURVLW\ 73 
ZDVFDOFXODWHGXVLQJ(T  

73
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ZKHUH 73 LV WKH WRWDO SRURVLW\   DQG ȡV LV VRLO
SDUWLFOHGHQVLW\ZKLFKLVHTXDOWRJFPí
%'ZDVPHDVXUHGXVLQJWKHZD[VHDOPHWKRG
(T 
g
  
%'
> g  g  U  g  g  U@u  W

ZKHUH g LV WKH VDPSOH ZHLJKW J  g LV VDPSOH
ZHLJKWZKHQFRPSOHWHO\ZUDSSHGE\ZD[gLVWKH
RULJLQDOUHDGLQJRIHOHFWURQLFEDODQFH J gLVUHDG
LQJRIHOHFWURQLFEDODQFHZLWKWKHVDPSOH J ȡLV
VSHFLILFJUDYLW\RIZDWHU HTXDOWRJFP– DQGȡ
LVVSHFLILFJUDYLW\RIZD[ HTXDOWRJFP– >@
6RLOFKHPLFDOSURSHUWLHVZHUHDQDO\]HGWKURXJK
WKHIROORZLQJ  PLFUR.MHOGDKO¶VPHWKRGIRUVRLO
WRWDO QLWURJHQ 17  >@   0R6E FRORULPHWULF
PHWKRG IRU VRLO WRWDO SKRVSKRUXV 37  >@   K\
GURIOXRULF DQG SHUFKORULF DFLG +)+&/2 DFLG 
IODPH SKRWRPHWHU PHWKRG IRU VRLO WRWDO SRWDVVLXP
.7 >@  DONDOLGLIIXVLRQPHWKRGIRUDYDLODEOH
QLWURJHQ 1$YL  >@   VRGLXP ELFDUERQDWH 1D
+&2  GLJHVWLRQ0R6E FRORULPHWULF PHWKRG IRU
VRLODYDLODEOHSKRVSKRUXV 3$YL >@  DPPRQLXP
DFHWDWHGLJHVWLRQIODPHSKRWRPHWHUPHWKRGIRUVRLO
UDSLGDYDLODEOHSRWDVVLXP .$YL >@DQG  SRWDV
VLXPGLFKURPDWHZHWFRPEXVWLRQPHWKRGIRUVRLORU
JDQLFFDUERQ 62& >@

6RLO )UDFWDO 0RGHO 'HVFULSWLRQV DQG 0HDV
XUHPHQWV7RPHDVXUHWKHWRSVRLOSDUWLFOHVDQGIUDF
WDOFKDUDFWHULVWLFVWKHXQVFUHHQHGDLUGULHGVRLOVDP
SOHVZHUHSUHWUHDWHGZLWKK\GURJHQSHUR[LGH +2 
VROXWLRQ  ZZí  WR HOLPLQDWH RUJDQLF PDWWHU
7KHQWKHVRLODJJUHJDWHVZHUHGLVSHUVHGE\DGGLQJ
VRGLXPKH[DPHWDSKRVSKDWH 1D32 DQGVRQLFDWLQJ
WKHVDPSOHVIRUV>@7KHSUHWUHDWHGVRLOVDPSOHV
ZHUHWKHQDQDO\]HGXVLQJ0DOYHUQ0DVWHU6L]HU
0DOYHUQ,QF(QJODQG8. ZKLFKKDVDODVHUGLI
IUDFWLRQWHFKQLTXHZLWKPHDVXUHPHQWUDQJHRI±
PPDQGPDUJLQRIHUURURI>@(DFKVDP
SOH ZDV PHDVXUHG ILYH WLPHV DQG WKH PHDQ YDOXHV
ZHUHWKHQREWDLQHG7KHDQDO\VLVUHVXOWVRIVRLO36'
ZHUHRXWSXWXVLQJ866RLO7D[RQRP\DVIROORZV
± ȝP ± ȝP ± ȝP ±ȝP ±
ȝP±ȝPDQG±ȝP>@
DRIVRLO36'ZDVFDOFXODWHGEDVHGRQWKHYRO
XPH36'DVIROORZV>@
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WDLOHG WHVW ZHUH XVHG WR GLVWLQJXLVK FRUUHODWLRQ DQG
VLJQLILFDQWGLIIHUHQFHV'DWDSURFHVVLQJDQGSORWWLQJ
ZHUHDOVRFRPSOHWHGXVLQJ2ULJLQ/DE2ULJLQ3UR
VRIWZDUH


5(68/76

3K\VLFDO 3URSHUWLHV RI 6RLO 6XEVHFWLRQV 1R
VLJQLILFDQWYDULDWLRQVLQVRLO73ZHUHQRWHGLQPbolleana LQ ERWK WRS DQG VXEWRS OD\HUV )LJXUH D 
ZKHUHDV D VLJQLILFDQW GLIIHUHQFH RQO\ RFFXUUHG EH
WZHHQ &. DQG P bolleana &3 60& DQG %'
VKRZHGFOHDUDQGVLJQLILFDQWGLIIHUHQFHVLQDOOOD\HUV
DPRQJDOOSORWV )LJXUHVEFDQGG 7KHVRLOXQ
GHU&.KDGWKHORZHVW73&3DQG60&DQGKDGWKH
KLJKHVW%'YDOXHV$PRQJDOOSORWV73UDQJHGIURP
 WR  WRS  DQG ±
VXEWRS &3UDQJHGIURPWR WRS 
DQG± VXEWRS 60&UDQJHGIURP
 WR  WRS  DQG ±
VXEWRS  DQG %' UDQJHG IURP  JFPí DQG
 JFPí WRS  DQG ± JFPí VXE
WRS :LWKLQFUHDVLQJVRLOGHSWK73DQG&3 DYHUDJH
GHFUHDVHGOHVVWKDQLQWKHVDPHSORWZKHUHDV%'
LQFUHDVHGOHVVWKDQ

6RLO2UJDQLF&DUERQDQG6RLO1XWULHQWV7R
JHWKHU ZLWK WKH SRVLWLYH FKDQJHV LQ VRLO SK\VLFDO
VWUXFWXUH 62& DQG VRLO QXWULHQWV LQFUHDVHG DOLNH
)LJXUH &RPSDUHGZLWKWKH&.62&DQGVRLOQX
WULHQWVZHUHKLJKHULQPbolleanaSORWV&.KDGWKH
ORZHVW62&DQGVRLOQXWULHQWV&KDQJHVLQ62&DQG
VRLO QXWULHQWV YDULHG VLJQLILFDQWO\ SDUWLFXODUO\ WKH
OHYHOVRI62&DQG1$YLLQWKHWRSOD\HUDQGWKHOHYHOV
RI3$YLDQG.$YLLQWKHVXEWRSOD\HU )LJXUHVDDQG
H )XUWKHUH[FHSW.762&DQGRWKHUVRLOQXWULHQWV
RIPbolleanaSORWVVLJQLILFDQWO\GHFUHDVHGIURPWKH
WRSWRVXEWRSOD\HU0RUHRYHUWKHS+YDOXHVDPRQJ
P bolleana SORWV ZHUH KLJKHU DW  WRS  DQG
 VXEWRS FRPSDUHGZLWKWKDWRI&.ZKLFK
ZHUH WRS DQG VXEWRS 6RLOSURSHUWLHV
GLGQRWSUHVHQWDQ\DFLGLFFRQGLWLRQV

3DUWLFOH6L]H'LVWULEXWLRQDQG)UDFWDO&KDU
DFWHULVWLFV RI 7RS 6RLO 3URSHUWLHV 7DEOH  VKRZV
WKHVRLO36'LQWKHVRLOVDPSOLQJSORWVLQFOXGLQJXQ
FRYHUHG &. DQG VDQG SDUWLFOHV ± ȝP  DUH
FRQVLGHUHGWKHGRPLQDQWVRLOSDUWLFOHFODVVDFFRXQW
LQJ IRU DSSUR[LPDWHO\ PRUH WKDQ  RI WKH WRWDO
36'0HDQZKLOHFOD\ ±ȝP DQGVLOW ±ȝP 
FRQWHQWVZHUHVLJQLILFDQWO\ORZHUWKDQVDQGSDUWLFOHV
SDUWLFXODUO\WKHFOD\FRQWHQWVZKLFKZHUHOHVVWKDQ
RIWRWDO36'+RZHYHUFOD\DQGVLOWFRQWHQWGLI
IHUHQFHV EHWZHHQȱ P bolleana DQG &. ZHUH KLJK
)XUWKHUPRUHVDQGFRQWHQWZLWKLQWKHVDPHSORWLQ
FUHDVHGIURPWKHWRSWRVXEWRSOD\HULQDGGLWLRQWR
WKH GHFUHDVH LQ VLOW DQG FOD\ FRQWHQWV ,Q FRQWUDVW
FOD\FRQWHQWVRI&.ZHUHFXPXODWLYHZLWKLQFUHDVLQJ
VRLOGHSWK2YHUDOOWKHD YDOXHVRIPbolleanaZHUH

  


ZKHUHrLVWKHVRLOSDUWLFOHVL]HRiLVWKHVRLOSDUWLFOH
VL]H RI JUDGH i RPD[ LV WKH PD[LPXP YDOXH RI VRLO
SDUWLFOH VL]H V rRi  LV WKH YROXPH RI VRLO SDUWLFOH
VL]HOHVVWKDQRiDQGV7LVWKHWRWDOYROXPHRIVRLO
SDUWLFOHV>@
6WDWLVWLFDO DQDO\VLV 'DWD DQDO\VHV ZHUH FRQ
GXFWHGXVLQJ6366VRIWZDUHYHUVLRQ ,%0,QF
1&86$ 3HDUVRQFRUUHODWLRQFRHIILFLHQWDQGWZR
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KLJKHUWKDQ&.LQDOOWRSVRLOOD\HUV$GGLWLRQDOO\D
YDOXHV REVHUYHG LQ WKH VXEWRS OD\HU RI &. ZHUH
ORZHUWKDQWKDWRIWKHWRSOD\HUEHFDXVHWKHZLQGLQ
GXFHGILQHSDUWLFOHVUHPRYHGVXUIDFHVRLO7KHUHVXOWV
VKRZWKHDPHOLRUDEOHHIIHFWRIPbolleanaRQSK\V
LFDOSURSHUWLHVRIVRLO0RUHRYHUDVVKRZQLQ7DEOH
VRLOVZLWKJUHDWHUFOD\DQGVLOWFRQWHQWVKDGKLJKHU
DZKHUHDVVRLOVZLWKDJUHDWHUDPRXQWRIVDQGSDU
WLFOHVKDGORZHUDYDOXHV7KHUHIRUHZLQGLQGXFHG
UHPRYDORIILQHSDUWLFOHVUHVXOWHGLQGHFUHDVHGDYDO
XHV

5HODWLRQVKLS EHWZHHQ IUDFWDO GLPHQVLRQV
DQG 6RLO 3K\VLFRFKHPLFDO 3URSHUWLHV 5HVXOWV RI
3HDUVRQDQDO\VLVLQGLFDWHGWKDWDVWURQJFRUUHODWLRQ
H[LVWVEHWZHHQVRLOD DQGVHOHFWHGVRLOSK\VLFVSURS
HUWLHV 7DEOH DZDVVLJQLILFDQWO\SRVLWLYHO\FRU
UHODWHGZLWK%'DQGVLJQLILFDQWO\QHJDWLYHO\FRUUH
ODWHGZLWK73&3DQG60& p LQWKHWRSOD\HU
0HDQZKLOHDZDVVLJQLILFDQWO\SRVLWLYHO\FRUUHODWHG
ZLWK60&DQG%'DQGVLJQLILFDQWO\QHJDWLYHO\FRU
UHODWHGZLWK73DQG&3 p LQWKHVXEWRSOD\HU
6RLODZDVPRUHVWURQJO\DIIHFWHGE\%'LQWKHWRS
OD\HUDQG60&LQWKHXQGHUO\LQJOD\HU,QDGGLWLRQ
73&360&DQG%'ZHUHVLJQLILFDQWO\FRUUHODWHG
ZLWKHDFKRWKHU p LQWKHWRSOD\HU+RZHYHU
LQWKHVXEWRSOD\HUH[FHSW7360&DQG%'ZHUH
VLJQLILFDQWO\QHJDWLYHO\FRUUHODWHG p DQG&3
KDG QR VLJQLILFDQW FRUUHODWLRQ ZLWK 60& DQG %'
p! 

7KHUHVXOWVRI3HDUVRQDQDO\VLVVKRZWKDWLQWKH
WRS OD\HU 62& 37 .7 1DYL 3DYL DQG .DYL KDG WKH
VWURQJHVWLQIOXHQFHRQDDQGFRUUHODWLRQFRHIILFLHQWV
ZHUH í í í í í DQG
íUHVSHFWLYHO\ p ,QDGGLWLRQLQWKHWRS
OD\HU 62& KDG VLJQLILFDQWO\ SRVLWLYH FRUUHODWLRQ
ZLWK37.71DYL3DYLDQG.DYLDQGFRUUHODWLRQFRHI
ILFLHQWVZHUHDQG
UHVSHFWLYHO\ p +RZHYHULQWKHVXEWRSOD\HU
62& DQG VRLO QXWULHQWV ZHUH LQVLJQLILFDQWO\ FRUUH
ODWHGZLWKHDFKRWKHU p! 


',6&866,21

$IIRUHVWDWLRQ GHIRUHVWDWLRQ WKLQQLQJ IRUHVW
VWUXFWXUHDQGWUHHVWDQGFRPSRVLWLRQPD\DOWHUQX
WULHQWVWRUDJHRUDIIHFWSK\VLFRFKHPLFDODQGPLFUR
ELRORJLFDO SURSHUWLHV RI VRLO >@ +RZHYHU WKH
FRQQHFWLRQ EHWZHHQ WKH DERYHJURXQG WUHH VSHFLHV
VRLOTXDOLW\DQGVRLOIUDFWDOGLPHQVLRQVWLOOQHHGVIXU
WKHUVWXGLHVZKHUHDVWKHHIIHFWRIJUDVVODQGELRORJ
LFDOVRLOFUXVWVDQGOHJXPLQRXVYHJHWDWLRQKDVEHHQ
UHVHDUFKHG PRUH >@ȱ 3ODQWV DIIHFW VRLO SURSHU
WLHV ZKLFK LQ WXUQ DOWHU SODQW JURZWK DQG LQWHUVSH
FLILF FRPSHWLWLRQ HVWDEOLVKLQJ SODQW±VRLO IHHGEDFN
V\VWHPV>@6HYHUDOSK\VLFRFKHPLFDOSURSHUWLHVRI
VRLOVXFKDV73&3VRLO%'62&13.DUHS+
DUH PDLQO\ GHWHUPLQHG E\ SODQW W\SH DQG FRYHU
ZKLFKPD\EHDIIHFWHGE\FKDQJHVLQWKHVHLPSRUWDQW


7$%/(
9DULDWLRQVRI36'DQGDYDOXHVIRUPbolleanaDQG&.SORWV
36'  
3Q

/D\HU

3
&.

&OD\ ±ȝP 

6LOW ±ȝP 

6DQG ±ȝP 

7RS
6XEWRS
7RS













6XEWRS
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7$%/(
3HDUVRQDQDO\VLVRIVRLODDQGVRLOSK\VLFDOSURSHUWLHVIRUPbolleanaDQG&.SORWV &RUUHODWLRQLV
VLJQLILFDQWDWWKHOHYHO WDLOHG  &RUUHODWLRQLVVLJQLILFDQWDWWKHOHYHO WDLOHG 
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7$%/(
3HDUVRQDQDO\VLVRIVRLODDQG62&VRLOQXWULHQWVIRU PbolleanaDQG&.SORWV
7UDLWV
D
62&
17
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VRLOYDULDEOHV>@6RLOSOD\VDQLPSRUWDQWUROHLQWKH
IHUWLOLW\ DQG VWDELOLW\ RI IRUHVW HFRV\VWHPV E\
VXSSRUWLQJ PLFURRUJDQLVP FRPPXQLWLHV ZKLFK
DFFRPSOLVK UHDFWLRQV WR UHOHDVH VRLO QXWULHQWV IRU
YHJHWDWLRQ GHYHORSPHQW DQG LPSURYH VRLO SK\VLFDO
VWUXFWXUHV>@
6RLO SK\VLFRFKHPLFDO SURSHUWLHV FDQ EH
LPSURYHG WKURXJK P bolleana 7KH DUWLILFLDO IRUHVW
FDQSURWHFWVDQGVXUIDFHIURPZLQGHURVLRQ(URVLYH
IRUFH DQG FDUULDJH FDSDELOLW\ DUH DEVRUEHG E\ P
bolleana E\ LQFUHDVLQJ DHURG\QDPLF URXJKQHVV
OHQJWKDQGWKUHVKROGZLQGYHORFLW\>@0RUHRYHU
WKH GXVWV LQ DLUVWUHDPV DUH EORFNHG E\ WUHHV DQG
XQGHUJURZWK VKUXEV 6RLO SK\VLFDO VWUXFWXUH KDG
JRRG SHUPHDELOLW\ DQG QXWULHQW ORVVHV LQ WRSVRLO
IURPDLUIORZLQPbolleanaDUHVLJQLILFDQWO\ORZHU
WKDQLQ&.
6RLO SK\VLFDO SURSHUWLHV GLIIHU DPRQJ WRSVRLO
OD\HUVDQGWKHVHGLIIHUHQFHVPD\DIIHFWWKHH[WHQWWR
ZKLFK WKH GHSWK RI VRLO ZDWHU FRQWHQW LQIOXHQFHV
SUHFLSLWDWLRQLQILOWUDWLRQDQGHYDSRUDWLRQ>@6XE
WRSVRLOOD\HUVKDGODUJHUSDUWLFOHVL]HV SURSRUWLRQRI
VDQGSDUWLFOHFRQWHQWV WKDQWRSVRLOOD\HUV VHH7DEOH
  DOORZLQJ UDSLG LQILOWUDWLRQ LQWRGHHS VRLO OD\HUV
7KHUHVXOWVDJUHHZLWKDSUHYLRXVVWXG\E\'DLHWDO
  VKRZLQJ WKDW WKH VSDWLDO YDULDELOLW\ RI VRLO
SDUWLFOHVL]HDQGSRURVLW\UHVXOWLQGLIIHUHQFHVLQWKH
VRLOSURSHUWLHV>@
,QWKHPbolleanaVWXG\DUHDWKHVSDWLDOSDWWHUQ
RI62&VRLO37.71DYL3DYLDQG.DYL GLVWULEXWLRQ
ZDVFRQVLVWHQWZLWKWKRVHRI73DQG&3VXJJHVWLQJ
WKHFRXSOLQJRIVRLO13DQG.WUDQVIRUPDWLRQVDQG
WKHJUHDWGHSHQGHQFHRIVRLO13DQG.DYDLODELOLW\
RQVRLOZDWHUDYDLODELOLW\>@
)RU ZDWHU 62& 1 3 DQG . DUH WKH PDLQ
OLPLWLQJIDFWRUVIRUSLQHWUHHJURZWKLQWKHVHPLDULG

DUHD >@ 5HJLRQDO HFRV\VWHP PDQDJHPHQW PXVW
FRQVLGHU WKH DYDLODELOLW\ DQG EDODQFH RI WKHVH
UHVRXUFHV 3URWHFWLRQ RI WKH OLWWHU OD\HU LV VWURQJO\
UHFRPPHQGHG WR DPHOLRUDWH VRLO GHJUDGDWLRQ DQG
QXWULHQWOLPLWDWLRQLQWKHVWXG\DUHDVLQFHOLWWHUOD\HU
ZDVQRWRQO\WKHPDLQVRXUFHRIVRLORUJDQLFPDWWHU
DQGDYDLODEOHQXWULHQWVEXWDOVRWKHUHJXODWRURIVRLO
PLFURELDODFWLYLW\>@
2XU UHVXOWV DUH FRQVLVWHQW ZLWK WKDW RI WKH
SUHYLRXV VWXG\ ZKLFK ZDV FRQGXFWHG LQ WKH VHPL
DULG +RUTLQ 6DQG\ /DQG RI QRUWKHUQ &KLQD 7KH
DIIRUHVWDWLRQRIDUHDVZLWKDFWLYHVDQGGXQHVXVLQJP
bolleana KDG SRVLWLYH HIIHFWV RQ 62& 1 DQG 3
DFFXPXODWLRQ LQ WKH SODQWV DQG VRLO 7KH JUHDWHVW
LPSURYHPHQWRIVRLO62&DQGVHOHFWHGVRLOQXWULHQWV
RFFXUUHGLQWKHXSSHUOD\HURIWKHVRLOSURILOHDIWHU
HVWDEOLVKPHQWRIWKHSODQWDWLRQV>@
&KDUDFWHUL]LQJVRLORUJDQL]DWLRQDQGIXQFWLRQV
ZLWKDVLQJOHSDUDPHWHULVDTXHVWLRQRIJUHDWLQWHUHVW
ZKHQ PRQLWRULQJ VRLO GHJUDGDWLRQ DQG GHVHUWLILFD
WLRQ,QIRUPHUVWXGLHVLQGLYLGXDOIUDFWLRQVVXFKDV
62&DQGWH[WXDODQDO\VLVRIFOD\DQGILQHIUDFWLRQV
ZHUH WKH FRPPRQO\ XVHG PHWKRGV WR FKDUDFWHUL]H
VRLO TXDOLW\ +RZHYHU VRLO LV DQ LUUHJXODU DQG
FRPSOH[ V\VWHP LQ ZKLFK PDQ\ ELRORJLFDO DQG
SK\VLFDO FRPSRQHQWV LQWHUDFW DFURVV DOO VSDFH DQG
WLPH VFDOHV >@ $PRQJ WKHVH DSSURDFKHV
LQGLYLGXDO IUDFWLRQV DOZD\V LJQRUH FRDUVH IUDFWLRQV
DQG HPSKDVL]HG ILQH SDUWLFOHV 7KHUHIRUH WH[WXDO
DQDO\VLV FDQQRW SURYLGH FRPSOHWH LQIRUPDWLRQ DQG
ZDVWH VRLO GDWD >@ $OWKRXJK WH[WXDO DQDO\VLV
SURYLGHV LQWHJUDWHG LQIRUPDWLRQ WKH SUHFLVLRQ DQG
FRPSDUDELOLW\RIGDWDDUHDGYHUVHO\DIIHFWHGE\WKH
GHVFULSWLYH LQGLFDWRU )XUWKHUPRUH WUDGLWLRQDO
PHWKRGRORJLHVFDQQRWSURYLGHFRPSOHWHLQIRUPDWLRQ
DQGTXDQWLWDWLYHO\UHSUHVHQWIXQGDPHQWDODWWULEXWHV
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XVLQJDSUDFWLFDOLQGH[%\FRQWUDVWIUDFWDOPHDVXUH
FDQ FRPSOHWHO\ XVH WKH VRLO 36' LQIRUPDWLRQ
LQFOXGLQJFOD\VLOWDQGVDQGSDUWLFOHGDWD
6RLO 36' LV DQ LPSRUWDQW VRLO SK\VLFDO
SDUDPHWHU WKDW DIIHFWV VRLO FRQVHUYDWLRQ ZDWHU DQG
QXWULHQW PRYHPHQW YHJHWDWLRQ SURGXFWLYLW\ DQG
WKXVHFRORJLFDOUHVWRUDWLRQ>@
36' LV QRZ XVHG LQ VRLO FODVVLILFDWLRQ DQG LQ
HVWLPDWLQJ VRLO K\GUDXOLF SURSHUWLHV VXFK DV VRLO
ZDWHU UHWHQWLRQ FXUYH VRLO K\GUDXOLF FRQGXFWLYLW\
DQG VRLO EG >±@ ,Q DGGLWLRQ GLIIHUHQW 36'
GULYHQ VRUSWLRQ SURSHUWLHV RI VRLO DIIHFW WKH
PLQHUDOL]DWLRQRIGHFRXSOHGFDUERQDQGQLWURJHQDQG
WKHDFWLYLW\RILQYHUWDVHDQG[\ODQDVHGXULQJRUJDQLF
PDWWHUGHFRPSRVLWLRQ>±@7KHUHIRUH36'LV
LPSRUWDQW IRU XQGHUVWDQGLQJ WKH SK\VLFDO DQG
FKHPLFDOSURFHVVHVRIVRLOZDWHUDQGGHYHORSPHQWRI
VRLOQXWULHQWF\FOHVLQWHUUHVWULDOHFRV\VWHPV>@
,Q RXU VWXGLHV DV DIIHFWHG E\ SODQWDWLRQ RI P
bolleana WKH DYHUDJH D YDOXHV FRQWLQXHG WR
LQFUHDVHOHDGLQJWRFRQVWDQWRSWLPL]DWLRQRISDUWLFOH
GLVWULEXWLRQRIDIIRUHVWHGVDQG\ODQGWKDQWKDWRIEDUH
VDQG\ ODQG 6XFK HIIHFWV ZHUH PRUH SDUWLFXODUO\
VLJQLILFDQWLQWKHWRSOD\HU ±FP RIVRLOSURILOH
&RUUHODWLRQ DQDO\VLV LQGLFDWHV WKDWD YDOXHV KDYH D
KLJKO\VLJQLILFDQWQHJDWLYHFRUUHODWLRQZLWKPRVWRI
WKH VHOHFWHG VRLO SURSHUWLHV p  7KH ULFK ILQH
IUDFWLRQV FOD\DQGVLOW DUHEHOLHYHGWRPHDQIHUWLOH
K\GURSKLOLFDQGELRGLYHUVLW\ULFKVRLOV\VWHP
)XUWKHUXQLTXHDPRQJRWKHUVRLOQXWULHQWVVRLO
17 LV DQ H[SHFWDWLRQ ,Q WKLV VWXG\ D SRRU
UHODWLRQVKLSEHWZHHQDDQG17ZDVREVHUYHGZKLFK
FRUUHVSRQGHGZLWKLUUHJXODULWLHVLQ17DPRQJWKHP
bolleana 1LWURJHQ WXUQRYHU LV TXLWH FRPSOH[
EHFDXVH LW FRPELQHV QLWURJHQ PLQHUDOL]DWLRQ
DPPRQLD YRODWLOL]DWLRQ QLWULILFDWLRQ DQG
GHQLWULILFDWLRQ0HDQZKLOHZHVXVSHFWWKDW17 PD\
QRW EH ORVW EHFDXVH RI WKH S+ YDOXHV QRW
DFLGLILFDWLRQ  LQGXFHG E\ FRPELQDWLRQ HIIRUWV RI
YHJHWDWLRQUHFRYHU\


&21&/86,216

7KHHVWDEOLVKPHQWRIP. bolleana LQWKH0X8V
'HVHUWSRVLWLYHO\FKDQJHGWKHWRSVRLOSURSHUWLHV6RLO
FOD\ DQG VLOW SDUWLFOH FRQWHQWV 73 &3 60& 62&
DQGVRLOQXWULHQWVLQFUHDVHGLQP. bolleanaFRPSDUHG
ZLWKWKRVHLQWKH&.7KHVHLQFUHDVHVZHUHDFFRP
SDQLHGE\DGHFUHDVHLQVRLOVDQGSDUWLFOHFRQWHQWDQG
%'&RUUHODWLRQDQDO\VLVVKRZHGWKDWWKH DYDOXHV
KDGVLJQLILFDQWOLQHDUUHODWLRQVKLSVZLWKVRLOSK\VLFR
FKHPLFDOSURSHUWLHV H[FHSWIRU17 LQWKHWRSOD\HU
,Q WKH VXEWRS OD\HU WKH R2 YDOXHV ZHUH ORZHU ,Q
VXPPDU\ DZDVVHQVLWLYHWRVRLOFRDUVHQLQJDQGVRLO
SURSHUWLHV 7KHUHIRUH D FDQ EH XVHG DV D SUDFWLFDO
LQGH[WRTXDQWLI\FKDQJHVLQVRLOSURSHUWLHVDQGLQGL
FDWHGHVHUWLILFDWLRQYXOQHUDELOLW\



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

,QWKHVHPLDULGUHJLRQRIQRUWKZHVW&KLQDWKH
ODQGVFDSHVKRXOGEHFDUULHGRXWIURPWKHDVSHFWVRI
UDLQZDWHU XWLOL]DWLRQ ZDWHUVDYLQJ LUULJDWLRQ ZDWHU
FRQVHUYDWLRQWHFKQRORJ\DQGFROGUHVLVWDQWSODQWVVR
DV WR FRPSUHKHQVLYHO\ LPSURYH WKH OHYHO RI ODQG
VFDSHFRQVWUXFWLRQ
7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ WKH 1D
WLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD
  'RFWRUDO 6FLHQWLILF 5HVHDUFK )RXQGD
WLRQRI/LDRQLQJ3URYLQFH  6KHQ\DQJ
$JULFXOWXUDO 8QLYHUVLW\ 6WDUWXS )RXQGDWLRQ IRU ,Q
WURGXFHG7DOHQWV WKH\HDURI DQG&)(51 
*(1($ZDUG)XQGVRQ(FRORJLFDO3DSHU)LQDOO\LW
SURYLGHVFHUWDLQUHIHUHQFHYDOXHDQGSUDFWLFDOH[SH
ULHQFH IRU EXLOGLQJ D FRPIRUWDEOH HQYLURQPHQW
IULHQGO\ZDWHUVDYLQJ HQHUJ\VDYLQJ DQG VXVWDLQD
EOHJUHHQKRPHZLWKEHDXWLIXOHQYLURQPHQWDQGGLV
WLQFWLYHIHDWXUHV


5()(5(1&(6

>@ +HUUPDQQ 60 +XWFKLQVRQ &)   7KH
FKDQJLQJFRQWH[WVRIWKHGHVHUWLILFDWLRQGHEDWH
-RXUQDORI$ULG(QYLURQPHQWV.  ±
>@ &KHQ)6=HQJ'+=KRX%6LQJK$1
)DQ=3  6HDVRQDOYDULDWLRQLQVRLOQLWUR
JHQ DYDLODELOLW\ XQGHU 0RQJROLDQ SLQH SODQWD
WLRQVDWWKH.HHUTLQ6DQG/DQGV&KLQD-RXUQDO
RI$ULG(QYLURQPHQWV±
>@ -DPUR](.RFRZLF]$%HNLHU-:HEHU-
 3URSHUWLHVRIVRLORUJDQLFPDWWHULQ3RG
]ROV XQGHU PRXQWDLQ GZDUI SLQH Pinus mugo
Turra  DQG 1RUZD\ VSUXFH Picea abies / 
.DUVW LQYDULRXVVWDJHVRIGLHEDFNLQWKH(DVW
6XGHW\ 0RXQWDLQV 3RODQG )RUHVW (FRORJ\ 
0DQDJHPHQW±
>@ /L - =KDR < /LX + 6X =   6DQG\
GHVHUWLILFDWLRQ F\FOHV LQ WKH VRXWKZHVWHUQ 0X
8V'HVHUWLQ&KLQDRYHUWKHSDVW\HDUVUHF
RUGHGEDVHGRQQHENKDVHGLPHQWV$HROLDQ5H
VHDUFK±
>@ /L <, $ZDGD 7 =KRX ;+ 6KDQJ :
&KHQ<3=XR;$:DQJ6./LX;3
)HQJ-  0RQJROLDQSLQHSODQWDWLRQVHQ
KDQFHVRLOSK\VLFRFKHPLFDOSURSHUWLHVDQGFDU
ERQ DQG QLWURJHQ FDSDFLWLHV LQ VHPLDULG GH
JUDGHGVDQG\ODQGLQ&KLQD$SSOLHG6RLO(FR
ORJ\.±
>@ %R7/0D3=KHQJ;-  1XPHULFDO
VWXG\RQWKHHIIHFWRIVHPLEXULHGVWUDZFKHFN
HUERDUG VDQG EDUULHUV EHOW RQ WKH ZLQG VSHHG
$HROLDQ5HVHDUFK±
>@ /L ;5 -LD 5/ &KHQ <: +XDQJ /
=KDQJ3  $VVRFLDWLRQRIDQWQHVWVZLWK
VXFFHVVLRQDO VWDJHV RI ELRORJLFDO VRLO FUXVWV LQ
WKH 7HQJJHU 'HVHUW 1RUWKHUQ &KLQD $HROLDQ
5HVHDUFK  ±
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>@ =HQJ '+ +X </ &KDQJ 6; )DQ =3
 /DQGFRYHUFKDQJHHIIHFWVRQVRLOFKHP
LFDO DQG ELRORJLFDO SURSHUWLHV DIWHU SODQWLQJ
0RQJROLDQ SLQH Pinus sylvestris YDU mongolica  LQ 6DQG\ ODQGV LQ .HHUTLQ QRUWKHDVWHUQ
&KLQD3ODQW6RLO  ±
>@ 6RQJ / =KX - /L 0 =KDQJ - /Y /
 6RXUFHVRIZDWHUXVHGE\Pinus sylvestris
YDU mongolica WUHHV EDVHG RQ VWDEOH LVRWRSH
PHDVXUHPHQWV LQ D VHPLDULG 6DQG\ UHJLRQ RI
1RUWKHDVW &KLQD $JULFXOWXUDO :DWHU 0DQDJH
PHQW.±
>@=KX -- )DQ =3 =HQJ '+ -LDQJ )4
0DWVX]DNL 7   &RPSDULVRQ RI VWDQG
VWUXFWXUHDQGJURZWKEHWZHHQDUWLILFLDODQGQDW
XUDOIRUHVWVRIPinus sylvestris YDUmongolicaRQ
VDQG\ ODQG -RXUQDO RI )RUHVW 5HVHDUFK   
±
>@<X =< &KHQ )6 =HQJ '+ =KDR 4
&KHQ *6   6RLO LQRUJDQLF QLWURJHQ DQG
PLFURELDO ELRPDVV FDUERQ DQG QLWURJHQ XQGHU
3LQHSODQWDWLRQV LQ =KDQJJXWDL 6DQG\ VRLO3H
GRVSKHUH  ±
>@=KDR4=HQJ'+)DQ=3  1LWURJHQ
DQG SKRVSKRUXV WUDQVIRUPDWLRQV LQ WKH UKL]R
VSKHUHVRIWKUHHWUHHVSHFLHVLQDQXWULHQWSRRU
6DQG\VRLO$SSOLHG6RLO(FRORJ\  ±

>@/L<%UDQGOH-$ZDGD7&KHQ<3+DQ
--=KDQJ);/XR<4  $FFXPXOD
WLRQRIFDUERQDQGQLWURJHQLQWKHSODQWVRLOV\V
WHP DIWHU DIIRUHVWDWLRQ RI DFWLYH VDQG GXQHV LQ
&KLQD V +RUTLQ 6DQG\ /DQG $JULFXOWXUH (FR
V\VWHPVDQG(QYLURQPHQW±
>@6FKLPHO '   &\FOHV RI OLIH $ ERRN UH
YLHZRQQXWULHQWF\FOLQJDQGOLPLWDWLRQ+DZDLL
DVDPRGHOV\VWHPE\3HWHU9LWRXVHN 1DWXUH
±
>@6FKLPHO-3%HQQHWW-  1LWURJHQPLQ
HUDOL]DWLRQFKDOOHQJHVRIDFKDQJLQJSDUDGLJP
(FRORJ\  ±
>@1RVHWWR 0' -REEiJ\ (* 3DUXHOR -0
 &DUERQVHTXHVWUDWLRQLQVHPLDULGUDQJH
ODQGV&RPSDULVRQRI Pinus ponderosaSODQWD
WLRQV DQG JUD]LQJ H[FOXVLRQ LQ 1: 3DWDJRQLD
-RXUQDORI$ULG(QYLURQPHQWV  ±
>@.DUDP)'RXOLV$2]WXUN0'RJDQ<
6DNFDOL6  (FRSK\VLRORJLFDOEHKDYLRXU
RIWZRZRRG\RDNVSHFLHVWRFRPEDWGHVHUWLILFD
WLRQLQWKHHDVW0HGLWHUUDQHDQDFDVHVWXG\IURP
/HEDQRQ3URFHGLD6RFLDODQG%HKDYLRUDO6FL
HQFHV±
>@*DR */ 'LQJ *' :X % =KDQJ <4
4LQ 6* =KDR << %DR <) /LX <'
:DQ / 'HQJ -)   )UDFWDO VFDOLQJ RI
SDUWLFOHVL]HGLVWULEXWLRQDQGUHODWLRQVKLSVZLWK
WRSVRLO SURSHUWLHV DIIHFWHG E\ ELRORJLFDO VRLO
FUXVWV3ORV2QH  $UWLFOH,'H



>@3HQJ * ;LDQJ 1 /Y 64 =KDQJ *&
 )UDFWDOFKDUDFWHUL]DWLRQRIVRLOSDUWLFOH
VL]H GLVWULEXWLRQ XQGHU GLIIHUHQW ODQGXVH SDW
WHUQV LQ WKH <HOORZ 5LYHU 'HOWD ZHWODQG LQ
&KLQD -RXUQDO RI 6RLO DQG 6HGLPHQW   
±
>@6X<==KDR+/=KDQJ:==KDQJ7+
 )UDFWDOIHDWXUHVRIVRLOSDUWLFOHVL]HGLV
WULEXWLRQDQGWKHLPSOLFDWLRQIRULQGLFDWLQJGHV
HUWLILFDWLRQ*HRGHUPD±
>@/LX%-LQ+6XQ/6XQ=1LX4;LH
6/L*  +RORFHQHPRLVWXUHFKDQJHUH
YHDOHG E\ WKH UEVU UDWLR RI DHROLDQ GHSRVLWV LQ
WKH VRXWKHDVWHUQ PX XV GHVHUW &KLQD $HROLDQ
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ABSTRACT
Coal reservoirs have strong heterogeneity, and
in-situ stress has an important influence on coal
deformation and productivity. In this paper, the
factor analysis method is used to construct a coal
reservoir in-situ stress calculation model based on a
large number of coal reservoirs' microscopic composition, coal quality, fracturing, and logging data.
The research results show that the coal ranks of the
studied coal reservoirs are relatively high, mainly
lean coal-anthracite. The conventional logging
response curve of coal seam is obviously different
from that of roof and floor sand and mudstone. It is
characterized by three lows and three highs, namely, low gamma (GR), low spontaneous potential
(SP), low density (DEN), and high longitudinal
wave time difference (AC), high compensation
neutron (CNL) and high resistivity (deep lateral
resistivity RD and shallow lateral resistivity RS)
features. The stress state of the coal seam calculated
by the fracturing method satisfies: horizontal miniPXP SULQFLSDO VWUHVV ıh) <vertical principal stress
ıv  KRUL]RQWDO PD[LPXP SULQFLSDO VWUHVV ıH).
The conventional logging parameters of each fractured well section were extracted, and the sensitivity of each logging parameter to geostress was analyzed. The results show that the five logging parameters of deep and shallow lateral resistivity,
resistivity difference, longitudinal wave time difference and gamma have a good correlation with the
horizontal minimum principal stress of coal. The
KRUL]RQWDOSULQFLSDOVWUHVVGLIIHUHQFH ıH-ıh) of coal
and rock only has a good correlation with the three
parameters RD, RS and RD-RS. Finally, a geostress
prediction model based on factor analysis method
was constructed using RD, RS, RD-RS, AC and
GR. This method can effectively predict the in-situ
stress of coal reservoirs. The average relative error
of the horizontal maximum principal stress is less
than 8%, and the relative error of the minimum
horizontal principal stress is less than 5%. The
calculation results prove the reliability of the method.

INTRODUCTION
As an unconventional natural gas resource,
coal bed methane (CBM) has been commercially
developed worldwide, but it has the characteristics
of poor resource quality, strong heterogeneity, difficulty in development, and long payback period [14]. China's CBM output in 2012 was only
26.62×108 m3. The application of multiple fracturing technologies can greatly increase the production
capacity of coalbed methane and create higher
economic benefits [5-9]. As a dual-porosity medium, the permeability of coal reservoirs is significantly affected by in-situ stress [10-12]. In general,
as the buried depth of the formation increases, the
stress environment of the coal reservoir increases,
and the porosity and permeability gradually decrease [13-16]. The development of coal reservoirs
usually uses repeated fracturing technology, which
is related to the complex stress state and fractureforming ability in the coal reservoir [17-20]. Therefore, the efficient development of coalbed methane
is closely related to the nature of the reservoir and
the in-situ stress [21-22].
The previous have done many studies on the
in-situ stress, and these studies mainly focus on the
in-situ stress experiments and logging evaluation
[23-25]. The conventional geostress logging prediction method needs to use the longitudinal and transverse wave time difference to calculate the mechanical parameters, and then predict the geostress [2628]. This method is highly dependent on shear
wave time difference, and only reliable shear wave
time difference can be used to predict reliable geostress [29-30]. In this paper, we try to use conventional logging parameters to obtain a new method
for calculating the in-situ stress of coal reservoirs.
This method is based on conventional logging parameters that are sensitive to in-situ stress and combined with factor analysis to calculate the in-situ
stress of coal reservoirs. Therefore, this method
does not require the introduction of transverse wave
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time difference, so it has a certain innovation compared with the conventional method.
In this paper, taking the S CBM well block in
Qinshui Basin as example, the factor analysis
method is used to construct a coal reservoir in-situ
stress calculation model based on a large number of
coal reservoirs' microscopic composition, coal
quality, fracturing, and logging data. This research
has certain reference value for coalbed methane
exploration and development.

parameters as input items, a factor analysis method
is used to construct a calculation method for the insitu stress of coal reservoirs.

RESULTS
Coal reservoir characteristics. The coal
seam belongs to the primary structure coal, and the
macro coal rock composition is generally bright
coal, followed by vitrinite and dark coal. Affected
by the sedimentary environment and provenance,
the difference in microscopic composition will have
a certain impact on the hydrocarbon generation
ability of coal rocks. The vitrinite is suitable for the
formation of vitrinite under strong reducing environment, and the inertite is formed under weak
reducing environment [4-9]. The chitin group is the
product of the enrichment of the hydrogen-rich
components of plants during the coal formation
process, and its ability to generate hydrocarbons is
strong.
According to the statistical results of 40
groups of coal and rock microscopic components
(Figure 1), the microscopic components of the studied coals are mainly vitrinite, with the content generally ranging from 45% to 93%, with an average of
73.5%. The second is the inert group, whose content is generally distributed between 0.2% and 36%,
with an average of 18%. The content of chitin
group is generally less than 10%, and its average
value is 4.4%. The mineral content in coal is mainly
distributed between 0-15%, with an average of
2.2%.

MATERIALS AND METHODS
Geological background. The study area is located in the S coalbed methane block in the Qinshui
Basin. The coal seam studied is located in the
Shanxi Formation (P1s) of the Lower Permian System. The thickness of the coal seam is about 6 m,
and the vitrinite reflectance Ro>3.5%, which is
anthracite. The coal seam belongs to marine and
land alternate deposits. The buried depth of the coal
seam is 300~1 200 m, the average porosity is 3.1%,
and the average gas permeability is 0.35 mD.
The coal seam is easy to identify from the
conventional logging curve. The conventional logging response curve of coal seam is obviously different from that of roof and floor sandstone and
mudstone, which is characterized by three lows and
three highs, namely low gamma (GR), low spontaneous potential (SP), low density (DEN), high longitudinal wave time difference (AC) , high compensation neutron (CNL) and high resistivity (deep
lateral resistivity RD and shallow lateral resistivity
RS) characteristics.
Research method. In this paper, we analyzed
the microscopic composition and coal quality characteristics of 40 sets of coal samples. At the same
time, the fracturing method was used to determine
the in-situ stress of the coal reservoir. The crack
closure pressure (Pc) is the horizontal minimum
SULQFLSDOVWUHVV ıh). For the actual pressure change
curve of a fractured well, according to the change
law of the square root of time and the pressure drop
curve, the point where the curve deviates significantly is determined as the crack closure pressure.
7KH PD[LPXP KRUL]RQWDO JHRVWUHVV ıH) can be
determined by the theoretical formuOD ıH ıh-PfPpıt. In the formula, Pp is the formation pressure
DQGıt is the tensile strength.
Then, the sensitivity of conventional logging
parameters and coal seam stress is analyzed. The
selected conventional logging parameters include
longitudinal wave time difference (AC), borehole
diameter (CAL), density (DEN), natural gamma
(GR), porosity (POR), deep lateral resistivity (RD),
shallow lateral Resistivity (RS), deep and shallow
lateral resistivity difference (RD-RS) and natural
potential (SP). Finally, with conventional logging

FIGURE 1
Microscopic composition and content of coal
reservoirs in the study area.
Statistics on the coal quality characteristics of
40 samples in the study area (Figure 2) show that
the average water content of the coal in the area is
1.3%, the average ash content is 13.5%, and the
average volatile content is 7.8%.
The coal reservoirs in the study area have relatively high ranks, mainly lean coal—anthracite,
which has strong gas generation capacity and gas
content. The porosity of coal reservoirs ranges from
1.6% to 9.8%, with an average of 3.2%; gas perme-
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ability is mainly distributed from 0.1 mD to 1.1
mD, with an average of 0.4 mD.
The coal seam is easy to identify on the logging curve. Its gamma (GR) value is lower than that
of the top and bottom plates, and the resistivity (RD
and RS) is higher than that of the top and bottom
plates. There is a significant amplitude difference
between the density (DEN) and neutron (CNL)
logging curves or the neutron and acoustic time
difference (AC) logging curves.

Calculation result of in-situ stress of coal
reservoir based on fracturing method. The main
steps of the fracturing construction process include:
cycle, pressure test, test squeezing, fracturing, sanding, replacement squeezing and production process
[13, 31-32]. The change curve of construction
pump pressure, displacement, sand mixing ratio,
casing pressure with construction time constitutes
the dynamic change curve of fracturing construction. The formation fracture pressure (Pf) is mainly
analyzed and calculated according to the trial extrusion process.

FIGURE 2
Statistical results of coal quality characteristics of coal in the study area.
TABLE 1
The results of in-situ stress of coal reservoir calculated by fracturing method
Number

Well

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22

Fractured interval
(m)
683.65~688.00
546.20~551.15
686.50~691.10
523.35~529.35
646.80~652.00
544.20~549.90
702.60~708.10
675.20~679.90
467.65~472.30
495.60~500.60
472.00~476.80
605.75~611.35
466.80~471.30
523.80~529.45
512.60~517.10
688.60~693.90
558.30~563.40
470.60~475.60
576.50~582.60
558.00~563.10
453.25~457.95
655.30~660.15

Pf
(MPa)
22.32
23.00
27.25
19.00
19.88
19.00
23.27
16.88
19.15
15.51
18.45
23.40
17.95
19.60
17.56
23.60
13.03
19.58
22.21
28.50
19.13
29.47

ıh
(MPa)
14.5
13.0
16.6
12.5
13.5
13.5
14.5
13.2
12.5
12.0
11.5
14.5
11.5
13.0
12.0
14.5
10.0
11.5
13.5
15.5
11.3
16.0

ıH
(MPa)
19.18
14.00
20.55
16.50
18.62
19.50
18.23
20.72
16.35
18.49
14.05
18.10
14.55
17.40
16.44
17.90
14.97
12.92
16.29
16.00
12.77
16.53

ıv
(MPa)
17.09
13.66
17.16
13.08
16.17
13.61
17.57
16.88
11.69
12.39
11.80
15.14
11.67
13.10
12.82
17.22
13.96
11.77
14.41
13.95
11.33
16.38

ıH-ıh
(MPa)
4.68
1.00
3.95
4.00
5.12
6.00
3.73
7.52
3.85
6.49
2.55
3.60
3.05
4.40
4.44
3.40
4.97
1.42
2.79
0.50
1.47
0.53

Notes: Pf-Fracture pressure; ıh- Horizontal minimum principal stress; ıH- Maximum horizontal principal stress; ıv- Vertical
principal stress.
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ıH-ıh) is analyzed. The results show that the correODWLRQ EHWZHHQ ıK DQG ıH-ıh and the logging parameters is significantly better than ıH, so we mainly analyze the sensitivity of conventional logging
SDUDPHWHUVWRıh DQGıH-ıh.
The correlation analysis results show that the
five logging parameters of RD, RS, RD-RS, AC
DQG *5 KDYH JRRG FRUUHODWLRQ ZLWK ıh (Figure 3ad), and the other four conventional logging parameters (well There is no significant correlation between diameter CAL, density DEN, porosity POR,
QDWXUDOSRWHQWLDO63 DQGıh. However, the horizonWDO SULQFLSDO VWUHVV GLIIHUHQFH ıH-ıh) of coal and
rock only has a good correlation with the three
parameters of RD, RS, and RD-RS (Figure 3e-f),
while it has no obvious correlation with the other
six logging parameters.
It can be seen from Figure 3a that as the forPDWLRQ VWUHVV ıh) increases, the resistivity of the
coal seam tends to gradually increase. It can be seen
from Figure 3e that as the principal stress difference
ıH-ıh) in the horizontal direction increases, the
coal seam resistivity tends to gradually decrease.
For tight sandstone reservoirs, they usually have
high water saturation, so the resistivity of rocks will
LQFUHDVH H[SRQHQWLDOO\ ZLWK WKH LQFUHDVH RI ıH-ıh.
7KLVLVPDLQO\EHFDXVHDVWKHIRUPDWLRQURFNıH-ıh
increases, the fluid inside the rock is gradually
discharged, thereby increasing the resistivity. But
for the coal reservoirs studied, the average water
content is 1.23%, and the average daily water production of these 22 single wells is only about 0.136
m3, so it can be considered that there is almost no
water in the coal. Therefore, the change of coal
seam resistivity is mainly affected by the gas in the
coal seam. The higher the gas component content,
the higher the resistivity.

The principal stresses of 22 coalbed methane
wells (vertical wells) in the study area were obtained using the fracturing method described above.
7KHUHVXOWVVKRZWKDWıh is mainly distributed from
WR03DZLWKDQDYHUDJHYDOXHRI03DıH
is mainly distributed from 13 to 21 MPa, with an
DYHUDJH YDOXH RI  03D ıv is mainly distributed
from 11 to 18 MPa, with an average value of 14
MPa; ıH- ıh is mainly distributed between 0.5 and
7.5 MPa, with an average value of 3.6 MPa. The
JHRVWUHVV VWDWH VDWLVILHV ıH!ıv!ıh. Hydraulic fractures are easy to expand along the plane direction
IRUPHGE\ıH DQGıv, forming some high-angle and
nearly vertical hydraulic fractures.
The fracturing method was used to analyze the
in-situ stress of the single well with obvious fracture pressure in the study area. The results are
shown in Table 1.
It can be seen from Table 1 that the stress state
of the coal seam in the study area satisfies: horizonWDOPLQLPXPSULQFLSDOVWUHVV ıh) <vertical principal
VWUHVV ıv) <horizontal maximum principal stress
ıH). For the same set of formations, it is often
considered that the horizontal tectonic stress coefficients of various lithologic formations are equal.
Sensitivity analysis of conventional logging
parameters to geostress. The conventional logging
parameters of the coal seam fracture section of the
above 22 single wells were extracted, including
longitudinal wave time difference (AC), well diameter (CAL), density (DEN), natural gamma ray
(GR), porosity (POR), Deep lateral resistivity (RD),
shallow lateral resistivity (RS), deep and shallow
lateral resistivity difference (RD-RS) and natural
potential (SP) 9 conventional logging parameters.
Then, the sensitivity between these 9 conventional
ORJJLQJ SDUDPHWHUV DQG WKH JHRVWUHVV ıH ıh and

TABLE 2
Conventional logging parameter extraction results for fractured intervals
Number

Well

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22

AC
ȝVāP-1)
399
405
405
414
412
408
416
413
422
417
410
414
420
403
420
411
414
420
411
430
415
406

CAL
(in)
23.51
23.96
23.04
22.68
22.90
22.13
23.37
22.47
24.93
22.18
22.76
21.41
23.19
22.00
22.67
23.71
21.89
24.90
24.53
23.05
25.50
29.33

DEN
JāFP-3)
1.22
1.47
1.48
1.43
1.41
1.42
1.37
1.38
1.35
1.37
1.35
1.40
1.39
1.45
1.36
1.36
1.36
1.35
1.32
1.34
1.34
1.20

GR
(API)
60.90
65.62
62.04
66.56
61.88
75.82
56.27
58.56
44.53
51.08
60.00
50.63
50.79
64.10
54.16
61.19
49.91
55.00
43.29
48.95
42.86
70.12
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POR
(%)
3.00
3.31
3.39
3.56
3.59
3.79
3.86
3.97
4.00
4.00
4.02
4.02
4.03
4.04
4.06
4.08
4.10
4.16
4.23
4.64
4.67
4.80

RD
ȍāP
3 449
2 215
4 384
2 096
3 706
1 650
4 186
3 436
2 782
3 369
2 700
3 145
2 006
4 075
2 476
1 477
2 509
2 638
2 442
8 925
3 974
4 504

RS
ȍāP
3 171
1 714
3 832
1 902
3 276
1 484
3 491
2 967
2 506
3 089
2 446
2 780
1 710
3 768
2 229
1 272
2 236
2 306
2 313
8 374
3 429
3 202

RD-RS
ȍāP
278
501
552
194
430
166
695
469
276
280
254
365
296
307
247
205
273
332
129
551
545
1 302

SP
(mV)
48.86
66.87
37.12
73.44
39.25
-26.92
15.29
-15.45
5.39
174.00
7.47
47.8
73.29
277.00
-17.95
-40.17
102.51
65.44
44.99
31.07
50.39
42.98
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FIGURE 3
Sensitivity analysis of conventional logging parameters to geostress.
relatively higher resistivity difference. Figure 3c
shows that there is a certain negative correlation
EHWZHHQFRDOUHVHUYRLUıh and AC.
There is a certain positive correlation between
FRDOUHVHUYRLUıh and GR (Figure 3d). This is mainly because, with the increase of GR value, the content of adsorbent organic matter or argillaceous
matter in coal and rock continues to increase, and
these substances have strong toughness. Compared
with hard and brittle rock, ductile rock has relatively higher stress.

The coal reservoir is a dual medium with developed pores and fractures, and the opening and
closing of its internal pores and fractures are jointly
DIIHFWHGE\ıH DQGıh:KHQıH-ıh in the coal seam
is small, the internal stress of the rock is more uniform. At this time, the pore space is easy to open;
on the contrary, the pore space inside the rock,
especially the cracks, is easy to close. This is consistent with the fact that the gas production is relatively high in areas with small stress differences.
7KHUHIRUH DV ıH-ıh in Figure 3e increases, some
pores and fractures in the coal seam gradually
close, the gas content decreases, and the rock resisWLYLW\ GHFUHDVHV 6LQFH WKH ıH-ıh of the fractured
FRDOVHDPKDVDFHUWDLQQHJDWLYHFRUUHODWLRQZLWKıh,
WKHUHLVDSRVLWLYHFRUUHODWLRQEHWZHHQıh and resistivity. This also shows that the stress factors that
determine the opening and closing of the pore space
LQFRDODQGURFNDUHQRWRQO\UHODWHGWRıh, but are
DIIHFWHGE\ERWKıH DQGıh.
The difference in resistivity (RD-RS) has a
FHUWDLQSRVLWLYHFRUUHODWLRQZLWKıh (Figure 3b), and
D FHUWDLQ QHJDWLYH FRUUHODWLRQ ZLWK ıH-ıh (Figure
3f), indicating that the high gas-bearing zone has a

Application of factor analysis method in geostress calculation. According to the above research results, the logging parameters of deep and
shallow lateral resistivity, resistivity difference,
longitudinal wave time difference and gamma have
a good correlation with the horizontal minimum
principal stress of coal. Therefore, a geostress prediction model based on factor analysis method was
constructed using RD, RS, RD-RS, AC and GR.
In factor analysis, first, construct the original
data matrix containing M variables, each variable
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contains N data, the matrix decomposition formula
is [6, 33]:
(1)
D FLT  E
Where F is the factor score of the N matrix; L
is the factor load of the M matrix; E is the residual
matrix of the N-M matrix; superscript T is the matrix transpose. The number of factors in the N-M
matrix is a. Each unit in the matrix L represents the
weight of each measured value in the composite
factor. Assuming that the factors are linearly related, that is, FTF/N=I, I is the identity matrix, and the
correlation matrix (R) of each original variable after
standardization can be expressed as:
(2)
R N 1D T D LLT  \
In the above formula, Ȍ is a diagonal matrix,
and the expression is Ȍ=ETE/N.
The factor load (L) can be obtained by the following non-iterative method:
(3)
L (diagS-1 ) 1 / 2 : ( *  TI )1 / 2 U
a

The factor score (P) is estimated by the maximum likelihood method, and the equation is expressed as follows:
(4)
P ( D  FLT ) T\ 1 ( D  FLT ) max
When ϷP/ϷF=0, the linear expression equation
of factor score (F) is:
(5)
F ( LT\ 1L) 1 LT\ 1D
Generally speaking, the first column of matrix
F has a strong corrHODWLRQ ZLWK URFN ı )LUVW UHVHW
the factor scores of the column, and the conversion
equation is [34-35]:
(6)
F'
 F'
F'
1

F'

1,min

1,max

1,min

F
F
1,max 1,min

( F  F'
)
1 1,min

In the above formula, F1,min and F1,max are the
minimum and maximum factor scores derived in
formula (4), respectively; F1',min and F1',max are the
minimum and maximum expectations of the reset
factor F1', respectively. Finally, calculate the hori]RQWDOJURXQGVWUHVV ı DFFRUGLQJWRWKHIROORZLQJ
nonlinear formula [36]:
nF'
(7)
V
me 1

a

In the formula, īD GLDJ Ȝ1Ȝ2«Ȝa), Ȝ is the eigenvalue; ȍa Ȧ1Ȧ2«Ȧa), Ȧ is the eigenvector; U
is the random orthogonal matrix related to a factor.
Ȝ and Ȧ are obtained by the covariance matrix equation, and ș is a function of eigenvalues.

In the above formula, m and n are undetermined constants, which are obtained by nonlinear
regression.

FIGURE 4
Calculation process of geostress calculation based on factor analysis method.
TABLE 3
Prediction results of in-situ stress in coal reservoirs.
Number

Well

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12
A13
A14
A15
A16
A17
A18
A19
A20
A21
A22

Pf
(MPa)
22.32
23.00
27.25
19.00
19.88
19.00
23.27
16.88
19.15
15.51
18.45
23.40
17.95
19.60
17.56
23.60
13.03
19.58
22.21
28.50
19.13
29.47

ıh measured
(MPa)
14.5
13.0
16.6
12.5
13.5
13.5
14.5
13.2
12.5
12.0
11.5
14.5
11.5
13.0
12.0
14.5
10.0
11.5
13.5
15.5
11.3
16.0

ıH measured
(MPa)
19.18
14.00
20.55
16.50
18.62
19.50
18.23
20.72
16.35
18.49
14.05
18.10
14.55
17.40
16.44
17.90
14.97
12.92
16.29
16.00
12.77
16.53
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ıh predicted
(MPa)
13.4
11.9
17.1
13.4
13.3
13.1
12.5
14.9
13.0
12.2
11.1
14.3
11.4
12.8
12.4
13.4
10.3
12.3
15.5
16.5
10.8
15.5

ıH predicted
(MPa)
20.26
13.89
21.53
15.49
16.12
16.23
15.51
21.77
14.21
18.44
14.28
16.57
13.52
18.74
17.43
16.38
12.92
11.12
13.44
15.69
10.17
15.66
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In this paper, five logging parameters, RD,
RS, RD-RS, AC and GR, are used as input items,
and the horizontal principal stress of coal reservoirs
is calculated based on factor analysis (Figure 4).
The calculation results are shown in Table 3. It can
be seen that the factor analysis method can effectively predict the in-situ stress of coal reservoirs.
The average relative error of the horizontal maximum principal stress is less than 8%, and the relative error of the minimum horizontal principal
stress is less than 5%. The prediction results prove
the reliability of the method.
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the city will gather in one area at the same time. Fossil fuels burn in large quantities and emit large
amounts of toxic and harmful gases. Although the
urban atmospheric environment itself has a certain
function of dilution and self-purification, the highly
concentrated pollution sources and many complex
pollutants in the city have far exceeded the scope of
self-regulation of the atmospheric environment, not
only for the local climate and the air. The normal diffusion of pollutants has caused an impact, and at the
same time will cause a synergistic effect between air
pollution, leading to more serious environmental
problems [3-6]. The pollution of atmospheric particulate pollutants (PM2.5) during the occurrence of
haze weather is an important factor that threatens the
health of the population.
For gymnasts, good environmental quality is
not only conducive to improving their physical
health, but also improving their athletic ability [7-9].
On the contrary, a bad sports environment will have
a negative impact on the health of people participating in gymnastics. This article focuses on the research on the influence of atmospheric fine particle
pollution on gymnast's outdoor training physical fitness. Through literature method, testing method and
mathematical statistics method, the influence of different atmospheric particulate matter pollution on
gymnast's outdoor training physical fitness is analyzed. The results of the study show that the more
serious the air pollution, the more serious the negative impact on gymnasts' outdoor training physical
fitness. Gymnasts need to combine the concentration
of fine particulate matter in the atmosphere to
properly conduct outdoor training [10].
Atmospheric particulate matter is a general
term for various solid and liquid particulate matter
existing in the atmosphere. Various granular substances are uniformly dispersed in the air to form a
relatively stable and huge suspension system, which
is what we call an aerosol system, so atmospheric
particles are also called atmospheric aerosols [1113]. Atmospheric particulate pollutants are part of
the composition of atmospheric aerosols, and their
components can be divided into natural sources and
man-made sources according to their sources. The

ABSTRACT
Green environmental protection concept has
been gradually reflected in all aspects of life. For
gymnasts, the formation and improvement of competitive ability need to follow the principle of systematic training, that is, uninterrupted training, but
inevitably encountering haze weather. In order to
study the impact of PM2.5 weather conditions on
gymnastics' outdoor training health and sports performance, a study on the impact of atmospheric fine
particle pollution on gymnastics' outdoor training
physical fitness was proposed. Taking gymnasts in
Y Academy as the research object, through literature
data method, testing method and mathematical statistics method, we analyze the influence of different
atmospheric fine particle pollution on gymnastics
outdoor training physical fitness, so as to provide
training basis for gymnasts to conduct reasonable
training. At the same time, we put forward corresponding suggestions. The results of the study show
that: after the heavy load exercise, FEF25 measured
under high concentration of PM2.5 and medium concentration of PM2.5 are both lower than 80%, but
FEV1.0% is higher than 80%. In addition, the impact
of different PM2.5 concentrations on various indicators of gymnast's airway function has a certain shortterm and lagging nature, and has a greater impact after exercise.

KEYWORDS:
Atmospheric fine particle pollution, green environmental
protection concept, gymnasts, outdoor training, physical
fitness, PM2.5

INTRODUCTION
In recent years, due to the accelerating urban
process, the rapid development of urban construction, the rapid development of industry, and the continuous increase in the number of motor vehicles, the
air pollution in the city has increased [1-2]. A large
number of factories, people, and motor vehicles in
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latter is more harmful. Its source accounted for as
shown in Figure 1.
Academia divides atmospheric particulate matter into primary particulate matter and secondary
particulate matter [9, 14]. Primary particulate matter
is the particulate matter released into the atmosphere
by natural pollution sources and man-made pollution
sources, which directly cause pollution. Secondary
particulate matter is a substance produced by photochemical oxidation reactions and catalytic oxidation
reactions between certain pollutant gas components
in the atmosphere or between these components and
normal components in the atmosphere [15-16]. According to the aerodynamic diameter of the particles,
atmospheric particles can be divided into Aigen core
PRGH ȝP  DFFXPXODWLRQ PRGH aȝP 
DQGFRDUVHSDUWLFOHPRGH !ȝP 
(1) The Aigen core particles are mainly derived
from the primary particles produced by the combustion process and the secondary particles produced by
the homogeneous nucleation of gas molecules
through chemical reactions.
(2) Accumulation mold particles are mainly
generated by the condensation of core molds, or condensation and condensation of hot steam.
(3) Coarse particles are mainly composed of
primary particles such as dust, sea salt splashing, and
sandstorm produced by mechanical processes.
In the standard state (that is, the pressure is
760ml mercury column, the temperature is 273K),
the dust weight per unit volume of the gas is called
the dust concentration. The main methods for determining the concentration of atmospheric particulate
pollutants are: gravimetric method, light scattering
method, photometric method, particle calculation
method and indirect measurement method. There are
three main ways of expression:
(1) Quantity concentration: expressed by the
number of particles contained in a unit volume of air,
recorded as "pieces/L".
7%

(2) Mass concentration: expressed by the mass
of particles contained in a unit volume of air, denoted
as "mg/m3" or "Lag/m3".
(3) Settlement intensity: expressed in terms of
the number or mass of particles that naturally settle
down per unit time and unit area, denoted as "up
(cnl2·h)-or "t/(kin2·month) force. The concentration
of atmospheric particulates varies greatly, usually divided into instantaneous concentration and average
concentration, maximum or minimum, or average,
maximum and minimum at the same time. The average concentration value should also be divided into
1h average, 24h average or monthly average and
continuous average time. The maximum and minimum values should also be pointed out in terms of
time, that is, the daily maximum (minimum) value.
Studies have shown that long-term exposure to
pollutant particles in the air increases the risk of lung
cancer, even if the particle concentration is below the
legal limit. Another report said that these particles or
other air pollutants will increase in concentration in
the short term and increase the risk of heart disease.
European epidemiologists have found that lung cancer is significantly associated with air pollution particles in local areas [17-19].
On this basis, the article proposes an experimental study on the impact of atmospheric fine particle pollution on gymnastics’ outdoor training physical fitness. Through the measurement of the concentration of particulate pollutants in the atmosphere
during the experiment, training plans with different
loads are established based on the measurement results, and the physical fitness test indicators of the
athletes before and after the experiment are analyzed
to explore the impact of different concentrations of
atmospheric particulate matter under different load
exercises.

5.10%

7.80%
8.20%

32.10%

8.60%

10.40%
11.50%
21.70%
Natural source
Industrial process sources
Dust
Biomass burning
Other

Industrial sources
Vehicle emissions
Life source
Agricultural non-point source

FIGURE 1
Proportion of sources of atmospheric particulate pollutants.
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19, and from 0:00 on March 19 to 0:00 on April 25,
using portable aerosol monitors to collect the average mass concentration of PM2.5. The experimental
environment is shown in Figure 2.

MATERIALS AND METHODS
Research objects and instruments. The study
selected 10 gymnasts from Y University as the research objects. They train from 15:00 to 18:00 every
Monday to Saturday afternoon. All gymnasts are
male, non-smokers, in good health, and no major diseases in the cardiopulmonary system [20]. These athletes live in a PM2.5 monitoring area for more than
two years, and no respiratory infections during the
monitoring period. During the study period, the
height and weight of gymnasts were measured according to standard methods, and the basic data of
age were also calculated. The specific conditions are
shown in Table 1.
The experiment mainly uses two kinds of instruments: portable aerosol monitor and lung function tester.

TABLE 1
Basic characteristics of research objects
Indicator
Age
Height/cm
Weight/kg

Value range
20.0±2.0
177.4±6.6
75.5±5.6

While continuously monitoring PM2.5, a pulmonary function tester is used to check the pulmonary function of gymnasts before and after 2 hours
of exercise every day [21-22]. A total of 5 pulmonary
function testers were selected for the experiment.
The test time for each athlete was 3 minutes, and the
total test time for 10 athletes was 6 minutes. The
physical fitness indicators of gymnasts are shown in
Table 2.

Research methods. The experiment was conducted from 0:00 on February 19 to 0:00 on March

FIGURE 2
Panorama of the experimental environment.
TABLE 2
Description of physical fitness test indicators
Test
program

Description

Unit

Note

L

Vital capacity

L

Compensatory expiratory volume

FVC
FEV1.0

The difference between peak inspiration and
peak expiration
Maximum expiratory volume greater than
resting expiratory volume
Vital capacity for forced exhalation
Forced breathing volume within the first 1s

L
L

FEV1.0%

㸦FEV1.0/FVC㸧*100

%

Forced vital capacity
1s forced expiratory volume
The ratio of forced expiratory volume to forced
vital capacity in 1s

VC
ERV

MMF
PEF
FEF25
FEF50
FEF75
MVV

Average flow velocity from 75% to 25% forced
vital capacity
Maximum expiratory flow
Forced expiratory flow at 25% forced vital
capacity
Forced expiratory flow at 50% forced vital
capacity
Forced expiratory flow at 75% forced vital
capacity
Maximum expiratory volume in one minute
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L/s

Highest mid-expiratory flow rate

L/s

Maximum expiratory flow
Expiratory flow rate at 25% forced vital
capacity
Expiratory flow rate at 50% forced vital
capacity
Expiratory flow rate at 75% forced vital
capacity
Maximum voluntary ventilation

L/s
L/s
L/mi
n
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12
12

10

Large=12, medium=8, small 4

Large=12, medium=8, small 4

10

8

6

4

2

8

6

4

2

0

1

2

3

4

5
week

6

7

8

0

9
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2

3

4
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6

Day

FIGURE 4
Characteristics of high-load exercise
arrangements.

FIGURE 3
The exercise load structure arrangement during the
study period.

TABLE 3
Training content of high-load gymnasts and the arrangement of load
Weeks
1
2
3
4
5
6

Training
content
Speed
Special technology
Special force
Aerobic endurance
Special technology
Force

Training
methods
40m+70m+110m
110m+210m+310m
Dynamic balance training
3000m
110m+210m+310m
Squat 15 times, high turn 10 times

Gymnasts' Load
Arrangement
Three sets
Four sets
Six sets
One set
Four sets
Seven sets

Load
structure
Medium
Large
Large
Small
Medium
Large

days between 35μg/m3aJP3 (medium concentration) is 17 days. The number of days below
35μg/m3 (low concentration) is 16 days.
The analysis mainly uses SPSS20.0 statistical
software to enter the physical fitness index data and
the monitored PM2.5 daily exposure concentration
data of gymnasts in the two quarters into the database, and sort and analyze them through mathematical statistics. Through the paired sample T test, the
relationship between gymnast's outdoor training
physical fitness under different PM2.5 is analyzed,
and the ridge regression model is used to analyze the
impact of single-day lagging PM2.5 on gymnast's
various physical fitness indicators. The diagnosis of
collinearity on the data is obtained in the study, t obvious collinearity between the independent variables
is found out, and finally, the ridge estimation of regression coefficients is used to analyze the experimental data [17].

The structure of exercise load during the study
period is shown in Figure 3.
The study time is 9 weeks. According to the arrangement of medium load, large load, and small
load, each load exercise lasts for one week. In order
to ensure the reliability of the experimental data and
avoid accidental factors causing large errors in the
experimental results, the three cycles of experiments, the arrangement of each load exercise is consistent [23]. In the process of specific experiments,
we observe and analyze the training content and load
in different periods and stages. The gymnasts of Y
University train in a cycle of 6 days.
It can be seen from Figure 4 that during the
high-load exercise schedule period, large-load training is arranged every Tuesday, Wednesday and Saturday, two medium-load trainings are performed on
Mondays and Fridays, and one small-load training is
performed on Thursdays.
The specific sports content is shown in Table 3.
On this basis, we observe and count the training
of each training cycle. During the continuous monitoring of PM2.5, the concentration of PM2.5 showed
that 11 days exceeded the standard limit, and the remaining 30 days were below the standard value, and
the average concentrations were 88.9±9.3μg/m3.
During the outdoor training physical fitness test of
gymnasts, the number of days when the average
daily mass concentration of PM2.5 exceeds 75μg/m3
(high concentration) is 30 days, and the number of

RESULTS
On the basis of the above research methods, the
influence of different concentrations of PM2.5 on the
physical fitness of gymnasts in outdoor training is
obtained.
Usually an important indicator for evaluating a
gymnast is the level of lung function. Relevant research results show that the airway will decline after
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prolonged strenuous exercise. Table 4 shows that
during heavy load training, the measured FEF25 under high concentration of PM2.5 and medium concentration of PM2.5 are both lower than 80%, but
FEV1.0% is higher than 80%, which indicates during load training, different concentrations of PM2.5
are very likely to cause athletes to weaken the function of small airways. This is mainly because the athlete’s body oxygen consumption increases during
heavy exercise, and the PM2.5 content in the air reduces the effective oxygen intake during breathing.
At the same time, PM2.5 is blocked by the villi inside the nasal cavity and affects FEV1.0%, and can
even enter the upper respiratory tract. After being inhaled into the human body, it will directly enter the
bronchus, interfere with the gas exchange in the
lungs, and cause a decrease in effective breathing
capacity.
Table 5 shows the results of gymnasts' physical
fitness index under medium load.
Analyzing the experimental data in Table 5
shows that under medium-load training conditions
and different PM2.5 concentrations, both FEF25 and
FEF50 are greater than 80%, which shows that under
medium-load training, PM2.5 concentration does not
cause abnormal lung function and weakening of
small airway function in gymnasts. It shows that under the condition of medium-load training, the

amount of PM2.5 inhaled by the breathing action
that meets the body's oxygen demand is not enough
to have a significant impact on the body, and its impact can be eliminated through self-regulation.
Table 6 shows the results of gymnast's physical
fitness index under small load.
Analysis of the experimental data in Table 6
shows that under low-load training conditions, the
detected FEF25, FEV1.0%, and FEF50 are all
greater than 80%. This shows that under low-load
training, the PM2.5 concentration is not effective in
causing the abnormal lung function and weakening
small airway function. This further proves the correctness of the experimental results.
Based on the above analysis, it can be seen that
the impact of PM2.5 on athletes' indicators is related
to concentration. Under the same load condition, the
higher the concentration of PM2.5, the greater the
impact. At the same concentration, the greater the
load, the greater the impact.
On the basis of the above experimental results,
we analyze the average concentration of high and
low concentrations of PM2.5 exposure on the same
day (Lag0), 1 day lag (Lag1), 2 days lag (Lag2), and
3 days lag (Lag3). The physical fitness index results
obtained under each load is analyzed by ridge regression, and the specific changes are shown in Table 7
and Table 8.

TABLE 4
Comparison of outdoor training physical fitness indexes of gymnasts under heavy load
Indicator
PM2.5/ (μg/m3)
VC/ (%)
ERV/ (%)
FVC/ (%)
FEV1.0/ (%)
FEV1.0%/ (%)
MMF/ (%)
PEF/ (%)
FEF25/ (%)
FEF50/ (%)
FEF75/ (%)
MVV/ (%)

High PM2.5 concentration
109.6±25.4
122.2±4.6
102.0±18.4
105.6±7.9
97.6±3.5
108.2±5.9
105.1±14.6
91.5±4.0
79.0±14.6
96.3±10.4
88.3±13.9
120.9±7.0

Groups
Medium PM2.5 concentration
58.1±11.3
122.7±2.9
104.2±2.9
105.5±5.5
98.5±3.6
110.6±2.0
107.7±7.1
94.7±3.8
78.5±16.0
94.3±5.1
89.52±5.8
118.7±6.4

Low PM2.5 concentration
23.5±8.6
113.9±4.7
106.0±14.3
108.0±6.3
99.9±3.5
112.4±5.8
110.52±5.5
97.5±9.5
82.6±19.0
97.0±5.2
92.8±12.0
115.6±7.7

TABLE 5
Comparison of gymnast's physical fitness index under load
Indicator
PM2.5/ (μg/m3)
VC/ (%)
ERV/ (%)
FVC/ (%)
FEV1.0/ (%)
FEV1.0%/ (%)
MMF/ (%)
PEF/ (%)
FEF25/ (%)
FEF50/ (%)
FEF75/ (%)
MVV/ (%)

High PM2.5 concentration
101.2±33.3
123.3±4.3
107.7±10.8
107.1±6.5
99.1±3.7
110.2±3.7
108.2±4.2
90.4±5.7
88.9±12.2
95.3±10.4
90.3±12.1
120.5±7.0
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Groups
Medium PM2.5 concentration
57.8±7.3
123.2±4.9
94.9±8.4
104.8±3.4
98.5±3.3
111.6±2.7
108.7±4.3
93.1±5.1
89.2±10.1
97.7±4.0
88.2±6.9
118.3±7.4

Low PM2.5 concentration
24.7±3.4
114.5±3.4
101.9±21.7
106.0±7.4
99.4±6.1
109.4±4.7
110.5±10.4
97.9±7.5
93.1±23.2
99.8±6.4
90.7±11.1
111.6±9.9
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TABLE 6
Comparison of gymnast's physical fitness index under small load
Indicator
PM2.5/ (μg/m3)
VC/ (%)
ERV/ (%)
FVC/ (%)
FEV1.0/ (%)
FEV1.0%/ (%)
MMF/ (%)
PEF/ (%)
FEF25/ (%)
FEF50/ (%)
FEF75/ (%)
MVV/ (%)

High PM2.5 concentration
85.9±11.7
115.4±3.8
102.1±24.0
107.8±6.8
99.9±4.0
109.9±4.4
108.5±10.8
93.6±4.1
90.1±20.6
98.4±8.1
88.8±11.8
133.2±7.9

Groups
Medium PM2.5 concentration
53.3±5.4
111.4±3.6
89.9±14.4
104.1±6.1
97.7±2.8
112.5±5.6
102.5±11.9
92.2±8.4
90.2±19.3
94.1±10.5
82.1±6.4
119.8±12.7

Low PM2.5 concentration
32.2±5.1
114.5±3.3
105.5±20.5
106.8±5.1
99.9±4.3
110.2±2.7
110.6±4.5
93.8±4.5
82.3±18.9
96.7±2.9
89.7±4.6
124.2±5.4

TABLE 7
Lag effects of high PM2.5 concentration on gymnasts’ various physical performance indicators
Indicator
VC
ERV
FVC
FEV1.0
FEV1.0%
MMF
PEF
FEF25
FEF50
FEF75
MVV

Lag0
-4.68
-4.99
-2.93
-5.23
-3.33
-4.27
-5.27
-5.53
-6.12
-3.67
-4.99

Before exercise
Lag1
Lag2
3.33
-3.73
-3.02
-2.95
4.35
4.55
-3.92
-3.23
3.94
-3.45
-2.69
-5.97
-3.02
-3.00
2.22
-3.36
2.97
-3.88
2.94
-5.03
-2.62
4.92

Lag3
-2.32
3.96
4.72
3.97
4.92
-3.47
4.56
4.62
-4.56
-5.03
-1.97

After exercise
Lag1
Lag2
3.23
-7.59
-5.23
-2.73
3.87
5.54
1.52
-3.56
-3.44
-6.42
-4.88
-2.75
-4.86
-1.56
2.93
-4.48
-4.55
-4.53
-4.93
-2.93
3.33
4.66

Lag0
-4.94
-2.26
2.64
-4.94
-3.25
-2.67
-3.01
-5.44
-4.93
-2.26
-4.95

Lag3
-1.94
4.92
4.83
-5.71
2.94
-5.01
4.94
3.56
2.53
4.83
-1.96

TABLE 8
Hysteresis effect of low M2.5 concentration on gymnasts’ various physical performance indicators
Indicator
VC
ERV
FVC
FEV1.0
FEV1.0%
MMF
PEF
FEF25
FEF50
FEF75
MVV

Lag0
0.22
0.33
4.33
2.45
4.89
-2.65
0.33
0.37
-2.63
-2.72
-4.85

Before exercise
Lag1
Lag2
-4.94
5.23
-4.27
4.32
5.23
1.23
6.93
4.73
-4.63
-3.65
-5.01
5.35
-4.95
4.04
-0.42
4.85
1.73
4.75
2.81
5.93
2.81
5.93

Lag3
2.28
2.25
-3.38
4.32
3.63
2.45
2.39
2.47
-4.94
-4.92
2.23

Analysis of the experimental data in Table 7
and Table 8 shows that under high PM2.5 concentration conditions, VC and EVR indicators show significant negative effects before exercise. This is mainly
because high PM2.5 concentration will cause more
PM2.5 in the body during breathing, and its effects
cannot be eliminated through its own metabolism in
a short time. Under the condition of low PM2.5 concentration, the effects of various indexes of gymnasts
before and after exercise are not statistically significant. The main reason is that the PM2.5 brought into
the body by breathing under the condition of high
PM2.5 concentration is not enough to cause a significant impact on human breathing skills. It shows that

Lag0
0.71
2.2
4.80
3.0
-4.8
-2.6
4.4
-3.2
-2.5
-2.4
0.31

After exercise
Lag1
Lag2
0.45
6.72
-4.93
4.95
4.33
-3.43
-5.01
4.67
-4.36
3.43
1.65
4.85
4.32
6.37
-3.86
4.42
-0.25
4.78
-0.37
4.93
-5.02
5.14

Lag3
3.36
2.33
3.67
2.28
-3.64
-4.97
2.48
-3.63
-5.02
-4.96
2.39

the impact of PM2.5 on various indicators of athletes
is directly related to the concentration. The greater
the concentration, the more obvious the impact of
PM2.5.

CONCLUSIONS
Based on the concept of green environmental
protection, this paper focuses on the impact of atmospheric fine particles pollution on gymnasts' outdoor training physical fitness. Through the different
PM2.5 pollutant concentration, different load exercise athletes’ indicators were statistically analyzed.
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The results show that high-concentration atmospheric fine particle pollution will deteriorate athletes'
physical fitness and cause various lung diseases.
Gymnasts should stop outdoor training. Under the
same atmospheric concentration, the impact of atmospheric fine particle pollution on athletes increases with the increase of exercise load. Low
PM2.5 concentration has no obvious impact on athletes' physical fitness in the short term. Gymnasts
need to appropriately select small load items for
training according to the concentration of atmospheric fine particle pollution to effectively prevent
the occurrence of diseases.
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Although Troll introduced the term of
landscape ecology in 1939, in the following 40 years,
with the development of society and the slow
progress of the economy, the development of
landscape ecology was relatively slow [4, 5]. In the
1980s, more and more people paid more attention to
landscape ecology and generated strong interest. In
1982, the International Association for Landscape
Ecology is founded and a new journal, Landscape
Ecology is seted in 1987 [6]. Since then, landscape
ecology has undergone tremendous changes and has
developed rapidly [7]. At present, landscape ecology
has been widely used, and plays an important role in
ecological research, and has played a supporting role,
such as biodiversity conservation [8], global change
and regional sustainable development [9], and landscape planning and management [10]. It transcends
the classical field of bio-ecological sciences and integrates with the fields of social sciences, such as
economics, social psychology, geography, and cultural sciences [11].
In recent years, with the rapid economic development, land development progress has accelerated,
and cities have expanded extremely, all of which
have changed the original form of the earth's surface.
The destruction of forests and the decline of river
water levels has resulted in the loss of habitats for
animals and plants, which has led to a deterioration
in the quality of the atmosphere and serious pollution
of the water environment. In the process of urbanization, patch fragmentation and poor patch connectivity of natural landscapes have become a serious
problem to be solved urgently, and the ecological environment is facing the problems of species extinction and serious pollution [12].
Currently, China is still in the process of
developing the industrialisation [13], but the
rigorously ecological and environmental problems
have hindered the economy development [14].
Recently, a pattern of industrial corridors develops
rapidly in China. But there are certain disadvantages
for the model, which could seriously affect the
sustainability of the landscape ecology of the area
[15, 16]. Recent research in system science indicates
that the nature-society-economy system of an area is
an open complex system [17],

ABSTRACT
With the gradual deterioration of the
environment, people’s awareness of environmental
protection has gradually increased. Traditional
garden design concepts, concepts and connotations
can no longer meet the requirements of
contemporary society. Modern garden design should
take the minimum environmental cost and protect
the environment as the goal. The garden design is
carried out from an ecological perspective. Ecological garden landscape construction under the influence of regional culture is studied. The result show
that in the process of building ecological garden
landscape, we should adhere to the principle of people-oriented and ecological sustainability, and strive
to create an ecological landscape integrating art, science and humanity. Establishing urban ecological
networks, which has important significance for good
urban ecosystems and sustainable development.

KEYWORDS:
Ecological garden landscape, Regional culture, Environmental cost, Design

INTRODUCTION
The scope of landscape ecology is relatively
wide, which is focusing on spatial heterogeneity, and
it will affect ecological processes. Generally
speaking, the distribution of biotic and abiotic
factors in an ecosystem is very special and easy to
change. The causes and consequences of the
processes arised are studied [1]. Furthermore,
landscape ecology obviously resolves important
composition and spatial configuration of habitat
patches during the ecological processes. It focus is
different from those traditional ecological studies
and broader spatial extents is focused for it [2].
Therefore, landscape ecology plays a very great role,
which conformed different scales of biodiversity
from the levels of habitat patches to biome [3].
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FIGURE 2
Correlation of the papers
and thus, decision makers need a quantitative model
to control industrial growth and protect the
sustainable development of landscape ecology in
industrial areas.
In the established background environment,
whether it is human elements, natural elements or
aesthetic elements, it has its clear historical
inevitability. In addition to giving people a good
visual experience, it should also be designed in the
real ecological landscape. It fully reflects the
regional culture and the characteristics of the times.
The present study is to find the current
problems of garden landscape construction and to
establish urban ecological networks, which have
important significance for good urban ecosystems
and sustainable development.

more attention from the public. People's pursuit of
material conditions and spiritual aspects in life is getting higher and higher, and higher and higher requirements are also imposed on various conditions
and factors in society. The development speed of
modern urban planning is accelerating, and the construction of ecological garden landscape has a huge
market demand. At the same time, the construction
of ecological garden landscape has also received attention from all walks of life. At present, China's
ecological garden landscape construction and urban
construction have achieved great results, and the
quality of daily life of urban residents has been significantly improved.

200
MATERIALS AND METHODS

150
100

We use the methods of literature analysis and
field research to carry out statistical analysis on the
collected data, propose a coordination degree model,
and give a calculation method for the coordination
degree.

50
0

FIGURE 1
Papers related to ecological garden landscape
published during 2008–2018

RESULTS AND DISCUSSION
Ecological garden landscape construction is a
comprehensive discipline that combines natural
science, aesthetics and humanities and arts. The
landscape design can maximize the designer's
ideology, and can combine the natural elements with
the artificial elements to reflect the ecology and
society through physical display. As well as certain
cultural needs, thus enriching people's material
culture and spiritual and cultural life, and making the
living environment of human beings better.
For Figures 1 and 2, papers related to ecological
garden landscape published during 2008–2018 is
present. These indicate that the construction of ecological garden landscape has attracted more and

China's urban development and construction
pay too much attention to economic benefits, and designers blindly follow the trend of foreign culture,
resulting in the lack of cultural connotation of urban
ecological garden landscape. The urban ecological
garden landscape is the crystallization and product of
the local regional culture, and the regional nature
contained in the cultural landscape not only conforms to the regional culture, but also conforms to
the development of the local social environment and
economic environment and resource conditions at
that time. Requirements, so the combination of regional culture and ecological garden landscape con-
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struction is of great significance to urban construction.
Figure 3 shows coordination degree is high.
Through the reappearance of cultural contexts and
the reuse of historical buildings, Changchun City respects historical and cultural relics to the greatest extent, transforms and utilizes the remains of the water
storage industry, respects the characteristics of the
site, and reduces the secondary damage caused by
development. Protecting the original site materials,
site features, and reusing the relic materials, so that
the landscape construction can also have traces of
history in the regeneration.

people to value folk culture and take memories of
past years. The Manchu believes and inherits shamanism in a long historical period. Jilin Province is
one of the birthplaces of the world-recognized
Shaman culture, Manchu culture is an important part
of the regional culture in Changchun. Manchu built
mud thatched cottage and brick stone houses with
tile roof, its style is elegant, stately and rustic. The
facade of brick wall lined up the joint with the
rubbed brick, which looked dignified, flat, economical, durable, fireproofing and responded to white
walls, so the overall style is fresh and elegant.

(a)
(a)

(b)
FIGURE 3
Effect of ecological garden landscape
construction on coordination degree

(b)
FIGURE 4
Effect of regional culture on coordination degree

Figure 4 shows coordination degree is high. Jilin Province is a major agricultural province, has a
rich farming culture. As the capital city of Jilin Province, Changchun held the Agricultural Fair annually.
Agricultural Fair as being in an “Agricultural Museum” displays farming life, agricultural customs,
characteristics and culture, even the past that the ancestors did which people gradually forget, arouses

404

© by PSP

Volume 30– No. 01/2021 pages 402-405

Fresenius Environmental Bulletin

[10] Xue, Y. (2017) Urban park landscape planning
based on urban ecology. Agro. Food Ind. HiTech. 28 , 2472-2475.
[11] Connolly, C. (2017) Landscape political ecologies of urban 'swiftlet farming' in George Town,
Malaysia. Cult. Geog. 24, 421-439.
[12] Zhao, S.-M., Ma, Y.-F., Wang, J.-L., You, X.-Y.
(2019) Landscape pattern analysis and ecological network planning of Tianjin City. Urban
Forestry & Urban Greening. 46, 126479.
[13] Ren, B.P. (2005) Industry-financed agriculture:
the strategy's transition and policy preference of
the mid-term stage of the industrialization in
China. J. Northwest Univ. 4, 35-44.
[14] Zhang, M., Kang, J. (2009) Subjective evaluation of urban environment: a case study in Beijing. Int. J. Environ. Pollut, 39, 187-199.
[15] Jin, B., Lu, T., Deng, Z. (2011) Transformation
and upgrading of China's industrial structure:
process, issues and trends. China Ind. Econ. 2,
5-15.
[16] Zhang, K.M., Wen, Z.G. (2008) Review and
challenges of policies of environmental protection and sustainable development in China. J.
Environ. Manag. 88, 1249-1261.
[17] Meng, X., Sun, M., Jones, M. (2013) Practitioners' perspectives on supply chain collaboration
in UK construction projects. Int. J. Inform.
Technol. Proj. Manag. 4, 27-40.

CONCLUSIONS
Ecological garden landscape construction in
Changchun under the influence of regional culture is
studied. The result show that in the process of building ecological garden landscape, we should adhere
to the principle of people-oriented and ecological
sustainability, and strive to create an ecological landscape integrating art, science and humanity. Establishing urban ecological networks, which has important significance for good urban ecosystems and
sustainable development.
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iterranean climates, with a considerable summer
drought period and on a great variety of soil types,
either on acidic or basic parent materials. In Turkey, it is widely distributed along the Mediterranean coastal provinces and also in the interior. It plays
a very important role in erosion control, especially
after fire, as a fundamental fodder source for wildlife and livestock (mostly goats) [1]. Generally, this
vegetation type is composed of both evergreen and
deciduous shrubs with an understory of herbs.
Kermes oak, an evergreen sclerophyllous shrub, is
the redominant vegetation of a large part of shrublands in Turkey. This species is easily selected by
goats and constitutes a high proportion of their diets
[2] but its nutritive value is ranged from medium to
low [3]. However, when kermes oak shrubland has
an open form (shrub cover = 50%) then forage
production of herbs is increased and therefore improves grazing conditions and enhances livestock
production. At present, grazing in Turkey is applied
without any planned management scheme thus
neglecting sustainability of the grazing lands. This
practice ignores the potential improvement of production by applying improved management
schemes. The stocking rate applied has an impact
on both the plant community and animal production.
Growth of undisturbed shrubs in the Mediterranean zone regularly terminates by the end of June
[3]. A secondary growth appears in late summer or
early autumn only when sufficient rain occurs.
Repeated clipping, however, can stimulate new
growth of evergreen species [4] through the summer, even without any new rainfall. Since new
growth can be stimulated when no regular growth
occurs, clipping can be expected to increase the
production of forage. This regrowth by clipping is
expected to improve forage value since it is highly
preferred by goats. However, repeated intensive
grazing, especially when the environmental conditions are unfavorable (etc. limited soil moisture),
could result in reduced plant vigour. In order to
maintain the desirable vigour under these environmental conditions grazing has to have more than 15
days interval [4].

ABSTRACT
Modeling the niches and distributions of the
species using machine learning technique has become one of the effective tools of conservation
planning today. Analyzing how the main species of
our country will be affected by climate change is of
great importance for planning about these species.
Quercus coccifera which is one of the important
evergreen oak species in Turkey, is easily selected
by goats and constitutes a high proportion of their
diets.
In this study, it is aimed to determine the potential distribution area of Quercus coccifera and
how it will be affected by climate change. Bioclimate layers with a resolution of approximately 1
km2 (30 arc seconds) obtained from the WorldClim
database with the presence data of the species were
cut within the specified limits and processed with
the Maximum Entropy algorithm to determine the
potential distribution area of the species in today's
conditions.
In addition, the potential distribution area in
2050 and 2070 was modeled according to the climate scenarios in RCP 2.6, RCP 4.5, RCP 6.0 and
RCP 8.5 in order to determine how the distribution
area of the species will be affected by climate
change. According to the CCSM4 climate change
scenario, it is seen that there are losses in potential
distribution areas of the species in the future. The
result of the study shows that the current and future
spread areas of Quercus coccifera, which is spread
in a very limited area, will gradually narrow.

KEYWORDS:
Quercus coccifera, climate change, potential distribution,
Turkey, MaxEnt

INTRODUCTION
Kermes oak (Quercus coccifera L.) is undoubtedly one of the most important shrub species
in the Mediterranean Basin, which covers more
than 2 million hectares. It grows under typical Med-
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Maquis areas constitute a significant portion
of 4.23 million hectares of Mediterranean forest
areas in Turkey [5]. Quercus coccifera is an evergreen and broad-leaved species that stands out in
the Mediterranean flora in general in the form of a
bush [6,7,8].
Although Turkey is located in the Mediterranean climate in general, is a country where there are
many sub-types of climates. Turkey is among the
countries most at risk from climate change in this
complex structure. Turkey can be seen particularly
due to global warming, depletion of water resources, forest fires, drought and ecological degradation relating to them will be affected by desertification.
The current potential distribution of the species and its potential future distribution according
to different climate scenarios can be revealed by
machine learning methods by using punctual field
records where the species exist and the layers created by using the digital bioclimate data of these
areas [9,10,11,12,13,14,15,16]. Among the modeling approaches, Maxent is widely used because it
performs better with small sample sizes compared
to other modeling methods [12,17,18]. Studies in
recent years regarding important for some plant
species in Turkey are remarkable [19,20,21].
GCM (General Circulation Models) models
are run with IPCC climate scenario approaches and
general climate forecasts are made for the next
century. GCM results can be reduced to certain
areas with scale-down. Since this procedure does
not require high power computer hardware, the
scaled-down results of some GCMs can be used. In
this study, the effects of climate change on Quercus

coccifera which is an important element for grazing
is aimed and the changes in the potential distribution area are presented.

MATERIALS AND METHODS
Southern, southwestern areas of Turkey and
also the Marmara Region where Quercus coccifera
distributed naturally, has been determined as research area. For the presence data used in the study,
the coordinates of 40 sample points were determined using the existing literature [22,23,24] for
areas where the species spread, and the sample
points determined in the WGS 84 coordinate system were marked using the Google Satellite Hybrid
base maps in the QGis 3.8.1 [25] program. Research area and sampling points are given in Figure
1.
The species distribution model has been used
to determine the potential distribution area of Quercus coccifera in Turkey and how its distribution
areas will be affected by climate change in the
future.
Worldclim database was used for the current
potential distribution area modeling. Worldclim
version 1 includes monthly minimum, maximum
and average temperature values and monthly average precipitation between 1960 and 1990. Bioclimatic variables used to determine the current distribution and at 30 seconds spatial resolution (approximately 800 m) were derived from the observed
data in WorldClim version 1 and are given in Table
1 [26,27].

FIGURE 1
Research area and sampling points
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Variable
Elevation
WC1
WC2
WC3
WC4
WC5
WC6
WC7
WC8
WC9
WC10
WC11
WC12
WC13
WC14
WC15
WC16
WC17
WC18
WC19
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TABLE 1
Environmental variables used in the study [27]
Description
Annual Mean Temperature
Mean Diurnal Range (Mean of monthly (max temp - min temp))
Isothermality (WC2/WC7) (* 100)
Temperature Seasonality (standard deviation *100)
Max Temperature of Warmest Month
Min Temperature of Coldest Month
Temperature Annual Range (WC5-WC6)
Mean Temperature of Wettest Quarter
Mean Temperature of Driest Quarter
Mean Temperature of Warmest Quarter
Mean Temperature of Coldest Quarter
Annual Precipitation
Precipitation of Wettest Month
Precipitation of Driest Month
Precipitation Seasonality (Coefficient of Variation)
Precipitation of Wettest Quarter
Precipitation of Driest Quarter
Precipitation of Warmest Quarter
Precipitation of Coldest Quarter

In this study, in order to predict the future
spread area of Quercus coccifera species, the new
version of all sub-models in May 2010 and simulating the atmosphere of the earth, ocean, land surface
and sea ice simultaneously with one central unifying component and from four different models.
CCSM version 4 (The Community Climate System
Model) is used, which allows researchers to conduct basic research on the past, present and future
climate conditions of the world. Depending on this
model, RCP 2.6, RCP 4.5, RCP 6.0 and RCP8.5
scenarios, one of the climate change scenarios
(Representative Concentration Pathways RCPs)
reported in the Fifth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC5),
were studied as a climate scenario. RCPs are used
in climate modeling and research to define climate
scenarios that are thought to be possible depending
on the intensities of greenhouse gas emissions in
the near future [28,29,30]. For future projections,
2050 bioclimatic data refer to the averages between
2041 and 2060, and 2070 data refers to the averages
between 2061 and 2080 [31]. In modeling the potential and future distribution of the species, the
maximum entropy approach, which is a correlative
model, was used in Maxent 3.4.1 version [32,33].
Maxent modeling procedure has been carried out
using the "auto features" feature.
AUC (Area Under the ROC Curve) value obtained from the ROC (Receiver Operating Characteristic) analysis was used to determine the performance of the model [10,34]. The AUC value obtained can be interpreted as the predictive probability of the existence of a randomly selected grid cell
in a properly tuned model. The AUC describes the
success of the model with all possible thresholds. If

this value is AUC> 0.5, it indicates that the model
performs better than a random estimate [35]. The
closer the AUC test value is to 1, the better the
discrimination, the more sensitive and descriptive
the model is [32].
To interpret the AUC value, threshold values
ZHUHGHILQHGDV$8& YHU\JRRG!$8&
 JRRGDQG$8& SRRU[36,37]. Finally,
in order to determine the degree of contribution of
environmental variables, the Jackknife test option
was used in the MaxEnt modeling program [17,38].
This option allows determining the importance of
each independent variable in creating the model.

RESULTS AND DISCUSSIONS
The model was conducted by using 40 sampling localities with 19 environmental variables.
The ROC curve of the final model shows a high
predictive power with an AUC score of 0.86. According to the outputs of the model obtained as a
result of the study, the model performed better than
a random estimate due to AUC> 0.5. The 0.932
AUC value in the ROC curve obtained proves the
precision of the model (Figure 2). These results
show that the model performance is very good, that
is, the model has a high predictive power [36].
Jackknife is an option that allows measuring
the effects of environmental variables in MaxEnt
modeling program. This option allows determining
the importance of each independent variable in
creating the model. The environmental variable
with the highest gain when used in isolation is Bio
19, which shows Precipitation of Coldest Quarter.
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FIGURE 2
Performance of the MaxEnt model produced for Q.coccifera

FIGURE 3
Contribution of bioclimatic variables to the model
This variable is followed by Bio 16 showing the
Precipitation of Wettest Quarter and also Bio 13
showing the Precipitation of Wettest Month (Figure
3).
In the MaxEnt model, the rate of presence of a
species in the field is determined with a value between 0-1. As the values approach 1, the rate of
potential presence of the species in that area increases. In the study, threshold values for habitat

suitability in determining the current and potential
distribution of Quercus coccifera were determined
as 0-0.5 not suitable, 0.5-0.7 suitable, 0.7-1.0 very
suitable. The estimation maps of the current and
mid-holocene potential distributions of Quercus
coccifera reflected by the MaxEnt model using the
QGIS 3.8.1 version are given in Figure 4.
When Figure 4 is examined, although there is
a great similarity between the known geographical
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spread of Quercus coccifera and the estimation of
today's potential spread areas, the distribution area
especially for our country extends eastern to Western Mediterranean region and also through to Aegean and Marmara regions.
According to the model data, the potential distributions of Quercus coccifera for the years 2050
and 2070 estimated according to the RCP 2.6, RCP
4.5, RCP 6.0 and RCP 8.5 climate change scenarios
are given in Figure 5 in detail. Accordingly, the
potential distribution of Q. coccifera under bioclimatic conditions in 2050 and 2070 decreases in all
scenarios. It is seen that the most dramatic decrease
is in the RCP 8.5 scenario for 2070. These forecasts
anticipate that the geographic spread of Quercus
coccifera will decrease in the future and potential
habitat loss may reach serious rates in all climate
change scenarios.
When the current distribution area of the studied area as a whole, estimated future distributions
of Quercus coccifera, where habitat loss is especially noteworthy in Turkey's western region. Similar
results have been obtained in some studies on the
effects of climate changes on plants, and it has been
reported that plants that spread especially in the

Mediterranean ecosystem are in danger of extinction if they do not adapt to climate change [19,39].
Studies carried out with important tree species
in recent history also show that there will be significant habitat losses due to climate change. [40]
reported that significant contraction will occur for
Phoenix theophrasti which is endemic species for
Turkish flora depending on the climate change.
There are also similar studies report that habitats
will shrink for Castanea sativa [19], Cornus mas
[20] and Pinus pinea [21] species in Turkey.

CONCLUSIONS
The result of the study shows that the current
and future spread areas of Quercus coccifera, which
is spread in a very limited area, will gradually narrow. Valuable information for the management of
rare and endangered species can be generated by
modeling the distribution areas of the species.
However, Quercus coccifera is preferred especially
for goats grazing by shepherds. Irregular and overgrazing which continue for a long time, cause

FIGURE 4
The estimation maps of the current and mid-holocene potential distributions of Quercus coccifera
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FIGURE 5
Estimated distribution areas of Quercus coccifera for 2050 and 2070 according to RCP 2.6, RCP 4.5, RCP
6.0 and RCP 8.5 scenarios
serious damage on forests also on Quercus coccifera stands in Turkey. For this reason, some precautions must be taken for preventing damages of
overgrazing in these stands. Borders between forests and rangelands must be determined certainly.
Forest and forest rangeland areas should be separated. Also, forest directorate should allow the use of
forest resources by villagers. Provisions about grazing of goats should be taken place in forest management plans. Cultivation of fodder should be
implicated for reducing grazing pressure on forest
areas. In addition to this, versatile job possibilities
should be provided for villagers. Establishing of
cooperatives is a good way to villagers for assessing property much better and providing fodder
and fertilizer cheaper. Hair goat breeders should
become organize and grazing management should
be carried out by this organization.
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Diets of goats grazing oak shrublands of varying cover in northern Greece. J. Range Manage. 46(3), 220-226.
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phenological stages. Paper presented at the
36th Annual Meeting of the European Association for Animal Production, Kallithea, Greece,
30 Sept.-3 Oct. 1985.
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source of environmental pollution, industrial pollution determines the trend and direction of social development [1]. With the proposal of "green development, environmental protection and ecological civilization", the improvement of the social environment
has been further promoted. Various provinces and
cities across the country have also actively cooperated with the call for ecological development to reduce industrial pollution and increase investment in
industrial pollution control. However, higher environmental governance costs are not conducive to the
development of the national economy. Nowadays,
cities are gradually becoming smarter. With the support of current information technology, the applicability of traditional industrial pollution control methods is becoming weaker and weaker. Large-scale industrial pollution control investment has also increased the pressure on related enterprises, resulting
in pollution control. The efficiency is reduced, and
the capital investment does not match the actual governance effect [2-3].
In response to this problem, experts in related
fields have also obtained some good research results
in recent years. Literature [4] puts forward the concept of spatial spillover of industrial pollution control investment and analyzes pollution investment
with employment as the research object. The Moran'sI index is used to calculate the expected value of
investment in industrial governance. Based on the
correlation between investment in industrial pollution control and employment, a spatial measurement
model is constructed to study the impact of employment on investment in industrial pollution. The application of the method in this study is relatively simple. Among the influencing factors of industrial pollution control investment, the employment factor is
not the key factor, which makes the method not very
convincing. Literature [5] proposed the impact of
ecological security system on industrial pollution
control investment. They use the Pressure-State-Response (PSR) model to establish an ecological security system and evaluate the level of pollution control
investment under the ecological security system. The
research results of this method are too one-sided, and

ABSTRACT
Industrial pollution control is an important factor in the development of green and energy-saving in
the current information society. Studying the impact
of smart technology on investment in industrial regional pollution control is of great significance to
improving the governance capabilities of smart cities.
This research takes Fujian Province as the object to
empirically study the impact of smart technology on
industrial regional pollution control investment. The
status of industrial environment quality and industrial pollution control investment in Fujian Province
are analyzed. Based on this, in order to analyze the
impact of smart technology on industrial regional
pollution control investment, we select the evaluation indicators of influencing factors to obtain the degree of impact of smart technology on pollution control investment. We introduce the improved data inclusion law (Data Envelopment Analysis, DEA),
construct a dynamic DEA model, and finally, use the
obtained data to realize an empirical analysis of the
impact of smart technology on industrial regional
pollution control investment. The results show that
after the introduction of smart technology, the total
investment in industrial pollution control in 2015
was 2.6 billion less than that in 2014, and the total
investment in industrial pollution control fell to 6.5
billion in 2019. The empirical research results show
that smart technology has a great impact on investment in industrial regional pollution control.

KEYWORDS:
Industrial pollution, environmental empirical research,
smart technology, control investment, data inclusion law,
empirical research

INTRODUCTION
As the primary means of national development,
industrialization has increased urban industrial pollution and aggravated the contradictions and conflicts between social and economic development and
natural environmental protection. As the main
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the results obtained cannot reliably explain the degree of impact of industrial pollution control investment.
Based on the background of smart cities, this
article aims to reduce industrial pollution investment
and optimize the effect of industrial pollution control.
Taking Fujian Province as an example, this article
explores the impact of smart technology investment
on industrial pollution control. Located in the southeast coastal area of China, Fujian Province has abundant natural resources and rapid economic development, but the problem of industrial pollution is also
serious. This article takes the investment of smart
technology as the main entry point, selects the evaluation indicators of influencing factors, and obtains
the degree of impact of smart technology on pollution control investment. This study constructs a dynamic DEA model to complete an empirical analysis
of the impact of smart technology on industrial regional pollution control investment. The analysis results verify that the total investment in industrial pollution control has been reduced year by year after the
introduction of smart technology, providing a reliable basis for research in related fields.

MATERIALS AND METHODS
The quality of the industrial environment
and sources of investment in Fujian. Due to the
close relationship between industrial pollution and
social and economic development, the current rapid
growth of industrial economy has led to serious environmental pollution problems [6]. If industrial development is restricted, the social process will be
greatly affected. The coordination between the two
is the main problem that needs to be resolved at present.
On the basis of the statistical data meeting the
availability requirements, this study uses the relevant
data of Fujian Province from 2006 to 2010 to summarize the environmental quality of the industrial
economic growth in Fujian Province. The data
comes from the National Bureau of Statistics and Fujian Provincial Bureau of Statistics [7-9]. From 2006
to 2010, The total industrial production value and
output growth rate, industrial wastewater emissions
and growth rate, industrial waste gas emissions and
growth rate data are integrated, as shown in Table 1.

TABLE 1
Industrial development and pollution in Fujian Province

Years

Industrial output value/100
million

Industrial output growth
rate/%

Industrial
wastewater discharge/10,000
tons

Industrial
wastewater
discharge
growth
rate/%

Industrial
waste gas
emissions/cubic
kilometers

2006
2007
2008
2009
2010

11855
14425
17141
18681
23805

19
22
19
9
27

127583
136408
139997
142747
154168

-3
7
3
2
5

6884
9747
9150
10497
13507

Industrial
waste
gas
emission
growth
rate/%
10
42
-6
15
29

TABLE 2
Statistics of sources of investment in industrial pollution control in Fujian Province
National
Environmental proEnterprise
Domestic
Utilization of
budget
tection investYears
self-raised/100 loans/100 milforeign capifunds/100
ment/100 million
million
lion
tal/100 million
million
2012
0.57
0.19
11.85
0.94
0.22
2013
0.19
0.78
15.91
0.55
0.69
2014
0.29
0.19
16.96
0.25
0.45
2015
0.56
0.54
0.42
0.60
2016
0.11
12.66
0.10
2017
0.34
0.09
17.63
0.96
2018
0.72
0.08
25.51
0.75
2019
0.62
0.06
15.43
0.69
-
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Industrial wastewater discharge increased from
127583 million tons to 154168 million tons, and industrial waste gas emissions increased from 6,884
cubic kilometers to 13,507 cubic kilometers. It
shows that during these five years, the industry in
Fujian has developed very well, but its industrial pollution has also been serious year by year.
Industrial pollution investment in Fujian Province mainly includes three sources of investment,
namely, national budget funds, special funds for environmental protection, and other funds. Other funds
include domestic loans, the use of foreign capital,
and self-raised enterprises [10-13]. Table 2 shows
the statistical results of the main investment sources
of industrial pollution control in Fujian Province
from 2012 to 2019.
From the statistical results in Table 2, it can be
seen that from 2012 to 2019, the sources of investment in industrial pollution control in Fujian Province did not change much. Among these sources of
investment, self-raised investment accounted for the
largest proportion of total investment, and foreign investment was used. The proportion of sources is the
smallest. Starting in 2016, Fujian Province does not
need funds from foreign companies to adjust, indicating that the rise of smart technology provides favorable conditions for the improvement of industrial
pollution problems.

(1) Selection of evaluation indicators. Based
on the theoretical support of the relevant literature
and the survey data of Fujian Province, combined
with the statistical data of industrial pollution, the
following 6 most relevant indicators that affect the
investment in industrial pollution control are obtained. The indicators are divided into input indicators and output indicators. Input indicators include
industrial operating costs (G1), industrial pollution
control facility costs (G2), smart technology input
costs (G3), and output indicators include economic
benefits (H1) and environmental benefits (H2) [1718], the indicators and their symbols are integrated.
As shown in the table, the impact of different indicators is measured according to the specific impact indicators set. The evaluation of industrial pollution
control investment indicators is shown in Table 3.
The relevant explanations of the above indicators are as follows:
(1) Industrial operating cost (G1) refers to the
investment cost of the industry in order to maintain
the operation of the basic facilities used for industrial
pollution control in the region within one year. Generally, G1 includes the cost of energy consumption,
pollution control facility maintenance, and pollution
control practitioners in the year. However, the industrial operation cost does not include the depreciation
cost of pollution control equipment in the year [19].
(2) The cost of industrial pollution control facilities (G2) is defined as the investment cost of
newly constructed or expanded industrial pollution
control facilities in the area during the year.
(3) Smart technology investment cost (G3) is
the cost of achieving the intelligent and technological effects of industrial pollution control through the
Internet or other new technological means in the
smart city environment.
(4) Economic benefit (H1) is the economic income obtained through industrial pollution control.
This indicator can be calculated using the following
formula [20]:
(1)
H 1n P  Q

The impact assessment model of smart technology on industrial regional pollution control investment. The factors that affect industrial pollution
control investment are not unique. In order to
achieve the comprehensive effect of industrial pollution control investment analysis, it is necessary to select reasonable analysis indicators and build a reasonable measurement model [14-16]. The above theoretical analysis and data statistics have proved that
there is a contradiction between the economy and the
environment. Smart technology includes smart cities,
smart transportation, smart environment, and smart
economy. In the context of the investment of smart
technology, we select evaluation indicators, use Data
Envelopment Analysis (DEA) to analyze the impact
of smart technology on industrial regional pollution
control investment, and finally use the actual data of
Fujian Province to conduct the empirical research on
it.

In the formula, H 1n represents the economic
income that the n province obtains again after the
treatment of industrial pollution, P is the amount of

TABLE 3
Evaluation of investment indicators for industrial pollution control
Categories
Indicators
Symbol
Industrial operating costs
G1
Industrial pollution control faG2
Input indicators
cility costs
Smart technology input costs
G3
Economic benefits
H1
Output indicators
Environmental benefits
H2
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industrial resources that the province can reuse after
the treatment of industrial pollution, and Q is the
unit price of the amount of industrial resources that
the province can reuse after the treatment of industrial pollution.
(5) The amount of environmental benefits (H2)
depends on the public's willingness to pay [21-23].
Take industrial wastewater pollution in industrial
pollution as an example to define and explain this indicator. At present, the industrial pollution in China
is counted through measurement, and pollutants are
collected. The current industrial pollution collection
standard is 0.7 yuan for each pollutant equivalent.
Different industrial pollutants have different degrees
of environmental pollution, so the pollution equivalent value is also different. For example, the equivalent value of ammonia nitrogen is calculated according to 0.8kg, and the pollution equivalent value of
phosphorus is 0.25kg. These two kinds of pollution
rank the top two in industrial wastewater discharge
pollution. Then the environmental benefit calculation formula of pollutant treatment [24] is:

H 2n
a
b

model that takes multiple types of indicators as input,
multiple output decision units as output, and considers the impact of multiple time points. Multiple investment indicators at different time points and the
investment decision-making unit form a three-dimensional data network, forming a three-dimensional dynamic DEA model, as shown in Figure 1.

FIGURE 1
Schematic diagram of the components of the dynamic DEA model.
It is assumed that there are a total of i regions
in Fujian Province as the decision-making unit for
this study, and the investment amount of each decision-making unit in regional industrial pollution control is R ( R1 , R2 ,..., Ri ) , the number of input indicators for this investment is m, and the number of
output indicators is n, then The output indicator vector corresponding to each input indicator is expressed as T (T1I , T2 I ,..., Tmn ) [27]. According to
the setting of the above conditions, the impact assessment model of smart technology based on dynamic DEA on industrial regional pollution control
investment is constructed.
Assuming that there are Q time points, a DEA
evaluation model is established at each time point,
that is, there are a total of Q evaluation models, set
at time point t, the input and output index is ( X tj , Ytj ) ,

0.7(a  b)

q1
0.8
q2
0.25

(2)
In the formula, H 2n represents the environmental benefits of pollutant treatment, a and b represent the equivalent number of two pollutants. And
respectively, q1 and q 2 represent the removal
amount of two pollutants.
(2) Dynamic DEA model construction. Based
on the evaluation indicators selected above, the data
inclusion law [25-26] (Data Envelopment Analysis,
DEA) is used to analyze the comprehensive impact
of smart technology on industrial regional pollution
control investment. Data Envelopment Method, or
DEA, is a new field of intersection research on operations research, management science and mathematical economics. Based on the input value of multiple
indicators and multiple output value indicators, combined with linear programming, the comparable
quantities of the same unit category can be effectively compared and evaluated. This method is
widely used because of its simple steps and reliable
results. However, the traditional DEA method cannot consider the impact of specific time points, resulting in insufficient input and output indicator data,
which affects the evaluation results. In this paper,
DEA is dynamically processed, and a dynamic DEA
evaluation model is constructed to improve this
problem.
The dynamic DEA evaluation model constructed in this paper can be defined as an evaluation

the decision evaluation value at this time point is D j ,
then the evaluation The model is:

max Dj GT Ytj
T

(3)
T

s.t. G X tj  G Ytj t 0, j 1, 2,..., i; t 1, 2,..., Q
(4)

GT X tj

1

(5)

G t 0, T t 0

(6)
After solving the model, the following industrial pollution control investment data are obtained:

v11 , v11 ,..., v1i
v21 , v22 ,..., v2i
......
vQ1 , vQ 2 ,..., vQi
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The model obtained by using the above steps
can input actual pollution control investment data to
realize relevant evaluation, but it is impossible to
evaluate virtual data. For this reason, assuming that
the virtual input-output index is ( Etj , Ftj ) , and the

The construction of the dynamic EDA model is
completed by the above steps. The model can be
used to compare the amount of investment in industrial pollution control in Fujian Province with or
without smart technology investment.

decision evaluation value at this time point is O j ,
RESULTS

the evaluation model is:
T

max Oj G Ftj

(8)

This study selects data from Fujian Province
from 2012 to 2019. All data are from the National
Bureau of Statistics and Fujian Provincial Bureau of
Statistics. The website is http://www.stats.gov.cn.
The overall statistics of the investment in industrial
pollution control in Fujian Province from 2012 to
2019 are made. The specific data are shown in Table
4.
In order to more intuitively see the fluctuation
of industrial pollution control investment in different
years, the data in Table 4 is plotted as Figure 2. The
specific comparison results are as follows Figure 2.

s.t. GT Etj  GT Ftj t 0, j 1, 2,..., i; t 1, 2,..., Q
(9)

GT Etj

1

(10)

G t 0, T t 0

(11)
After solving the model, the following industrial pollution control investment data are obtained:

c11 , c11 ,..., c1i
c21 , c22 ,..., c2i
......
cQ1 , cQ 2 ,..., cQi

(12)

TABLE 4
Statistics of investment in industrial pollution control in Fujian Province from 2012 to 2019
Total investIndustrial enEnvironmental
Total investIndustrial polment in indusvironmental
protection inment in induslution source
trial pollution
protection favestment in
trial pollution
treatment inYears
control accility investconstruction
control/100
vestment/100
counts for
ment/100 milprojects/100
million
million
GDP ratio/%
lion
million
2012
37
18
85
140
0.89
2013
41
18
91
150
0.88
2014
42
19
96
150
0.91
2015
35
14
75
124
0.72
2016
31
11
66
108
0.52
2017
20
8
63
91
0.51
2018
18
8
51
77
0.43
2019
16
6
43
65
0.36

The total amount of
investment/Hundred million

160
140
120
100

Environmental protection investment in
construction projects
Investment in industrial pollution control
Investment in industrial environmental
protection facilities

80
60
40
20
2012

2013

2014

2015
2016
Year

2017

2018

FIGURE 2
Comparison of total investment of different types.
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From Table 4 and Figure 2, we can see that the
total investment in industrial pollution control in Fujian Province gradually increased from 2012 to 2014,
and the total investment in industrial pollution control in Fujian Province showed a downward trend
from 2019 to 2019. Compared with 2015, the environmental protection investment of construction projects decreased by 2.4 billion, the investment in industrial pollution source treatment decreased by 800
million, and the investment in industrial environmental protection facilities decreased by 3.2 billion.
Fujian Province started to fully open the smart technology model in 2015, the data shows that investment in industrial pollution control under the smart
industry is gradually decreasing.
The statistical data is used as the input of the
model, and the comparison results of the investment
in industrial pollution control under the investment
of smart technology in Fujian Province from 2012 to
2019 are used as the output, as shown in Figure 3.

At the same time, we need to increase policy implementation efforts to ensure the efficiency of policy
implementation. For the current industrial environment in Fujian Province, the total pollution control
of the general environment still accounts for a large
proportion of GDP. Establishing a linkage mechanism between environmental pollution control investment and GDP is a better way to solve this problem and reduce industrial environmental pollution.
The coordination between investment and GDP in
the same period guarantees social and economic stability.
(2) The control of industrial pollution should
pay attention to local conditions. The machinery
manufacturing industry, clothing industry and electronic information industry in Fujian Province account for a larger proportion of the development.
The development focus of different regions is different. Therefore, in view of the characteristics of industrial development in Fujian Province, the balance
of economic development is the primary task to control the investment in industrial pollution control, adjust the investment structure of environmental pollution control, and formulate reasonable environmental pollution control invest in the proportion of each
use direction to maximize the efficiency of environmental protection investment.

CONCLUSIONS
(1) In the construction of human ecological civilization, industrial pollution control is a key link in
the process. Due to certain shortcomings in the economic development model in China, problems such
as high resource consumption, large pollution levels
and small output have occurred. The environmental
pollution problem has not been well resolved.
(2) This article uses the improved DEA model
as a technical means, taking Fujian Province as an
example, to empirically study the impact of smart
technology on industrial regional pollution control
investment. The virtual point-in-time method is used
to improve the traditional DEA model and effectively improve the evaluation accuracy of the DEA
evaluation model.
(3) Taking the real data of industrial pollution
control investment in Fujian Province from 2012 to
2019 as an empirical research sample, we analyze
the change trend of industrial pollution control investment in Fujian Province under the investment of
smart technology in 2015.
(4) The empirical research results show that
since 2015, the investment in industrial pollution
control in the region has been decreasing year by
year. In 2019, its total investment in industrial pollution control has been reduced to 6.5 billion. In just
four years, smart technology has effectively improved the problem of excessive investment in in-

FIGURE 3
Comparison of pollution control investment with
and without smart technology investment.
According to the empirical results in Figure 3,
in 2015, Fujian Province began to invest in smart
technology and focus on smart construction. Compared with before 2014, the total amount of pollution
control has decreased year by year. The total investment in industrial pollution control in 2015 was 2.6
billion less than that in 2014, and the total investment
in industrial pollution control fell to 6.5 billion in
2019. The empirical analysis results of the above
data show that smart technology has a great impact
on investment in industrial regional pollution control.
Although the investment of smart technology
has effectively reduced the investment in industrial
pollution control, the cost of pollution control is still
relatively high. This section proposes the following
suggestions for further improvement of environmental pollution control investment:
(1) The investment plan for industrial pollution
control needs to be further improved. We need to determine the scale and allocation method of the annual
industrial environmental pollution investment indicators, and effectively adjust the planning method.
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dustrial pollution control. This study verifies the important role of smart technology in social and economic development.
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core domestic waste treatment, since 2010, the
amount of domestic waste removal and transportation in China has been increasing year by year. In
2019, the domestic waste production of 337 first to
fifth-tier cities across the country reached about 343
million tons. It is expected that the production volume of the municipal waste in 2020 could reach 360
million tons. In this paper, the disposal of domestic
waste is of vital importance. At present, there are
four main methods of garbage disposal, namely, burying, incineration, recycling and composting [2].
Among them, incineration is the most common
method. The waste will not occupy space after this
treatment, and the cost is the cheapest. However, this
treatment method has a serious disadvantage, that is,
a large amount of incineration flue gas will be generated. This flue gas contains a lot of acidic substances, such as sulfur dioxide (SO2), hydrofluoric
acid (HF), hydrogen chloride (HCl), etc., all of
which have a strong pungent odor and extremely corrosive [3]. Once the incineration flue gas containing
these acidic substances is discharged into the atmosphere, it will cause serious air pollution and have a
huge impact on the activities of the surrounding residents. Therefore, when the garbage is incinerated in
the garbage treatment plant, the flue gas produced
needs to be processed and reaches the standard before being discharged into the air.
There are currently three main methods for the
treatment of incineration flue gas, namely dry, semidry and wet. The semi-dry method is the most effective of the three treatment methods, and the removal
rate of acidic pollutants can reach more than 95%.
However, this method of lime slurry preparation system is more complicated, and the cost is also higher,
so people want to find a new substance to replace
lime and contact with acid gas [4]. As the research
progresses, the research shows that the molecular
structure of baking soda is similar to that of lime, and
it is inferred that the functions should be similar.
Based on this research, scholars began to try to contact it with acidic gas, and found that the two chemically neutralized the reaction to produce harmless
neutral salt, which

ABSTRACT
The flue gas generated after incineration of garbage contains a large amount of acidic substances. If
not effectively treated, it will cause serious pollution
to the surrounding environment. Traditional garbage
deacidification methods mostly use lime as the adsorption material, but due to the complex preparation
of lime and the high cost, the application effect of the
traditional method is not ideal. In view of the above
problems, this article studies the application effect of
baking soda in flue gas deacidification, in order to
replace lime for flue gas purification to achieve the
purpose of reducing flue gas treatment costs while
keeping deacidification effects. The results show
that: 1) Under the conditions of 1500 mesh of baking
soda, 160 kg/h of baking soda, flue gas temperature
of 130°C, flue gas flow rate of 3600 Nm3/h, and water spray rate of 1.0t/h, the effect the baking soda of
deacidification is the best; 2) Under the same conditions, the deacidification effect of baking soda is
roughly the same as that of lime, and both meet the
GB18485-2001 flue gas emission standard. Therefore, baking soda can be used to replace lime in flue
gas purification. This research has important economic and environmental value in reducing the cost
of waste treatment plants and improving the efficiency of waste treatment.

KEYWORDS:
Flue gas pollution, baking soda method, lime method, deacidification effect

INTRODUCTION
The continuous acceleration of the development of urban-rural integration has led to a gradual
increase in the urban population. As a result, living
habits and living environments have undergone major changes. The accumulation of domestic waste has
put a lot of pressure on the urban natural environment, which has become a key issue in urban construction [1]. According to the analysis data of the
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TABLE 1
Experimental materials
Name
1)Incineration flue gas
2)Sodium hydroxide
3)Potassium chromate
4)Calcium hydroxide
5)Sodium bicarbonate
6) Phenolphthalein
7) Nitric acid
8)Sodium chloride
9) Silver nitrate
10)Ammonium sulfamate
11)Ammonium sulfate
12)EDTA disodium salt
13)Soluble starch
14) Isopropanol
15)Potassium iodate
16)Concentrated hydrochloric acid
17)Sodium thiosulfate
18)Potassium iodide
19) Iodine
20)Distilled water
21)NaHCO3 powder
22)Lime powder
230)Activated carbon

Purity
Application object
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Market purchase
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Analytically pure
Market purchase
Analytically pure
Analytically pure
Analytically pure
Market purchase
1500/ 500/ 100-finished product
1500/ 500/ 100-finished product
finished product

Manufacturer
Sampling results
National Pharmaceutical Group Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
National Pharmaceutical Group Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
——
National Pharmaceutical Group Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
——
Tianjin kemeo Chemical Reagent Co., Ltd
Tianjin kemeo Chemical Reagent Co.
Tianjin kemeo Chemical Reagent Co.
——
Tianjin Jiangtian Chemical Technology Co., Ltd
Tianjin kemeo Chemical Reagent Co., Ltd
Huajing Activated Carbon Co., Ltd

played a certain role in purification. However,
MATERIALS AND METHODS
whether baking soda can completely replace lime
and complete the deacidification treatment of incinExperimental materials. The experiment maeration flue gas remains to be further studied.
terials are shown in Table 1.
For this reason, this paper conducts a test study
on the application effect of baking soda deacidificaExperimental equipment. The experimental
tion under incineration flue gas pollution, in order to
equipment are listed in Table 2.
provide a reliable reference for the treatment of incineration flue gas pollution.
TABLE 2
Experimental equipment
Equipment
Digital display constant temperature water bath
Mechanical agitator
Electronic balance
Rotary evaporator

Model

Manufacturer

SB-1200

Tokyo physical and Chemical Co., Ltd
IKA, Germany
IKA, Germany
Tokyo physical and Chemical Co., Ltd.

thermometer
Temperature and humidity meter
Atmospheric sampler

JB200ˉD
BS224S
N-1200B
Avance III
400MHz
ႏ
Testo625
GS-3

Glassware

——

HCl cylinder
SO2 cylinder
HF cylinder

——
——
——

High pressure vortex air pump

YX-75S-4

FT-IR

Spectrum One

Particulate matter detection

DL-520A

timer
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Bruker, Germany
Shanghai Changji Geological Instrument Co., Ltd
Shanghai Changji Geological Instrument Co., Ltd
Shanghai sampling instrument factory
Burette, suction bottle, volumetric flask, syringe,
pipette, funnel, conical flask
Jining Xieli Special Gas Co., Ltd
Jining Xieli Special Gas Co., Ltd
Jining Xieli Special Gas Co., Ltd
Jiangsu Quanfeng Environmental Protection
Technology Co., Ltd
PE (PerkinElmer) Company in USA
Shenzhen Haina Environmental Protection Technology Development Co., Ltd
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FIGURE 1
The structure of the test bench system.
Test bench system. The deacidification operation of baking soda method needs to be carried out
on an assembled test bench, which consists of adsorption feeding system, cooling tower, reaction
tower, return device, and online flue gas monitoring
device, as shown in Figure 1 [5].
The system is based on a fluidized-spouted bed.
The flue gas and the adsorption material are continuously contacted in the reaction tower through circulation, so that the harmful gases in the flue gas will
be neutralized and reacted to achieve the purification
effect [6]. The adsorption material selected in this
study is baking soda (sodium bicarbonate), and the
neutralization reaction formula is as follows:
(1)
2NaHCO3= Na2CO3+CO2+H2O
(2)
Na2CO3+SO2+1/2O2= Na2SO4+ CO2
(3)
Na2CO3+2HCl=2NaCl+ CO2+ H2O
The use of baking soda alone is a dry method,
and the efficiency of the dry method is reduced during deacidification, and the deacidification quality is
also poor. Therefore, a water spray device is added
in the reaction tower to make the dry method semidry Method [7]. This reduces the temperature of the
flue gas during the reaction process, thereby improving the deacidification efficiency.

by the cooling tower before it can enter the reaction
tower for neutralization reaction.
(2) Reaction tower. The reaction tower is the
most critical step for flue gas purification. The specific deacidification process is as follows:
Step 1: After the flue gas is processed by the
cooling tower, it enters the reaction chamber of the
reaction tower through the air distribution device and
the nozzle. At the same time, the remaining baking
soda material generated in the last round of action
enters the reaction chamber again through the return
device [9].
Step 2: The pre-prepared baking soda pulp and
water are sprayed out through a two-fluid physicochemical nozzle to form atomized water, which neutralizes the flue gas again, and at the same time, activated carbon is sprayed out of the flue gas from the
flue gas outlet. The heavy metals and dioxins are adsorbed [10].
Step 3: A part of the generated ash settles to the
cone bottom of the reaction tower for collection, and
then enters the ash transportation and processing system. The other part enters the return device along
with the processed flue gas. In the return device, a
dust collector is used to separate the flue gas, fly ash,
and large-particle baking soda solid substances, and
the separated baking soda substance is transported to
the reaction chamber again to avoid waste of baking
soda [11]. The separated fly ash enters the ash transportation and treatment system.

(1) Cooling tower. The function of the smoke
cooling tower is to reduce the temperature of the flue
gas, and its composition generally includes brackets
and towers, fan motors, water baffles, connecting
pipes, rotating water distributors, fillers, blinds
(nets), water trays, etc [8]. The polluted flue gas
formed by incineration has its own high problem at
WKHEHJLQQLQJDQGLWFDQJHQHUDOO\UHDFKaႏ
This temperature range does not meet the temperature requirements for deacidification (the temperature requirement for deacidification is generally
about ႏ 7KXVWKHIOXHJDVQHHGVWREHFRROHG

(3) Return device. The material return device
is mainly composed of two parts, namely the dust
collector and the conveying device. The former uses
filtration to separate dust particles and baking soda
in the flue gas, and the latter stably returns the separated baking soda to the reaction chamber [12].
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e is the mass of acidic substances in the gas before
deacidification.

The dust collector mainly includes five processes, which are analyzed in detail below.
Step 1: Passing the mixture of flue gas, fly ash,
and large particles of baking soda through the filter
bag. At this time, the large particles of baking soda
will be captured, and the flue gas and small particles
of dust particles will pass through [13].
Step 2: Utilizing the effect of inertia, dust particles larger than 1 micron will directly rush to the
filter bag with a smaller gap as the gas maintains a
linear motion state [14].
Step 3: Use diffusion to capture dust particles
smaller than 0.5 microns [15].
Step 4: Using static electricity to capture dust
particles smaller than 0.2 microns [16].
Step 5: Using gravity to collect the captured
dust [17].

2) Particulate matter detector. The Fourier
transform infrared spectrometer only has an effect on
the gaseous substances in the flue gas, but the flue
gas also contains a certain amount of dust. For these
particles, a particle detector is required to measure
[20-21]. The basic principle is to use the proportional
relationship between scattered light intensity and
mass concentration to determine.
Experimental parameter settings. (1) Initial
parameters of substances in flue gas. Sulfur dioxide (SO2): 400.6 mg/m3; Hydrofluoric acid (HF): 5.3
mg/m3; Hydrogen chloride (HCl): 155.3 mg/m3; Nitrogen oxide (NOx): 551.7 mg/m3; Carbon monoxide (CO): 225.2 mg/m3; dust: 150.6 mg/m3. The
overall mass of the above six flue gas pollutants is
1488.7 mg/m3.

(4) Online flue gas monitoring device. In order to test the purification effect of baking soda on
flue gas, it is necessary to use the flue gas online
monitoring device to measure the concentration.
Here, a Fourier transform infrared spectrometer is
used to identify and measure the gas substance in the
flue gas, and then compare the measurement result
with the gas substance concentration before deacidification and the national pollutant emission limit. Finally, following the same process as above, we replace the baking soda with lime powder, carry out
the deacidification operation again, and then measure the flue gas substance concentration with the
Fourier transform infrared spectrometer again, and
use the obtained result as a comparison item to compare with the deacidification quality of baking soda
[18].

(2) Flue gas pollution standards. GB184852001: Sulfur dioxide (SO2): 260 mg/m3; Hydrofluoric acid (HF): - mg/m3; Hydrogen chloride (HCl):
75 mg/m3; Nitrogen oxide (NOx): 400 mg/m3; Carbon monoxide (CO): 150 mg/m3; dust: 80 mg/m3.
The overall standard mass of the above six flue gas
pollutants is 965 mg/m3.
(3) Working condition parameters. Working
condition 1: Difference conditions: the particle size
of baking soda is 1500 mesh, 500 mesh, 100 mesh;
The same conditions: the flue gas flow rate is 40000
Nm3/h, the water spray rate is 0.8t/h, the flue gas
WHPSHUDWXUHLVႏDQGWKHEDNLQJVRGDIHHGUDWH
is 160kg/h.
Working condition 2: Difference conditions:
baking soda feed rate is 100 kg/h~200 kg/h;
The same conditions: when the flue gas flow
rate is 40000 Nm3/h, the water spray rate is 0.8t/h,
WKH IOXH JDV WHPSHUDWXUH LV ႏ DQG WKH EDNLQJ
soda particle size is 1500 mesh.
Working condition 3: Difference conditions:
the flue gas temperature is 100~ႏ
The same conditions: the flue gas flow rate is
40000 Nm3/h, the water spray rate is 0.8t/h, the baking soda particle size is 1500 mesh, and the baking
soda feed rate is 160 kg/h.
Working condition 4: Difference conditions:
the flue gas flow rate is 30000 Nm3/h~45000 Nm3/h.
The same conditions: the flue gas temperature
is 130°C, the water spray rate is 0.8t/h, the baking
soda particle size is 1500 mesh, and the baking soda
feed rate is 160 kg/h.
Working condition 5: Difference conditions:
the spray water volume is 0.1~1.5 t/h;
The same conditions: the flue gas flow rate is
40,000Nm3/h, the flue gas temperature is 130°C, the
baking soda particle size is 1500 mesh, and the baking soda feed rate is 160 kg/h.

1) Fourier transform infrared spectrometer.
Fourier transform infrared spectrometer is mainly
composed of light source (silicon carbide rod, highpressure mercury lamp), interferometer, detector,
computer and recording system. The basic principle
is as follows: after infrared light is modulated by rotating mirror interferometer to form interference infrared light, it enters the sample cell and is absorbed
by the chemical components in the flue gas [19]. Different gas substances absorb infrared light in different degrees, so different substances can be distinguished and the concentration can be determined.
Quantitative calculation of acidic substances in
flue gas:

Y

a b c
2d  e

(4)
In formula (1), Y is the content of acidic substances in the flue gas; a is the peak area value of
the spectrum; b is the intercept of the external
standard working curve; c is the amount of adsorbent material; 2 LVWKHLQMHFWLRQYROXPHLVȝ/ d
is the slope of the external standard working curve;
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Analysis of the application effect of sodium
bicarbonate deacidification under working condition 2. It can be seen from Table 3 that with the
increase in the amount of baking soda feed, the overall quality of flue gas pollutants is gradually decreasing, indicating that the more baking soda feed, the
better the flue gas deacidification purification effect.
However, considering the cost issue, it can be seen
from the table that when the baking soda feed rate is
increased to 160 kg/h, the overall quality of flue gas
pollutants has already met the GB18485-2001 flue
gas pollution emission standard, and the baking soda
feed After the amount exceeds 160 mg/m3, the deacidification efficiency of baking soda on the flue gas
gradually decreases, and it is not as fast as the previous pollutant quality purification. Summarizing the
above analysis: when baking soda is deacidified, the
optimum dosage is 160 kg/h.

RESULTS
Application effect analysis of sodium bicarbonate deacidification under working condition 1.
It can be seen from Figure 2: (1) The general trend
of the deacidification reaction process of three different particle sizes of baking soda is the same. The
reason for the peak in the middle of time is because
the baking soda is gradually consumed as the reaction process progresses; (2) The deacidification effect of 100 mesh and 500 mesh baking soda is
roughly the same, while the deacidification effect of
1500 mesh baking soda is better than the former two
meshes. It can be inferred from this that the smaller
the particle size of the baking soda, the better the deacidification effect. The reason is that the smaller the
particle size of the baking soda, the larger the specific surface area, which makes the baking soda and
the acidic substances in the flue gas more fully neutralized.

FIGURE 2
Application effect of baking soda deacidification under working condition 1.
TABLE 3
Application effect of baking soda deacidification under working condition 2
Baking soda serving quantity
Total quality of flue gas pollutants
㸦kg/h㸧
㸦mg/m3㸧
100
1366.3
110
1255.2
120
1102.1
130
1012.6
140
963.1
150
950.7
160
946.3
170
940.4
180
935.6
190
933.7
200
925.7
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TABLE 4
Application effect of baking soda deacidification under working condition 3
The flue gas temperature㸦ႏ㸧
Total quality of flue gas pollutants㸦mg/m3㸧
100
558.3
110
663.5
120
777.8
130
810.3
140
848.6
150
886.7
160
934.5
170
950.3
180
1000.8
190
1008.2
200
1114.4
the flue gas flow rate shortens the reaction time of
the baking soda and the acidic substances in the flue
gas, and then the reaction is insufficient, resulting in
bad purification effect. It can be seen from the table
that theoretically the smaller the value of the flue gas
flow, the better, but at the same time, the decrease of
the flue gas flow will cause the efficiency of flue gas
deacidification to slow down. Considering the actual
situation, the flue gas flow rate should be controlled
between 3600 Nm3/h and 4200 Nm3/h.

Application effect analysis of sodium bicarbonate deacidification under working condition 3.
It can be seen from Table 4 that with the gradual increase in the temperature of the flue gas, after the
baking soda is purified, the overall quality of the flue
gas pollutants after purification is gradually increasing, indicating that the effect of deacidification is
getting worse and worse. It can be seen that the rise
of the temperature could reduce the purifying effect
of baking soda. The reason for the above phenomenon is that the increase of the temperature of the flue
gas could accelerate the evaporation rate of the
sprayed atomized water and shorten the contact reaction time of the baking soda and the flue gas,
which in turn leads to a poor deacidification effect.
Generally, the operating temperature of the dust colOHFWRULVDERXWaႏ%DVHGRQWKHDERYHWKH
EHVWIOXHJDVWHPSHUDWXUHVKRXOGEHႏ

Application effect analysis of sodium bicarbonate deacidification under working condition 5.
It can be seen from Figure 3 that with the gradual
increase in the amount of sprayed water, after the
baking soda is deacidified, the flue gas contains less
acidic pollutants. There are two reasons for this: one
is the increase in the amount of spray water, which
is the increase in the humidity of the flue gas. The
other is because the increase in the amount of water
spray reduces the temperature of the flue gas. Under
the combined action of the two, the deacidification

Analysis of the application effect of baking
soda deacidification under working condition 4. It
can be seen from Table 5 that the gradual increase of

TABLE 5
Application effect of baking soda deacidification under working condition 4
Total quality of flue gas polluFlue gas flow˄Nm3/h˅
tants˄mg/m3˅
3000
682.3
3100
688.4
3200
692.2
3300
700.2
3400
712.0
3500
726.6
3600
752.3
3700
832.2
3800
888.9
3900
904.2
4000
932.5
4100
1010.5
4200
1023.5
4300
1118.0
4400
1264.7
4500
1323.2
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FIGURE 3
Application effect of baking soda deacidification under working condition 5.

Acid
SO2
HF
HCl
NOx
CO
Dust
Overall quality

TABLE 6
Comparison results (unit: mg/m3)
The result of deacidification of baking soda
256.3
0.2
50.2
286.3
124.7
58.4
776.1

The result of calcareous deacidification
250.4
0.3
55.2
277.3
123.8
60.2
767.2

effect of baking soda is enhanced. However, if the
spray volume is too large, the flue gas temperature
will be greatly reduced. If it is lower than the limit
of the inlet temperature of the dust collector
aႏ LWZLOODIIHFWWKHQRUPDORSHUDWLRQRI
the dust collector. Therefore, when the flue gas temperature reaches the inlet temperature of the dust collectRU aႏ WKHFRUUHVSRQGLQJVSUD\YROXPH
is the best spray volume. At this time, the range of
the best spray water volume is 0.8 t/h~1.0 t/h.

It can be seen from Table 6 that under the best
deacidification conditions, the application effect of
baking soda deacidification method in this paper is
not much different from that of lime application, and
both meet the GB18485-2001 flue gas emission
standard, but the baking soda preparation process is
more simple. Compared with the two, baking soda
can completely replace lime used in flue gas purification.

Comparative analysis. According to the research results of 3.1~3.5, the optimal deacidification
conditions for baking soda are set as follows: baking
soda particle size is 1500 mesh, flue gas flow rate is
3600 Nm3/h, water spray volume is 1.0t/h, flue gas
WHPSHUDWXUHLVႏDQGWKHVRGDIHHGUDWHLV
kg/h. Under the above-mentioned optimal conditions,
the baking soda method performs deacidification
again and the data is recorded. According to the literature [4], the best conditions for lime deacidification were obtained for deacidification treatment, and
the values were recorded. Finally, the three sets of
values are compared and analyzed. The results are
shown in Table 6 below.

CONCLUSIONS
The smaller the particle size of baking soda, the
better the deacidification effect. The deacidification
effect is best when the amount of baking soda is
about 160 kg/h. And flue gas temperature is around
ႏDQGEDNLQJVRGDKDVWKHEHVWGHDFLGLILFDWLRQ
effect. The flue gas flow rate is between 3600 Nm3/h
~4200 Nm3/h, and baking soda has the best deacidification effect. Baking soda has the best deacidification effect in the range of 0.8 t/h~1.0 t/h of water
spray. Under the same optimal conditions, the deacidification effect of baking soda is roughly the same
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as that of lime, so it can be used in flue gas purification. However, the deacidification effect of baking
soda in this study was verified under the optimal
conditions. The deacidification effect and adaptability of baking soda under different conditions have
not yet been confirmed, which is the main research
direction in the future.
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FDXVHKHDOWKFRPSOLFDWLRQVLQFOXGLQJDOOHUJLFUHVSLU
DWRU\DQGLQIHFWLRXVGLVHDVHV>@
$LUERUQH EDFWHULD DUH DVVRFLDWHG ZLWK KHDOWK
FRPSOLFDWLRQVVXFKDVUKLQLWLVEURQFKLWLVSKDU\QJL
WLV NHUDWLWLV FRQMXQFWLYLWLV DQG SQHXPRQLD >@
9DULRXVVWXGLHVKDYHVKRZQWKDWFRPPRQEDFWHULDO
VWUDLQV DUH DVVRFLDWHGZLWK FRQWDPLQDWLRQ LQ FORVHG
SXEOLFDUHDVVXFKDVVFKRROVPDUNHWVRIILFHVVKRS
SLQJFHQWHUVDQGPHWURVWDWLRQV)RUH[DPSOHPseudomonas stutzeri Francisella tularensis Ralstonia
mannitolilyticaStaphylococcus aureus, Sta. epidermidis, Sta. saprophyticusEscherichia. coli, Bacillus
VS Proteus mirabilis, DQG D IHZ Streptococcus
VWUDLQVKDYHEHHQLQGLYLGXDOO\LGHQWLILHGDQGDUHDV
VRFLDWHGZLWKLQFUHDVHGDQWLELRWLFUHVLVWDQFH>@
6NLQFRQWDFWUHVSLUDWRU\VHFUHWLRQVDQGERG\IOXLG
DUHDOOVRXUFHVRIDLUERUQHEDFWHULDFRPPRQO\IRXQG
LQSXEOLFDUHDV  $QWLELRWLFUHVLVWDQWEDFWHULD
DUHDJOREDOSXEOLFKHDOWKFRQFHUQDQGVWXG\LQJWKH
ZLGHVSUHDG GLVWULEXWLRQ DQG LPSDFW RI EDFWHULD LQ
WKHVH HQYLURQPHQWV LV EHFRPLQJ LQFUHDVLQJO\ LP
SRUWDQW>@
6WXGLHV VKRZ DQ LQFUHDVHG ULVN RI SDWKRJHQ
WUDQVPLVVLRQLQFORVHGHQYLURQPHQWVWKDWDUHFRQVLG
HUHG ³LQGRRU´ GXH WR WKH DFFXPXODWLRQ RI PLFURRU
JDQLVPV > @ %\ GHILQLWLRQ WKH WHUP ³LQGRRU´
UHIHUVWR³DQ\FORVHGRUVHPLFORVHGVSDFHLQEXLOG
LQJVXVHGE\WKHSXEOLFDQGDQ\PDVVWUDQVSRUWDWLRQ
VSDFHWKDWFDUULHVSDVVHQJHUV´>@2QO\DIHZFRXQ
WULHVKDYHUHSRUWHGWKHDLUERUQHPLFURRUJDQLVPSRS
XODWLRQVDIIHFWLQJWKHLQGRRUDLUTXDOLW\RIVXEZD\V
RU PHWUR V\VWHPV LQFOXGLQJ WKH 8QLWHG 6WDWHV

.(<:25'6
%DFWHULD+XPLGLW\0HWUR6WDWLRQV7HPSHUDWXUH$QWLPL
FURELDO



,1752'8&7,21

7KH RUJDQLF SDUWLFOHV LQ  RI ELRDHURVROV
FRQVLVWRIPLFURRUJDQLVPVHQGRWR[LQVPHWDEROLWHV
DQGRWKHUELRORJLFDOFRPSRQHQWVVXVSHQGHGLQWKHDLU
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8QLWHG.LQJGRP&KLQD-DSDQ.RUHD5XVVLD1RU
ZD\+XQJDU\DQG(J\SW>@
&XUUHQWO\ WKH FRXQWU\ RI 6DXGL $UDELD LV XQ
GHUJRLQJDVLJQLILFDQWWUDQVIRUPDWLRQE\LPSOHPHQW
LQJDPELWLRXVSURJUDPVWRUHIRUPLWVHFRQRP\DQG
VRFLHW\ &RQVHTXHQWO\ WKH FRXQWU\ KDV GHFLGHG WR
EXLOG D QHZ ZRUOGFODVV SXEOLF WUDQVSRUW QHWZRUN
WKDWFDWHUVWRWKHDWWHQGHHVRI3ULQFHVV1RXUDK%LQW
$EGXOUDKPDQ8QLYHUVLW\ 318 7KHXQLYHUVLW\KDV
RYHUVWXGHQWVDQGPRUHWKDQDFDGHPL
FLDQVDQGDGPLQLVWUDWLYHVWDII7KHUHLVOLPLWHGORFDO
LQIRUPDWLRQ DYDLODEOH UHJDUGLQJ DLUERUQH PLFURRU
JDQLVPVLQLQGRRUDLU>@,WLVWKHUHIRUHLPSHUDWLYH
WR LQYHVWLJDWH DLU TXDOLW\ LQ WKH SDVVHQJHU DUHDV RI
PHWURV\VWHPVDQGK\JLHQLFFRQGLWLRQVLQPHWURVWD
WLRQVVKRXOGEHFDUHIXOO\PDLQWDLQHG
$VWKHFRQWURORILQGRRUDLUSROOXWLRQLQWUDQVLW
V\VWHPVLVDQLPSRUWDQWSXEOLFKHDOWKDQGVDIHW\FRQ
FHUQZHSHUIRUPHGWKLVVWXG\WRDQDO\VHDQGUHSRUW
WKHSUHYDOHQFHRIEDFWHULDOSRSXODWLRQVLQWKHFORVHG
HQYLURQPHQWV\VWHPVLQ6DXGL$UDELD7KLVVWXG\LV
WKHILUVWWRDLPWRLGHQWLI\DLUERUQHEDFWHULDLQWKHHQ
YLURQPHQW RI318¶V PHWURVWDWLRQV DQG DVVHVV WKH
HIIHFWRIWHPSHUDWXUHDQGKXPLGLW\RQWKHDEXQGDQFH
RIPLFUREHV,QDGGLWLRQWKHVWXG\DLPVWRSURYLGHD
VFLHQWLILFEDVLVIRULQIRUPHGSROLF\GHFLVLRQVRQSXE
OLFKHDOWKDQGSRWHQWLDOO\LQIOXHQFHWKHFRQVWUXFWLRQ
GHVLJQRIIRUWKFRPLQJPHWURV\VWHPVWRHQVXUHSDV
VHQJHUVDIHW\DQGFRPIRUW7KHSROOXWDQWVLGHQWLILHG
LQWKLVVWXG\FDQDOVREHFRPSDUHGZLWKWKRVHIURP
RWKHU FRXQWULHV ZLWK PXFK ODUJHU SRSXODWLRQV LQ
PHWURVWDWLRQVZLWKDODUJHUDQJHRIDJHJURXSVDQG
GLYHUVHSRSXODWLRQV7KLVVWXG\ZLOODOVRKHOSLQWKH
HDUO\GHWHFWLRQRIDLUERUQHLOOQHVVHVWKDWSRVHDELR
ORJLFDOWKUHDWWRH[SRVHGLQGLYLGXDOVWKDWPD\RWKHU
ZLVHWDNHVHYHUDOGD\VWREHGLDJQRVHGDQGWUHDWHG
$Q HDUO\ ZDUQLQJ GHWHFWLRQ DQG UHVSRQVHVWUDWHJ\
PLJKWFRQWULEXWHWRUHGXFHGLQFLGHQFHRIVXFKFDVHV
DQGGHYLVHSUHFDXWLRQDU\PHDVXUHVWRPLQLPL]HWKH
SRWHQWLDO GDPDJH FDXVHG E\ FRUH LQGRRU FRQWDPL
QDQWVLQFOXGLQJEDFWHULD


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

WKH QXWULHQW DJDU PHGLD SODWHV 7KH DGYDQWDJH RI
JUDYLW\ PHGLDWHG PLFURELDO VHGLPHQWDWLRQ ZDV H[
SORLWHGZKLOHVDPSOLQJDVSUHYLRXVO\GHVFULEHG>@
'XUDWLRQ RI VDPSOLQJ H[SRVXUH ZDV  PLQ LQ WKH
PHWUR VWDWLRQ¶V DWPRVSKHUH 0LFURELDO VDPSOLQJ
WKURXJK VHGLPHQWDWLRQ LV UHODWLYHO\ OHVV H[SHQVLYH
VLPSOHVLJQLILFDQWQXPEHURIDLUERUQHPLFUREHVVHW
WOH HIILFLHQWO\ $IWHU H[SRVXUH WR DLU VHWWOH SODWHV
ZHUH FDUHIXOO\ FORVHG ZLWKRXW WRXFKLQJ WKH PHGLD
VXUIDFH7HPSHUDWXUHVDQGKXPLGLW\ZHUHPHDVXUHG
DWGLIIHUHQWWLPHVRQWKHWHVWLQJGD\V6DPSOLQJZDV
SHUIRUPHG DW WZR GLIIHUHQW WLPH SRLQWV PRUQLQJ
VDPSOLQJ EHWZHHQ  $0 DQG DIWHUQRRQ
VDPSOLQJEHWZHHQ30
)RUDLUEDFWHULDOFXOWLYDWLRQWKUHHFXOWXUHPHGLD
ZHUH XVHG QXWULHQW DJDU  :DWLQ±%LROLIH 
EORRG DJDU  :DWLQ±%LROLIH  DQG FKRFRODWH
DJDU :DWLQ±%LROLIH 8QH[SRVHGFRQWUROPH
GLDSODWHVZHUHDOVRUXQLQSDUDOOHO$OOWKHEDFWHULDO
SODWHVFRQWDLQLQJWKHGLIIHUHQWPHGLDZHUHLQFXEDWHG
DW & IRU  K )ROORZLQJ LQFXEDWLRQ D PHDQ
QXPEHURIFRORQLHVZDVFDOFXODWHGDQGH[SUHVVHGDV
FRORQ\IRUPLQJXQLWV &)8 IRUHDFKVWDWLRQ

0DFURVFRSLFDQG0LFURVFRSLF([DPLQDWLRQ
^DPSOH FRORQLHV ZHUH VXEFXOWXUHG WR QHZ FXOWXUH
SODWHVDQGSXULILHGIRUIXUWKHULGHQWLILFDWLRQ3UHOLP
LQDU\LGHQWLILFDWLRQDQGFRXQWLQJRIVLPLODUFRORQLHV
ZHUH SHUIRUPHG DIWHU  K RI LQFXEDWLRQ 7KH LVR
ODWHGEDFWHULDZHUHXVHGIRUGLUHFWLGHQWLILFDWLRQDQG
VXVFHSWLELOLW\WHVWLQJ

9,7(.  ,GHQWLILFDWLRQ 6\VWHP 8VLQJ WKH
9,7(.  DXWRPDWHG V\VWHP HDFK EDFWHULDO LVRODWH
ZDVLGHQWLILHGDQGFKHFNHGIRUDQWLELRWLFVXVFHSWLELO
LW\E\XVLQJWKH9,7(.LGHQWLILFDWLRQ ,' DQG9,
7(.  DQWLPLFURELDO VXVFHSWLELOLW\ WHVWLQJ $67 
FDUGVUHVSHFWLYHO\IROORZLQJWKHPDQXIDFWXUHU¶VLQ
VWUXFWLRQV %LRPHULHX[ 9,7(.*1,'FDUGVZHUH
XVHGIRUWKHLGHQWLILFDWLRQRIIHUPHQWLQJDQGQRQIHU
PHQWLQJ*UDPQHJDWLYHEDFLOOL)RULGHQWLILFDWLRQRI
*UDPSRVLWLYH EDFWHULD 9,7(. *3 ,' FDUGV ZHUH
XVHG)UHVKEDFWHULDOFHOOVZHUHVXVSHQGHGLQPO
RIDVRGLXPFKORULGHVROXWLRQ7KHVXVSHQVLRQ
XVHGLQWKH9,7(.V\VWHPZDVWKHQDGMXVWHGWRD
0F)DUODQG VWDQGDUG RI  XVLQJ 'HQVLFKHFN %L
RPHULHX[ $OOGLVFRUGDQWVDPSOHVZHUHUHWHVWHGDQG
LGHQWLW\ZDVFRQILUPHGXVLQJWKH651$JHQHVH
TXHQFLQJPHWKRG

0ROHFXODU ,GHQWLILFDWLRQ 7KH WHPSODWH IRU
SRO\PHUDVH FKDLQ UHDFWLRQ 3&5  ZDV SUHSDUHG E\
XVLQJ WKH JHQRPLF '1$ H[WUDFWHG XVLQJ WKH 0LOOL
SRUH H[WUDFWLRQ NLW 3DUWLDO 6 U51$ JHQH VH
TXHQFHV ZHUH DPSOLILHG XVLQJ WKH SULPHUV ) ƍ
**$77$*$7$&&&7**7$  ƍ DQG 5 ƍ
&&*7&$$77&07775$*777 ƍ


6WXG\6LWH7KHVWXG\ZDVSHUIRUPHGLQ5L\DGK
DW
318
PHWUR
VWDWLRQV
ƍƎ1
ƍƎ(  1 (  EHWZHHQ -DQXDU\
DQG6HSWHPEHU7KHZHDWKHULQ5L\DGKLVUHOD
WLYHO\KRWDQGGU\'D\WHPSHUDWXUHQRUPDOO\UDQJHV
EHWZHHQ  DQG & LQ WKH VXPPHU DQG  DQG
&LQWKHZLQWHU7RDVVHVVWKHEDFWHULDOSRSXOD
WLRQLQGLIIHUHQWVHWWLQJVGLVVLPLODUPHWURVWDWLRQV
$$$$$$$$$$))
6 ZHUHVHOHFWHG

6DPSOH &ROOHFWLRQ DQG ,VRODWLRQ $LUERUQH
EDFWHULDOVDPSOLQJZDVSHUIRUPHGIRUWKUHHGD\VLQ
WKUHHVHOHFWHGPRQWKVGXULQJGLIIHUHQWVHDVRQV VXP
PHUVSULQJDQGZLQWHU 6DPSOLQJZDVGRQHXVLQJ
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7$%/(
/LVWRI%DFWHULDO,VRODWHVIURP&ROOHFWLRQ6LWHVRI0HWUR6WDWLRQVRI318

7RWDO&RXQW
7RWDO
)UHTXHQF\
)UHTXHQF\



Uncultured Carnobacteriaceae bacte




Bacillus pumilus




Granulicatella elegans




Staphylococcus hominis subsp. hominis




Globicatella sulfidifaciens




Kocuria rosea




Kocuria turfanensis




Kocuria sediminis




Neisseria animaloris / zoodegmatis




Dermacoccus nishinomiyaensis / Kyto



Staphylococcus equorum




Staphylococcus epidermidis




Streptomyces VS




Uncultured bacterium




Enterococcus VS




Erysipelothrix rhusiopathiae




Granulicatella adiacens




Planomicrobium glaciei




Micrococcus VS




Alcaligenes VS




BacillusVS.




Staphylococcus haemolyticus




Staphylococcus warneri




Uncultured Planomicrobium sp.




Acinetobacter baumannii




Brevibacterium casei




Brevibacterium VS




Brucella melitensis




Corynebacterium VS




Enhydrobacter VS




Enterococcus faecium




Kocuria Kristinae




Microbacterium imperiale




MicrobacteriumVS




Micrococcus luteus




Moraxella osloensis




Paenibacillus lautus strain




Pseudomonas fluorescens




Pseudomonas stutzeri




Staphylococcus aureus




Staphylococcus saprophyticus




Staphylococcus VS




Streptococcus pluranimalium




Terribacillus VS.




Uncultured bacterium clone




Uncultured compost bacterium




Uncultured Pontibacter VS




Uncultured proteobacterium




Unidentified organism


7RWDOFRXQWVDPSOH

1RRIJHQHUDVDPSOH 

1RRIVSHFLHVVDPSOH 
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(DFK3&5UHDFWLRQZDVSHUIRUPHGLQȝ/UH
DFWLRQ YROXPHV FRQVLVWLQJ RI  ȝ/ RI ; 3&5
EXIIHU .20$%,27(&+ ȝ/RIP0G173
PL[ .20$%,27(&+ ȝ/HDFKRISPROSUL
PHUȝ/RIQJȝ/RIWKHWHPSODWHDQGXQLW
RI.20$7DT'1$SRO\PHUDVH7KHFRQGLWLRQVIRU
3&5 ZHUH DV IROORZV LQLWLDO GHQDWXUDWLRQ DW &
IRUPLQIROORZHGE\F\FOHVRIGHQDWXUDWLRQDW
&IRUPLQ&DQQHDOLQJWHPSHUDWXUHVSH
FLILFWRHDFKSULPHUIRUPLQDQGH[WHQVLRQDW&
IRUPLQZLWKILQDOH[WHQVLRQDW&IRUPLQ
7KH3&5SURGXFWVZHUHILQDOO\VWRUHGDW&'1$
DPSOLILFDWLRQZDVSHUIRUPHGXVLQJDWKHUPDOF\FOHU
7(&+1( 0RGHO 5HIHUHQFH 7&  )RU 3&5
SURGXFW SXULILFDWLRQ XQLQFRUSRUDWHG 3&5 SULPHUV
DQG G173V ZHUH UHPRYHG E\ XVLQJ WKH 0RQWDJH
3&5FOHDQNLW 0LOOLSRUH DFFRUGLQJWRWKHPDQXIDF
WXUHU¶VLQVWUXFWLRQV
$OOSRVLWLYHSXULILHG3&5SURGXFWVZHUHYHUL
ILHGE\DJDURVHJHOHOHFWURSKRUHVLVDQGWKHLUPR
OHFXODU VL]HV ZHUH GHWHUPLQHG 7KH SXULILHG 3&5
SURGXFWVZHUHVHQWIRUVHTXHQFLQJWR0DFURJHQ,QF
6HRXO.RUHD6HTXHQFLQJZHUHSHUIRUPHGE\XVLQJ
WKH %LJ '\H WHUPLQDWRU F\FOH VHTXHQFLQJ NLW Y
$SSOLHG %LR6\VWHPV 86$  6HTXHQFLQJ SURGXFWV
ZHUHUHDGRQDQ$SSOLHG%LRV\VWHPVPRGHO;/
DXWRPDWHG '1$ VHTXHQFLQJ V\VWHP $SSOLHG %LR
6\VWHPV86$ 

YHUVLRQ 6366,QF,%0$UPRQN1HZ<RUN
86$ 5HVXOWVDUHSUHVHQWHGDVQXPEHUVDQGSHUFHQW
DJHV RI IUHTXHQF\ GLVWULEXWLRQ DQG DV PHDQ DQG
VWDQGDUG GHYLDWLRQ IRU FRQWLQXRXV YDULDEOHV $ S
YDOXH RI  ZDV FRQVLGHUHG VWDWLVWLFDOO\ VLJQLIL
FDQW


5(68/76
%DFWHULDO,VRODWHV$WRWDORIWRWDOEDFWHULDO
FRXQWVSHUVDPSOHZHUHLVRODWHGIURPWKHFROOHF
WLRQVLWHV7KHUHZHUHEDFWHULDOVSHFLHVEHORQJLQJ
WRJHQHUD8QFXOWXUHG&DUQREDFWHULDFHDHKDGWKH
KLJKHVWWRWDOFRXQWRI  SHUVDPSOHIROORZHG
E\ 1HLVVHULD DQLPDORULV  ]RRGHJPDWLV ZLWK 
  DQG %DFLOOXV SXPLOXV DQG 0LFURFRVVXV OX
WHXVZLWKDWRWDORIFRXQWVHDFK  8QFXOWXUHG
&DUQREDFWHULDFHDHZDVLVRODWHGIURPRIWKHFRO
OHFWLRQVLWHV  IROORZHGE\%DFLOOXVSXPLOXV
*UDQXOLFDWHOOD HOHJDQV 6WDSK\ORFRFFXV KRPLQLV
VXEVS KRPLQLV *ORELFDWHOOD VXOGLIDFLHQV .RFXULD
URVHD .RFXULD WXUIDQHQVLV DQG .RFXULD VHGLPLQLV
ZLWKRIVLWHVHDFK  6WDSK\ORFRFFXVZDV
WKH PRVW IUHTXHQWO\ LVRODWHG JHQXV Q   RI 
 FRQVWLWXWLQJVSHFLHV 7DEOH 
%DFWHULDO*URZWK3DWWHUQVRQ'LIIHUHQW&RO
OHFWLRQ'DWHV%DVHGRQ7HPSHUDWXUHDQG+XPLG
LW\ 7DEOH  VKRZV WKH JURZWK SDWWHUQV RI LVRODWHG
EDFWHULDOJHQHUDDQGVSHFLHVRQGLIIHUHQWFROOHFWLRQ
GDWHVEDVHGRQWHPSHUDWXUHDQGKXPLGLW\7KHUHZDV
DVLJQLILFDQWGLIIHUHQFHLQWKHPHDQQXPEHURIFROR
QLHVLVRODWHGEHWZHHQWKHGLIIHUHQWWLPHSRLQWVIURP
WKHILUVWFROOHFWLRQSRLQW -DQXDU\ WRWKHODVWFRO
OHFWLRQSRLQW 6HSWHPEHU  S 7KHKLJKHVW
UHFRUGHGPHDQQXPEHURIEDFWHULDOFRORQLDOJURZWK
RFFXUUHGLQHQYLURQPHQWVZLWKKLJKHUKXPLGLW\OHY
HOVRIDQG -DQXDU\DQG0DUFK LQ
FRQWUDVWWRWKHYHU\ORZQXPEHURIPHDQFRORQLHVRI
FRORQLHVRQWKHORZKXPLGLW\  6HS
WHPEHUFROOHFWLRQGDWH2QWKHRWKHUKDQGDKLJK
WHPSHUDWXUHRI&SURGXFHGRQO\FRO
RQLHV RI EDFWHULD ZKHUHDV WHPSHUDWXUHV EHWZHHQ
&DQG& -DQXDU\0DUFK SURGXFHGDPHDQ
QXPEHURIEDFWHULDOFRORQ\FRXQWVUDQJLQJIURP
WR7KHUHZDVQRVLJQLILFDQWFRUUHODWLRQEHWZHHQ
WKH PHDQ QXPEHU RI FRORQLHV DW WKH GLIIHUHQW WLPH
FROOHFWLRQ SRLQWV DQG WHPSHUDWXUH U  í S 
 DQGKXPLGLW\ U S  

6HTXHQFH DQDO\VLV DQG 3K\ORJHQHWLF WUHH
FRQVWUXFWLRQ 7KH SDUWLDO '1$ VHTXHQFLQJ IRU WKH
6 U51$ JHQH ZDV SHUIRUPHG 7KH WDUJHWHG VH
TXHQFHVZHUHHGLWHGXVLQJ*HQHLRXVSULPHVRIWZDUH
9HUVLRQ  >@ &RQVHQVXV VHTXHQFHV ZHUH
SURGXFHGIURPIRUZDUGDQGUHYHUVHVHTXHQFHV)RU
SK\ORJHQHWLF DQDO\VHV LGHQWLILFDWLRQ RI WKH 6
U51$VHTXHQFHVRIWKHLVRODWHVZHUHSHUIRUPHG
ZLWK WKH RQOLQH %ODVW 1 VHDUFK LQ 1&%, ZLWK WKHLU
QHDUHVWUHODWLYHV¶'1$VHTXHQFHV3K\ORJHQHWLFWUHH
ZDV FUHDWHG E\ DOLJQPHQW RI 6 U'1$ VHTXHQFHV
XVLQJWKHQHLJKERUMRLQLQJPHWKRG>@LQ0(*$;
VRIWZDUH>@7KH6U'1$JHQHVHTXHQFHRIWKH
5KL]RELXP VS 07 ZDV XVHG DV DQ RXW
JURXS$OOWKHREWDLQHG6U'1$JHQHVHTXHQFHV
ZHUHGHSRVLWHGWRWKH*HQ%DQN7KHDVVLJQHGDFFHV
VLRQQXPEHUVRIWKHEDFWHULDOVWUDLQVDUHOLVWHGLQ7D
EOH

6WDWLVWLFDO$QDO\VLV'DWDZHUHDQDO\VHGXVLQJ
WKH 6WDWLVWLFDO 3DFNDJH IRU 6RFLDO 6FLHQFHV 6366 

7$%/(
*URZWK3DWWHUQVRI,VRODWHG%DFWHULDO*HQHUDDQG6SHFLHVZLWK'LIIHUHQW&ROOHFWLRQ'DWHV7HPSHUDWXUH
DQG+XPLGLW\
9DULDEOHV
-DQ
0DU
6HSW



7HPSHUDWXUHLQ&



+XPLGLW\LQ



1XPEHURIFRORQLHV



1RRIVLWHVZLWKJURZWK
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6HTXHQFH$QDO\VLV7KH6UHJLRQVRIU'1$
VHTXHQFHVRIWKHLVRODWHVDUHVKRZQLQ7DEOH3K\
ORJHQHWLFDQDO\VLVRI6UHJLRQVRIWKHLVRODWHV
VKRZHGVLJQLILFDQWDOLJQPHQWVRIIRUWKHLVR
ODWHGEDFWHULDOVSHFLHV )LJXUH 0ROHFXODULGHQWL
ILFDWLRQRIEDFWHULDOLVRODWHVUHYHDOHGWKHSUHVHQFHRI
RWKHUEDFWHULDOJHQHUDDQGVSHFLHVZLWKLQWKHDLUVDP
SOHV LQFOXGLQJ 1RYLKHUEDVSLULOOXP DXUDQWL
DFXP 6WUHSWRP\FHV VS 3ODQRPLFURELXP JODFLHL
7HUULEDFLOOXVVS.Acinetobacter baumanniiCorynebacterium VS. Pontibacter VS. Enterococcus faecium Pseudomonas stutzeri Brevibacterium casei
Moraxella osloensisDQGMicrobacterium VS. 7DEOH
  7KH SK\ORJHQHWLF WUHH RI 6 U'1$ VHTXHQFHV
IRUWKHEDFWHULDOLVRODWHVZDVGLVSOD\HGLQ)LJXUH


$QWLPLFURELDO6XVFHSWLELOLW\7HVWLQJRI%DF
WHULDO ,VRODWHV 2I WKH EDFWHULDO VSHFLHV LGHQWLILHG
ILYH VSHFLHV ZHUH VXVFHSWLEOH WR VHYHUDO DQWLELRWLFV
WKDW ZHUH XVHG LQ WKH VWXG\ 3VHXGRPRQDV IOXR
UHVFHQV6WDKRPLQLVVXEVSKRPLQLV6WDDXUHXV6
VDSURSK\WLFXVDQG6WDKDHPRO\WLFXV2QWKHRWKHU
KDQG6WDKRPLQLVVXEVSKRPLQLVVKRZHGUHVLVWDQFH
WR %HQ]\OSHQLFLOOLQ $]LWKURP\FLQ &ODULWKURP\FLQ
(U\WKURP\FLQDQG5R[LWKURP\FLQ6WDVDSURSK\WL
FXV VKRZHG UHVLVWDQFH WR %HQ]\OSHQLFLOOLQ $PR[L
FLOOLQ$PSLFLOOLQ3LSHUDFLOOLQ$]LWKURP\FLQ&ODU
LWKURP\FLQ (U\WKURP\FLQ 5R[LWKURP\FLQ DQG
)XVLGLFDFLG6WDKDHPRO\WLFXVH[KLELWHGUHVLVWDQFH
WR D QXPEHU RI DQWLELRWLFV LQFOXGLQJ )ORPR[HI WKH
3HQLFLOOLQJURXSRIGUXJV&OR[DFLOOLQV&HSKDORVSRU
LQV,PLSHQHP7HWUDF\FOLQHVDQG)XVLGLFDFLG 7D
EOH 


),*85(
3K\ORJHQHWLFWUHHRISDUWLDO6U'1$JHQHVHTXHQFHRIEDFWHULDOZDVFRQVWUXFWHGE\1HLJKERUMRLQLQJ
PHWKRGZLWKERRWVWUDSVXVLQJ0(*$;



E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

7$%/(
$QWLPLFURELDO6XVFHSWLELOLW\7HVW5HVXOWVRI,VRODWHG%DFWHULDO6SHFLHV
%DFWHULDOJHQHUDDQGVSHFLHV
6HQVLWLYHWR
5HVLVWDQWWR

Pseudomonas fluorescens

Staphylococcus hominis VXEVS
hominis

S. aureus

S. saprophyticus

S. haemolyticus

$OORWKHULVRODWHGEDFWHULD

,PLSHQHP0HURSHQHP$PLNDFLQ
*HQWDPLFLQ&LSURIOR[DFLQ
&HIWD]LGLPH&HIXUR[LPH
&HIHSLPH7LJHF\FOLQH7ULPH
WKRSULP3LSHUDFLOOLQ
0HURSHQHP7LJHF\FOLQH1LWURIX
UDQWRLQ$PSLFLOOLQ$PR[LFODY
3LSHUDFLOOLQ&HSKDORWKLQ&HIR[
LWLQ&HIWD]LGLPH&HIWULD[RQH
&HIHSLPH)XVLGLFDFLG1LWURIX
UDQWRLQ5LIDPSLQ70360;
/LQH]ROLG/HYRIOR[DFLQ0R[LIOR[
DFLQ7HLFRSODQLQ)RVIRP\FLQ
0LQRF\FOLQH
7REUDP\FLQ/HYRIOR[DFLQ0R[L
IOR[DFLQ(U\WKURP\FLQ&OLQGDP\
FLQ7HLFRSODQLQ7HWUDF\FOLQH
7LJHF\FOLQH)RVIRP\FLQ1LWURIX
UDQWRLQ5LIDPSLQ70360;
0LQRF\FOLQH
)ORPR[HI7LFDUFLOOLQ$PR[LFODY
)OXFOR[DFLOOLQ0HWKLFLOOLQ2[DFLO
OLQ&HIDFORU&HIUDGLQH&HIDPDQ
GROH&HIXUR[LPH&HIGLQLU
&HIRSHUD]RQH&HIRWD[LPH
&HIWD]LGLPH&HIWL]R[LPD&HIWULD[
RQH,PLSQHP$PLNDFLQ*HQWDPL
FLQ7REUDP\FLQ&LSURIOR[DFLQ
/HYRIOR[DFLQ0R[LIOR[DFLQ1RU
IOR[DFLQ2IOR[DFLQ6SDUIOR[DFLQ
&OLQGDP\FLQ/LQH]ROLG
7HLFRSODQLQ9DQFRP\FLQ'R[\F\
FOLQH0LQRF\FOLQH7HWUDF\FOLQH
7LJHF\FOLQH1LWURIXUDQWRLQ5LIDP
SLQ70360;

1RHIIHFW

%HQ]\OSHQLFLOOLQ
$]LWKURP\FLQ&ODULWKUR
P\FLQ(U\WKURP\FLQ
5R[LWKURP\FLQ

1RHIIHFW

%HQ]\OSHQLFLOOLQ$PR[L
FLOOLQ$PSLFLOOLQ3LSH
UDFLOOLQ$]LWKURP\FLQ
&ODULWKURP\FLQ(U\WKUR
P\FLQ5R[LWKURP\FLQ
)XVLGLFDFLG

)ORPR[HI%HQ]\OSHQL
FLOOLQ$PR[LFLOOLQ$P
SLFLOOLQ&ODYXODQLFDFLG
7LFDUFLOOLQ3LSHUDFLOOLQ
*HQWDPLFLQ7REUDP\FLQ&LSURI
)OXFOR[DFLOOLQ0HWKLFLO
OR[DFLQ/HYRIOR[DFLQ0R[LIOR[D
OLQ2[DFLOOLQ&HIDFORU
FLQ1RUIOR[DFLQ2IOR[DFLQ6SDU
&HIDGUR[LO&HSKDOH[LQ
IOR[DFLQ$]LWKURP\FLQ&ODULWKUR
&HIUDGLQH&HIDPDQGROH
P\FLQ(U\WKURP\FLQ5R[LWKURP\
&HIR[LWLQ&HIGLQLU
FLQ&OLQGDP\FLQ/LQH]ROLG
&HIL[LPH&HIRSHUD]RQH
7HLFRSODQLQ9DQFRP\FLQ7LJHF\
&HIRWD[LPH
FOLQH1LWURIXUDQWRLQ5LIDPSLQ
&HIWD]LGLPH&HIWL]R[
LPH&HIWULD[RQH
,PLSHQHP'R[\F\FOLQH
7HWUDF\FOLQH)XVLGLF
DFLG
1RHIIHFWRQWKHGLVFV







E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

Noviherbaspirillum aurantiacum >@ Planomicrobium glaciei >@ Terribacillus VS. >@ DQG
Brevibacterium casei >@ )XUWKHUPRUH Acinetobacter baumannii FRORQL]HV WKH VNLQ DQG KDV EHHQ
LVRODWHGIURPWKHUHVSLUDWRU\DQGRURSKDU\Q[VHFUH
WLRQV RI LQIHFWHG LQGLYLGXDOV >@ 6WXGLHV KDYH
VKRZQWKDWRQFHEDFWHULDDUHDHURVROL]HGWKH\FDQEH
WUDQVSRUWHGXSZDUGVZLWKDLUFXUUHQWVDQGEHFDXVH
RI WKHLU VPDOO VL]H WKH\ FDQ UHPDLQ LQ WKH DLU IRU D
VLJQLILFDQWSHULRGRIWLPH>@7KLVLQIDFWZDVRE
VHUYHG LQ WKH WUDQVSRUW RI EDFWHULD E\ GXVW SOXPHV
RULJLQDWLQJ IURP WKH GHVHUW ZKLFK LQ WXUQ FDXVHV
JUHDWDOWHUDWLRQVLQWKHGRZQZLQGDWPRVSKHULFEDF
WHULDOFRPPXQLW\>@
,WZDVDOVRQRWHGWKDWWKHEDFWHULDOVSHFLHVJUHZ
DW WHPSHUDWXUHV FORVH WR URRP WHPSHUDWXUH ,Q WKLV
VWXG\ZHQRWLFHGWKDWWKHVHEDFWHULDJURZDWWHPSHU
DWXUHVEHWZHHQ  DQG& EXW VRPH RWKHUV VWLOO
JURZDWUHODWLYHO\KLJKWHPSHUDWXUHVRI&)XU
WKHUPRUHUHODWLYHO\KLJKKXPLGLW\ LQH[FHVVRI
EDVHGRQRXUUHVXOWV IDYRUVWKHJURZWKRIPRUHEDF
WHULDOFRORQLHV$OWKRXJKRXUUHVXOWVGLGQRWVKRZD
VLJQLILFDQWFRUUHODWLRQEHWZHHQWKHJURZWKRIEDFWH
ULDOFRORQLHVWHPSHUDWXUHDQGKXPLGLW\ZHFDQQRW
H[FOXGH WKH SRVVLELOLW\ WKDW WKHVH EDFWHULDO LVRODWHV
WKULYHDWYDU\LQJWHPSHUDWXUHVDQGKXPLGLW\2XUUH
VXOWV DUH VWLOO FRPSDUDEOH ZLWK WKH ILQGLQJV RI
%RZHUVHWDO>@*ULQQ*RIURĔDQG6WU]HOF]DN>@
DQG/HXQJHWDO>@ZKRKDYHUHSRUWHGWKDWPLFUR
ELDOVSRUHJURZWKLVUHODWHGWRVHDVRQDODQGFOLPDWLF
FRQGLWLRQVDQGWKDWWKHUHDUHYDU\LQJHIIHFWVRIWHP
SHUDWXUH DQG KXPLGLW\ RQ WKH SUHYDOHQFHRI FHUWDLQ
EDFWHULDOVSHFLHV
7KLV VWXG\KDG VRPH OLPLWDWLRQV VLQFH WKHGD
WDVHWZDVREWDLQHGIURPPHWURVWDWLRQVLQRQHJHR
JUDSKLFDOORFDWLRQDQGPD\QRWEHUHSUHVHQWDWLYHRI
RWKHU FORVHG HQYLURQPHQWDO V\VWHPV +RZHYHU ZH
ZHUH DEOH WR GHGXFH DQG KLJKOLJKW VRPH LPSRUWDQW
IDFWVWKDWFRUUHODWHYDU\LQJWHPSHUDWXUHDQGKXPLG
LW\FRQGLWLRQVWRWKHJURZWKRIEDFWHULDOJHQHUDDQG
VSHFLHVDVZHOODVLGHQWLI\WKHVHRUJDQLVPVIRUIXU
WKHUUHVHDUFK


&21&/86,21

$ YDULHW\ RI SRWHQWLDOO\ SDWKRJHQLF EDFWHULDO
JHQHUDDQGVSHFLHVLQFOXGLQJVRPHUDUHRQHVWKULYH
DW PHWUR VWDWLRQV 7KHLU JURZWK SDWWHUQV YDU\ IURP
UHODWLYHO\ ORZ WR KLJK WHPSHUDWXUH DQG KXPLGLW\
7HPSHUDWXUH DQGKXPLGLW\ KDYHEHHQ VKRZQ WR DI
IHFW WKH JURZWK RI WKHVH RUJDQLVPV DOWKRXJK ZH
ZHUH QRW DEOH WR GHWHUPLQH D VLJQLILFDQW DQG GLUHFW
UHODWLRQVKLSEHWZHHQWHPSHUDWXUHDQGKXPLGLW\DQG
WKHJURZWKRIWKHVHRUJDQLVPV)URPDSXEOLFKHDOWK
SRLQWRIYLHZWKHDLUERUQHEDFWHULDVKRZHGDQRWDEOH
OHYHO RI UHVLVWDQFH WR WHVWHG DQWLELRWLFV 7KXV LW LV
FUXFLDO WR FRQWURO WKH VSUHDG RI DQWLELRWLFUHVLVWDQW
DLUERUQHEDFWHULDE\LQFUHDVLQJSXEOLFDZDUHQHVVLQ


',6&866,21

7KLVVWXG\DLPHGWRLGHQWLI\DLUERUQHEDFWHULD
LQWKHLQGRRUHQYLURQPHQWRI318¶VPHWURVWDWLRQV
DQG DVVHVV WKH HIIHFWVRI WHPSHUDWXUH DQG KXPLGLW\
RQWKHDEXQGDQFHRIPLFURELDOJURZWK:HGHHPHG
WKLVVWXG\LPSRUWDQWLQWKHKRSHRISURYLGLQJDVFL
HQWLILFEDVLVIRUSROLF\PDNLQJSURYLGLQJKHDOWKLQ
IRUPDWLRQDQGGHVLJQLQJDSXEOLFKHDOWKVDIHW\SUR
JUDPIRUWKHJHQHUDOSXEOLFXVLQJVXFKVHUYLFHV7KH
SRWHQWLDOGDQJHULQWKHVHPHWURVWDWLRQVLVKLJKDQG
ZHQHHGWRLGHQWLI\WKHSRVVLEOHFXOSULWVWRLQVWLWXWH
SULPDU\ SUHYHQWLRQ SURJUDPV DQG LPPHGLDWH
KHDOWKFDUHVKRXOGSUREOHPVSHUWDLQLQJWRPDVVLQIHF
WLRQVDULVH
,QWKLVVWXG\ZHLGHQWLILHGDYDULHW\RIEDFWHULDO
VSHFLHV WKDW DUH SRWHQWLDOO\ SDWKRJHQLF 2XU UHVXOWV
DUHFRPSDUDEOHZLWKWKHILQGLQJVRI8HWDNHHWDO>@
LQFRPSDULQJWKHFRUUHODWLRQEHWZHHQWKHJURZWKRI
IXQJDODQGEDFWHULDOFRORQLHVWRWHPSHUDWXUHDQGKX
PLGLW\ 7KH LVRODWHV ZHUH GHULYHG IURP WKH PRVW
FURZGHGDQGSDFNHG318PHWURVWDWLRQVZKHUHVWX
GHQWV DQG VWDII FRQQHFW WR WKHLU ILQDO GHVWLQDWLRQV
ZKLFK DUH VWXGHQW DFFRPPRGDWLRQV DQG WKH FKLO
GUHQ¶VQXUVHU\)XUWKHUPRUHVHYHUDOLVRODWHGEDFWH
ULDO VSHFLHV LQFOXGLQJ WKH RQHV IRXQG PRUH FRP
PRQO\ LQFOXGLQJ Carnobacteriacea Neisseria animaloriszoodegmati, Bacillus pumilus, Microcossus
luteus, Granulicatella elegans, Staphylococcus hominis VXEVS hominis, Globicatella suldifaciens Kocuria roseaKocuria turfanensisDQGKocuria sediminisFDQEHSRWHQWLDOO\KDUPIXOWRKXPDQVCarnobacteriaceaeLVIUHTXHQWO\LVRODWHGIURPWKHDQWHULRU
QDUHVRIKXPDQVDQGFDQFDXVHUHVSLUDWRU\LQIHFWLRQV
>@Neisseria animaloriszoodegmati ZKLFKLVD
UDUH ]RRQRWLF SDWKRJHQ FDXVHV ZRXQG LQIHFWLRQV LQ
KXPDQV>@Bacillus pumilusUHSRUWHGO\FDXVHVFX
WDQHRXVLQIHFWLRQVLQKXPDQV>@Granulicatella elegansFDXVHVLQIHFWLYHHQGRFDUGLWLVDQGEDFWHUHPLD
>@Staphylococcus hominis VXEVS hominisLV
NQRZQ WR EH D PHWKLFLOOLQUHVLVWDQW RSSRUWXQLVWLF
SDWKRJHQFDXVLQJEORRGVWUHDPLQIHFWLRQVLQKXPDQV
>@9DULRXVKocuria VSHFLHVFDXVHEDFWHUHPLDDQG
PDQ\RWKHULQIHFWLRQVVXFKDVPHQLQJLWLVSDUWLFXODUO\
DPRQJ FKLOGUHQ DQG LPPXQRFRPSURPLVHG KRVWV
>@
7KHDQWLPLFURELDOVXVFHSWLELOLW\UHVXOWVGHPRQ
VWUDWHGWKDWDOWKRXJKWKHVHLVRODWHGEDFWHULDOVSHFLHV
ZHUHVHQVLWLYHWRVRPHDYDLODEOHDQWLELRWLFVDODUJH
QXPEHURIWKHPZHUHUHVLVWDQW,QIDFWRQO\ILYHRI
WKHLVRODWHGEDFWHULDOVSHFLHVZHUHVXVFHSWLEOH7KHVH
UHVXOWVQHHGIXUWKHULQYHVWLJDWLRQVLQFHRXUREVHUYD
WLRQVFRXOGLQGLFDWHGLIILFXOW\LQPDQDJLQJSDWLHQWV
VKRXOGWKHVHPLFURRUJDQLVPVHQWHUWKHERG\DQGEH
FRPHSDWKRJHQLF
%DFWHULDO V ULERVRPDO VHTXHQFLQJ GDWD UH
YHDOHG WKH SUHVHQFH RI JHQHUD DQG VSHFLHV WKDW DUH
NQRZQWRLQKDELWDYDULHW\RIHQYLURQPHQWVLQFOXGLQJ
ZDWHU DQG GHVHUW Pontibacter VS. >@ DQG VRLO
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7$%/(
,GHQWLILFDWLRQRI%DFWHULDO,VRODWHVRI6RIU51$*HQH6HTXHQFHV
&ORVHO\UHODWHGIXQJDOVHTXHQFH
/HQJWK
$FFHVVLRQ1XP
EHUV
ES 
01
Acinetobacter baumannii

01
Bacillus VS.

Bacillus pumilus

01
Brevibacterium casei

01

,GHQWLW\





Corynebacterium VS.
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01

01

Enterococcus faecium
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318
318
318
318
318
318
318
318
318

01
01
01
01
01
01
01
01
01
01
01
01

Kocuria turfanensis
Micrococcus luteus
Microbacterium VS.
Moraxella osloensis
Noviherbaspirillum aurantiacum
Planomicrobium glaciei
Pontibacter VS.
Pseudomonas stutzeri
Staphylococcus epidermidis
Staphylococcus saprophyticus
Streptomyces VS.
Terribacillus VS.
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3183ULQFHVV1RXUDK%LQW$EGXOUDKPDQ8QLYHUVLW\VDPSOHQXPEHU


WKH DSSURSULDWH XVH RI DQWLELRWLFV DQG PRUH LP
SRUWDQWO\E\LPSURYLQJK\JLHQLFFRQGLWLRQVLQSXEOLF
DUHDV,QDGGLWLRQLWZLOOEHXVHIXOWREHWWHUXQGHU
VWDQGFRPPHQVDOEDFWHULDPHFKDQLVPVRIDQWLELRWLF
UHVLVWDQFH DQG WKH GHYHORSPHQW DQG GLVVHPLQDWLRQ
RIUHVLVWDQFHLQDLUERUQHEDFWHULD$OVRLQWHUPVRI
SXEOLFKHDOWKWKLVVWXG\KLJKOLJKWVWKHLPSRUWDQFHRI
LGHQWLI\LQJWKHHQYLURQPHQWDOFRQGLWLRQVWKDWIDYRU
EDFWHULDO JURZWK ZLWKLQ WKH 318 PHWUR VWDWLRQV LQ
RUGHUWRGHFUHDVHWKHLPSDFWRQLPPXQRORJLFDOGLV
HDVHVVXFKDVDOOHUJLHV)XUWKHUPRUHLWZLOOEHYLWDO
WRGHWHFWWKHQDWXUDODQGVHDVRQDOOHYHOVRIDLUERUQH
EDFWHULD VR WKDW WKHUH FDQ EH D UDSLG UHVHDUFK UH
VSRQVHLIWKHUHLVDQXQFRPPRQLQFUHDVHLQVSHFLILF
RUJDQLVPV


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

7KLV UHVHDUFK ZDV IXQGHG E\ WKH 'HDQVKLS RI
6FLHQWLILF 5HVHDUFK DW 3ULQFHVV 1RXUDK %LQW $E
GXOUDKPDQ 8QLYHUVLW\ WKURXJK WKH )DVWWUDFN 5H
VHDUFK)XQGLQJ3URJUDP

(WKLFV6WDWHPHQW7KHFXUUHQWVWXG\GRHVQRW
FRQWDLQFOLQLFDOVWXGLHVRUSDWLHQWGDWD

&RQIOLFWRI,QWHUHVW7KHDXWKRUVGHFODUHWKDW
WKH\KDYHQRFRQIOLFWRILQWHUHVWV

&UHGLW DXWKRUVKLS FRQWULEXWLRQ VWDWHPHQW
$OODXWKRUVFRQWULEXWHGWRGDWDDQDO\VLVGUDIWLQJRU

UHYLVLQJWKHPDQXVFULSW$OODXWKRUVDSSURYHGWKHIL
QDOPDQXVFULSWDQGDUHDFFRXQWDEOHIRUDOODVSHFWVRI
WKHZRUN
$O\D 5HGKZDQ DQG +DQD 6RQERO FRQWULEXWHG
HTXDOO\


5()(5(1&(6

>@ 1D]11DVLP)DQG3DVKD7  3UHYD
OHQFHRI$QWLELRWLF5HVLVWDQW$LUERUQH%DFWHULD
DORQJ5RDGVLGHVLQ5DKLP<DU.KDQ3DNLVWDQ
3ROLVK -RXUQDO RI (QYLURQPHQWDO 6WXGLHV 
±
>@ %LUHQ]YLJH$(YHUVROH-6HDYHU0)UDQFHV
FRQL69DOGHV(DQG.XODJD+  $HUR
VRO FKDUDFWHULVWLFV LQ D VXEZD\ HQYLURQPHQW
-RXUQDO$HURVRO6FLHQFHDQG7HFKQRORJ\  
±
>@ %RZHUV 50 &OHPHQWV 1 (PHUVRQ -%
:LHGLQP\HU&+DQQLJDQ03DQG)LHUHU1
 6HDVRQDOYDULDELOLW\LQEDFWHULDODQGIXQ
JDO GLYHUVLW\ RI WKH QHDUVXUIDFH DWPRVSKHUH
(QYLURQ6FL7HFKQRO±
>@ %RZHUV 50 0F&XEELQ ,% +DOODU $*
)LHUHU 1   6HDVRQDO YDULDELOLW\ LQ DLU
ERUQHEDFWHULDOFRPPXQLWLHVDWDKLJKHOHYDWLRQ
VLWH$WPRVSKHULF(QYLURQPHQW±
>@ +DLJ &: 0DFND\ :* :DONHU -7 DQG
:LOOLDPV&  %LRDHURVROVDPSOLQJVDP
SOLQJPHFKDQLVPVELRHIILFLHQF\DQGILHOGVWXG
LHV -RXUQDO RI +RVSLWDO ,QIHFWLRQ    ±
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>@ (O6DPDZDW\ $(50$ <DVVLQ 0$ DQG
$EGHO:DKDE 0$   $LUERUQH IXQJL LQ
RXWGRRU$LURI5L\DGK&LW\.LQJGRP2I6DXGL
$UDELD)UHVHQ(QYLURQ%XOO  
>@ /HXQJ 0+< :LONLQV ' /L (. .RQJ
). DQG /HH 3.   ,QGRRUDLU PLFUREL
RPHLQDQXUEDQVXEZD\QHWZRUNGLYHUVLW\DQG
G\QDPLFV$SSOLHGDQG(QYLURQPHQWDO0LFUREL
RORJ\  ±
>@ 0HQHWUH]0<DQG)RDUGH..  (PLV
VLRQ H[SRVXUH PRGHO IRU WKH WUDQVSRUW RI WR[LF
PROG,QGRRUDQG%XLOW(QYLURQPHQW  ±

>@ %XVK5.DQG3URFKQDX--  $OWHUQDULD
LQGXFHG DVWKPD 7KH -RXUQDO RI $OOHUJ\ DQG
&OLQLFDO,PPXQRORJ\  ±
>@$GKLNDUL $ 6HQ 00 *XSWD%KDWWDFKDU\D
6DQG&KDQGD6  $LUERUQHYLDEOHQRQ
YLDEOH DQG DOOHUJHQLF IXQJL LQ D UXUDO DJULFXO
WXUDODUHDRI,QGLDD\HDUVWXG\DWILYHRXWGRRU
VDPSOLQJ VWDWLRQV 6FLHQFH 7RWDO (QYLURQPHQW
±
>@$O 0LMDOOL 6+6   %DFWHULDO FRQWDPLQD
WLRQ RI LQGRRU DLU LQ VFKRROV RI 5L\DGK 6DXGL
$UDELD$LU:DWHU%RUQH'LVHDVH±
>@=KRX)DQG:DQJ<  'HWHFWLRQRIDLU
ERUQH EDFWHULD DQG PLOGHZ LQ WKH 6KDQJKDL
PHWURV\VWHP,QWHUQDWLRQDO-RXUQDORI0HGLFDO
DQG+HDOWK6FLHQFHV±
>@6HLQR . 7DNDQR 7 1DNDPXUD . DQG
:DWDQDEH0  $QHYLGHQWLDOH[DPSOHRI
DLUERUQH EDFWHULD LQ D FURZGHG XQGHUJURXQG
SXEOLFFRQFRXUVHLQ7RN\R$WPRVSKHULF(QYL
URQPHQW  ±
>@=KRX)DQG:DQJ<  &KDUDFWHULVWLFVRI
DQWLELRWLFUHVLVWDQFHRIDLUERUQH6WDSK\ORFRFFXV
LVRODWHGIURPPHWURVWDWLRQV,QWHUQDWLRQDO-RXU
QDO RI (QYLURQPHQWDO 5HVHDUFK DQG 3XEOLF
+HDOWK  ±
>@$O6RJDLU 60 0RDZDG 0. DQG $O+X
PDLGDQ<0  )XQJDOLQIHFWLRQDVDFDXVH
RIVNLQGLVHDVHLQWKH(DVWHUQ3URYLQFHRI6DXGL
$UDELD SUHYDLOLQJ IXQJL DQG SDWWHUQ RI LQIHF
WLRQ0\FRVHV ± ±
>@&KHQ<<6XQJ)&&KHQ0/0DR,DQG
/X&<  ,QGRRUDLUTXDOLW\LQWKHPHWUR
V\VWHP LQ 1RUWK 7DLZDQ ,QWHUQDWLRQDO -RXUQDO
RI (QYLURQPHQWDO 5HVHDUFK DQG 3XEOLF +HDOWK
  
>@4XHURO;0RUHQR7.DUDQDVLRX$5HFKH
&$ODVWXH\$9LDQD0)RQW2*LO-GH
0LJXHO(DQG&DSGHYLOD0  9DULDELOLW\
RIOHYHOVDQGFRPSRVLWLRQRI30DQG30
LQ WKH %DUFHORQD PHWUR V\VWHP $WPRVSKHULF
&KHPLVWU\DQG3K\VLFV±
>@.DZDVDNL7.\RWDQL78VKLRJL7DQG/HH
+   'LVWULEXWLRQ RI DLUERUQH EDFWHULD LQ
UDLOZD\VWDWLRQVLQ7RN\R-DSDQ-RXUQDORI2F
FXSDWLRQDO+HDOWK

>@.HDUVH00RLU5:LOVRQ$6WRQHV+DYDV
6 &KHXQJ 0 6WXUURFN 6 %X[WRQ 6
&RRSHU$0DUNRZLW]6'XUDQ&7KLHUHU
7$VKWRQ%0HLQWMHV3DQG'UXPPRQG$
  *HQHLRXV %DVLF $Q LQWHJUDWHG DQG H[
WHQGDEOH GHVNWRS VRIWZDUH SODWIRUP IRU WKH RU
JDQL]DWLRQDQGDQDO\VLVRIVHTXHQFHGDWD%LRLQ
IRUPDWLFV  
>@6DLWRX1DQG0DVDWRVKL1  7KHQHLJK
ERUMRLQLQJ PHWKRG D QHZ PHWKRG IRU UHFRQ
VWUXFWLQJSK\ORJHQHWLFWUHHV0ROHFXODU%LRORJ\
DQG(YROXWLRQ±
>@.XPDU 6 6WHFKHU* /L0.Q\D] DQG &
7DPXUD . 0(*$ ; PROHFXODU HYROXWLRQDU\
JHQHWLFV DQDO\VLV DFURVV FRPSXWLQJ SODWIRUPV
0ROHFXODU%LRORJ\DQG(YROXWLRQ  ±

>@8HWDNH-7RER<8ML<+LOO7'H0RWW
3.UHLGHQZHLV6DQG0LVXPL5  6HD
VRQDOFKDQJHVRIDLUERUQHEDFWHULDOFRPPXQLWLHV
RYHU7RN\RDQGLQIOXHQFHRIORFDOPHWHRURORJ\
)URQWLHUVLQ0LFURELRORJ\
>@6FKLOOLQJHU8DQG(QGR$  0LQRUJHQ
HUDRIWKH&DUQREDFWHULDFHDH$OORIXVWLV$OORLR
FRFFXV $WRSREDFWHU $WRSRFRFFXV $WRSRVWL
SHV%DYDULLFRFFXV'HVHP]LD'RORVLJUDQXOXP
*UDQXOLFDWHOOD,Q/DFWLF$FLG%DFWHULD%LRGL
YHUVLW\ DQG 7D[RQRP\ (GLWRUV :LOKHOP +
+RO]DSIHO %ULDQ -% :RRG  -RKQ :LOH\ 
6RQV/WG±
>@+H\GHFNH$$QGHUVVRQ%+ROPGDKO7DQG
0HOKXV c   +XPDQ ZRXQG LQIHFWLRQV
FDXVHG E\ 1HLVVHULD DQLPDORULV DQG 1HLVVHULD
]RRGHJPDWLV IRUPHU &'& *URXS ()D DQG
()E ,QIHFWLRQ (FRORJ\  (SLGHPLRORJ\
  
>@7HQD'0DUWLQH]7RUUHV-È3pUH]3RPDWD
076iH]1LHWR-$5XELR9DQG%LVTXHUW
-  &XWDQHRXVLQIHFWLRQGXHWR%DFLOOXVSX
PLOXVUHSRUWRIFDVHV&OLQLFDO,QIHFWLRXV'LV
HDVHV  HH
>@$EGXO5HGKD 5- 3UDJ - 6RQNVHQ 8:
.HPS 0 $QGUHVHQ . DQG &KULVWHQVHQ --
  *UDQXOLFDWHOOD HOHJDQV EDFWHUDHPLD LQ
SDWLHQWV ZLWK DEGRPLQDO LQIHFWLRQV 6FDQGLQD
YLDQ-RXUQDORI,QIHFWLRXV'LVHDVHV  ±

>@2KDUD1HPRWR<.LVKL.6DWKR07DMLND
6 6DVDNL 0 1DPLRND $ DQG .LPXUD 6
 ,QIHFWLYHHQGRFDUGLWLVFDXVHGE\*UDQX
OLFDWHOOD HOHJDQV RULJLQDWLQJ LQ WKH RUDO FDYLW\
-RXUQDORI&OLQLFDO0LFURELRORJ\  ±

>@6]F]XND(.U]\PLĔVND6%RJXFND1DQG
.D]QRZVNL $   0XOWLIDFWRULDO PHFKD
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STATUS OF SOIL AND WATER POLLUTION AT THE
LARGEST COAL MINING AREA OF PUNJAB, PAKISTAN
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2]. A number of environmental impacts are associated with coal mining out of which Valley Fills
(VF’s) and Acid Mine Drainage (AMD) pose stern
threats to nearby vegetation [3, 4].
VF’s are produced when low quality coal and
rocks mined in order to reach the coal seam are
dumped near the mining sites. Together the rocks
and low quality coal are known as mine spoils. Mine
spoils in large amounts can fill up the valleys and
burry the vegetation permanently. The rainwater
which flows down these VF’s also gets contaminated
[5, 6].
AMD from coal mines occur when water from
underground aquifers enters the mines and pyrite
present in coal gets dissolved in water. In order to
continue the mining process effectively, the water is
pumped from inside the mines and is channeled to
nearby water reserves [7, 8]. AMD is known to be
rich in metals along with a higher proportion of Total
Dissolved Solids (TDS) and Total Suspended Solids
(TSS). Consequently AMD comes with the ability to
disturb the environment severely especially by causing metal toxicity and sedimentation of water reserves [9].
Thus mining activities are damaging the environment particularly the vegetation around coal
mines. Various rivers and water reserves have been
contaminated by mine water thus the riparian vegetation is also threatened by coal mining [10, 11].
Coal mining is a concern for many as it has damaged
several hectares of fertile agricultural land across the
globe [12]. Coal mining also causes the emission of
heavy metals in environment which are absorbed by
plants and thus they make their way to animals
through food chain [13]. Heavy metals are of great
concern as they remain available in environment
even after mining activities have stopped [14].
Pakistan stands at 7th place in countries blessed
with lignite coal reserves [15] meanwhile Salt Range
contain highest coal reserves in province Punjab of
Pakistan [16]. In Pakistan the effects of mining pollution on vegetation has not been addressed properly.
This study focused the soil and water from the mine
fields of Vanhar Valley of Salt Range. Salt Range
was selected for the study as it contains the highest
coal reserves in Punjab.

ABSTRACT
Coal mining is one of the anthropogenic activities that pose serious threats to environment. The
coal fields of Salt Range which have the largest coal
reserves in Punjab, Pakistan were visited and sampled for soil and water in order to determine the status of pollution around coal mines. Soil sample were
collected from the rhizosphere of coal fields after removing the layer of mine spoils from it while water
samples were collected from those coal fields only
which were draining water from mines. Afterwards
the soil and water samples were tested for presence
of acidity or alkalinity, hardness, salinity and metal
toxicity. The study of soil and water attributes corroborated the presence of alkaline as well as acidic
nature of Mine Drainage with a higher level of TDS,
salinity and metal toxicity in soil and water. Among
heavy metals, Iron followed by Manganese contributed the most in metal toxicity across the mines. The
study also confirmed the spread of mine spoils to a
larger area with a course of drains to towards River
Jehlum which may spread the pollution on a larger
scale. Moreover a large variation was observed in
pollution around the mines where the site with combined effluents of Salt & Coal Mines and Alkhair
Coal Mines were indicated as the most polluted sites
of the area. The Agglomerative Hierarchical Clustering (AHC) of soil samples revealed that the samples
taken from Munarah Hills (site with no mine spoil or
mine drainage) was different from all other sites
which validate the role of coal mines in spreading
pollution across the area.

KEYWORDS:
Pollution, Environment, Acid Mine Drainage, Coal Mining, Heavy Metals, Salinity

INTRODUCTION
Coal mining is in practice across the world as a
profitable industry however there is no denial in the
fact that it is posing serious threat to environment [1,
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Moreover due to the geographical location of Vanhar
Valley, the drains from coal mines are directed towards River Jhelum which flows on the southern
side of mountains because of which there is an increased risk of vegetation being affected. Therefore
it is necessary to evaluate the extent of pollution
prior to the assessment of risks to flora and fauna.

were analyzed on Atomic Absorption Spectrophotometer.
Soil Analysis. The soil samples were analyzed
for pH, EC and Potassium according to methods described by [17]. Organic matter in soil samples was
analyzed according to standard protocols of [18].
The method of [19] was used to determine the
amount of Phosphorus in soil samples. The soil samples were also assayed for the same heavy metals
which were determined in water samples. For determination of heavy metals, the Tri acidic digestion
method described by [17] was used to digest soil
samples which included coal particles.

MATERIALS AND METHODS
An extensive survey was made and all sixteen
coal fields of Vanhar were visited to collect soil and
water samples. Soil samples were collected from the
rhizosphere of all coal fields after removing the layer
of mine spoils from it. Water samples were collected
from the drains of fifteen coal fields which were
found draining water from mines except one coal
field that didn’t drained water. In addition to that,
one site in the same location was also sampled for
soil which was free from all sorts of mining pollution.

Statistical Analysis. After the application of
simple descriptive statistics for soil and water parameters,two separate principal component Analyses (PCA) were performed for soil and water samples and two separate Scree plots and Biplots were
generated. Agglomerative hierarchical clustering
(AHC) based on euclidian distance was performed
using unweightedpair group method with arithmetic
mean (UPGMA) method among soil and water parameters separately with study sites.

Water Analysis. The mine water was analyzed
for pH, EC, Ca+Mg, Sodium, Sodium Absorption
Ratio (SAR), Bicarbonate, Chloride, Total Dissolved Solid (TDS) and Total Suspended Solid
(TSS) following the protocols elaborated by [17].
The water samples were also analyzed for heavy
metals reported commonly from coal. For digestion
of water samples the di acidic digestion method was
used as described by [17]. The digested samples

RESULTS
A variation in pH of water sample was recorded
from all sites with a maximum value of 8.2 and lowest of 7.0. A high fluctuation was observed in the
value of EC which ranged from 830 to 46317.

TABLE 1
Descriptive statistics of soil and water parameters
Parameters
pH
EC μS/cm
Ca+Mg
/L
Na E
mEq/L
BC mEq/L
Cl mEq/L
Cd ppm
Co ppm
Cr ppm
Cu ppm
Fe ppm
Mn ppm
Ni ppm
Pb ppm
Zn ppm
AA km2
SAR
TSS μS/cm
TDS μS/cm

Min
7.0
830.
0
2.6

Max
8.2
46317.
0
25.6

2.5
0.8
3.1
0.00
1
0.00
3
0.00
5
0.00
4
2.0

440.0
9.0
418.5
0.009
0.009
0.432
0.146
34.3
4.5
0.2
0.8
0.5
15.0
129.5
455.1
33223.
0

0.1
0.1
0.0
0.1
0.3
1.2
8.5
596.
7

Water
Mean
SD
7.7
0.4
5136. 11530.
5
9
9.9
7.7
41.1
111.5
2.9
2.0
40.1
105.8
0.003
0.002
0.006
0.002
0.099
0.144
0.042
0.031
11.6
9.2
0.5
1.1
0.1
0.0
0.2
0.2
0.3
0.1
2.8
3.9
14.8
33.1
50.7
113.3
3677. 8271.4
3

CV%
5.7
224.5
78.0
271.4
67.0
263.6
79.480
35.065
146.18
8
74.497
79.6
224.7
40.7
128.8
40.7
139.2
223.3
223.3
224.9
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Parameters
pH
EC mS/cm
OM %
P mg/kg
K mg/kg
Sat %
Cd mg/kg
Co mg/kg
Cr mg/kg
Cu mg/kg
Fe mg/kg
Mn mg/kg
Ni mg/kg
Pb mg/kg
Zn mg/kg
AA km2

Min
5.2
2.5
0.5
5.3
165.
3
52.0

Max
7.9
75.7
0.8
7.6
200.
0
70.0

0.00
1
0.00
5
0.00
1
0.04
5
2.1

0.00
5
0.08
9
1.97
3
0.52
1
105.
9
8.6

0.1
0.1
0.0
0.5
0.3

0.5
0.8
2.4
15.0

Soil
Mea
7.3
10.6
0.7
6.7
180.
6
64.5
0.00
3
0.01
7
0.69
9
0.15
9
59.0

SD
0.7
17.2
0.1
0.5
8.4
4.0
0.00
1
0.01
9
0.62
0
0.10
3
43.4

3.3
0.2
0.2
1.3
2.9

2.2
0.1
0.2
0.6
3.9

CV%
9.2
162.3
13.8
8.2
4.6
6.3
30.611
110.07
6
88.647
64.720
73.6
67.7
52.7
141.9
48.2
132.8
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The Highest amount of Ca+Mg was recorded
as 25.6 while lowest as 2.5. The value of sodium
ranged from 2.5 to 440. The Bicarbonates in water
ranged from 0.8 to 9.0 at different sites while the
chloride ranged from 3.1 to 418. The maximum concentration of Sodium Absorption Ratio (SAR) Total
Suspended Solids (TSS) and Total Dissolved Solids
(TDS) were 129, 455 and 33223 while the minimum
were 1.2, 8.5 and 596 respectively. Among the heavy
metals the amount of Iron and Manganese was considerably higher than the others. The maximum concentration of Cd, Co, Cr and Cu were 0.009, 0.009,
0.432 and 0.146 respectively. Similarly the concentration of Fe, Mn, Ni, Pb and Zn were higher in the
water in comparison to metal the mentioned earlier
and were recorded as 34, 4.5, 0.2, 0.8 and 0.5 respectively. The analysis of soil samples revealed more

hidden aspects of the area. In comparison to water
sample more variation in pH of soil samples was observed with minimum value of 5.2 and maximum of
7.9. The value of EC also exhibited a variation from
2.5 to 75.7. However the Organic Matter, Phosphorus, Potassium and Saturation of soil didn’t vary significantly. Like water, in soil samples the amount of
Iron and Manganese was higher than the other heavy
metals. The maximum concentrations of metals were
recorded as 0.005, 0.089, 1.973, 0.521, 105.9, 8.6,
0.5, 0.8 and 2.4 for Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb
and Zn respectively. The Affected Area by mining
pollutants i.e. Mine Spoils and Mine Drainage
ranged from 0.3 to 15 km2 with an average of 2.9
km2 across the mines (Table 1).
.

TABLE 2
Principal component analysis of soil parameters

pH
EC
OM
P
K
Sat
Cd
Co
Cr
Cu
Fe
Mn
Ni
Pb
Zn
AA

Eigenvectors
PC1
PC2
-0.20
0.19
0.32
0.29
0.13
-0.36
0.05
-0.32
0.09
-0.38
0.27
0.13
-0.03
0.46
0.22
-0.28
0.15
0.00
0.25
-0.30
0.44
-0.02
0.11
-0.04
0.16
0.12
0.23
-0.03
0.42
0.13
0.40
0.26

Correlation
PC1
PC2
-0.39
0.34
0.62
0.52
0.26
-0.65
0.10
-0.57
0.17
-0.68
0.52
0.23
-0.06
0.83
0.43
-0.50
0.30
-0.01
0.48
-0.53
0.85
-0.03
0.21
-0.06
0.31
0.22
0.45
-0.05
0.80
0.23
0.76
0.47

Contribution %
PC1
PC2
4.01
3.65
10.29
8.53
1.79
13.02
0.29
10.22
0.79
14.43
7.23
1.63
0.09
21.48
4.94
7.97
2.37
0.00
6.17
8.84
19.54
0.03
1.19
0.13
2.67
1.46
5.48
0.07
17.33
1.68
15.82
6.88

Squared cosines
PC1
PC2
0.15
0.12
0.27
0.38
0.07
0.42
0.01
0.33
0.03
0.46
0.27
0.05
0.00
0.69
0.18
0.25
0.09
0.00
0.23
0.28
0.00
0.72
0.04
0.00
0.10
0.05
0.20
0.00
0.05
0.64
0.22
0.59

TABLE 3
Principal component analysis of water parameters
pH
EC
CaMg
Na
BC
Cl
SAR
TSS
TDS
Cd
Co
Cr
Cu
Fe
Mn
Ni
Pb
Zn
AA

Eigenvectors
0.16
0.35
0.31
-0.06
0.21
0.35
0.31
-0.09
-0.01
-0.18
0.31
-0.10
0.30
-0.10
0.31
-0.06
0.31
-0.06
0.22
-0.07
-0.07
-0.21
0.05
-0.14
0.28
-0.20
0.24
0.09
0.00
0.51
0.09
0.46
0.28
0.02
-0.07
-0.30
0.28
-0.04

Correlation
0.51
0.54
0.98
-0.10
0.66
0.54
0.98
-0.14
-0.03
-0.29
0.98
-0.16
0.95
-0.16
0.98
-0.10
0.98
-0.10
0.70
-0.10
-0.22
-0.33
0.15
-0.22
0.87
-0.31
0.76
0.14
0.00
0.79
0.29
0.70
0.89
0.04
-0.22
-0.47
0.89
-0.06
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Contribution %
2.61
12.25
9.61
0.42
4.39
11.98
9.52
0.79
0.01
3.40
9.49
1.07
9.07
1.08
9.61
0.41
9.61
0.41
4.92
0.43
0.50
4.45
0.21
1.96
7.60
3.97
5.74
0.88
0.00
26.28
0.83
20.74
7.86
0.06
0.49
9.26
7.93
0.15

squared cosines
0.26
0.29
0.01
0.96
0.29
0.44
0.02
0.96
0.00
0.08
0.03
0.95
0.03
0.91
0.01
0.96
0.01
0.96
0.01
0.49
0.05
0.11
0.02
0.05
0.10
0.76
0.02
0.58
0.00
0.63
0.08
0.50
0.00
0.79
0.05
0.22
0.00
0.80
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FIGURE 1
Scree plot of eigenvalues of principal components of soil and water with cumulative
variability explained by each component
Principal components of soil explained 43%
variation along x-axis (PC1:23%) and y-axis
(PC2:20%), while principal components of water explain 65% variation along x-axis (PC1:53%) and yaxis (PC2:12%) respectively. Among the studied
variables of soil Electrical conductivity, Iron, Zinc
and Affected Area were the most important variables
along x-axis while Organic Matter, Phosphorus, Potassium and Cadmium on y-axis which contributed

the most in variability (Table 2). Similarly in water
sample EC, TSS and TDS contributed the most on xaxis while Manganese and Nickel on y-axis (Table
3). Figure 2 shows that Alkhair Coal Mines, Salt and
Coal Mines, Munarah Coal Mines and Munarah
Hills are the site on extreme with respect to soil parameters while Salt and Coal Mines along with Jaba
Salt and Coal Mines with respect to water.

FIGURE 2
Principal component analysis of soil and water parameters; principal components of soil explain 43% variation along x-axis (PC1:23%) and y-axis (PC2:20%); principal components of water explain 65% variation along x-axis (PC1:53%) and y-axis (PC2:12%) respectively.
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FIGURE 3
Euclidean distance based agglomerative hierarchical clustering (AHC) using unweightedpair group
method with arithmetic mean (UPGMA) method among soil parameters (above) and locations (right)
around the heatmap of z-scores of each observation of the data. Histogram (top-right) of z-score highlights
frequency of observations with extreme z-values.
Figure 3 shows the distance between the soil
parameters as well as the study sites around the heat
map of z-scores for each observation. Among the
study site Jaba Salt and Coal mines are placed in one
group with 3 star and 4 star Coal Mines which are
together in close relation to another group which includes Munarah Coal Mines, Neela Wahan Fresh
Water Area, Hussian, Dubai, Kharli and 14-Number
Coal Mines. Another group includes Wahan, Haroon

and Hashim Coal Mines. Hairder and Shikri coal
mines along with Neela Wahan Salt Mines are
placed in a separate group. Moreover Munarah Hils,
Islam Coal Mines, Alkhair Coal Mines and Salt and
Coal mines were found to be the most dissimilar
sites. Figure 4 illustrates the distance based groups
of study sites and water parameters among which
Salt and Coal mines along with Jaba Salt & Coal
Mines, Wahan Coal Mines, Haroon Coal Mines and
Alkhair Coal Mines were the most dissimilar sites.

FIGURE 4
Euclidean distance based agglomerative hierarchical clustering (AHC) using unweightedpair group
method with arithmetic mean (UPGMA) method among water parameters (above) and locations (right)
around the heatmap of z-scores of each observation of the data. Histogram (top-right) of z-score highlights
frequency of observations with extreme z-values.
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sity and Response of Acclimatized Species to Mining Activity in Vanhar Valley, The Salt Range, Pakistan”.

DISCUSSION
pH of water was higher than 7.0 on all sites
which indicated Alkaline Mine Drainage. However
the lower pH of soils may be due to the presence of
Acidic Mine Drainage at an earlier time as for mines
draining lesser water or when water is left standing
in mines, its acidity increases [20, 21]. The high EC
values of water and soil indicates the presence of salinity stress along with coal mining. EC was no
doubt higher around salt mines but the average value
of EC across the mines is higher than the recommended values of EC for irrigation water by FAO
[22] which makes the mine water unfit for irrigation.
Ca+Mg shows the hardness of water which was also
marginally out of acceptable range for irrigation water by FAO [22] at a few sites. However the values
of bicarbonates were in acceptable range at all sites.
The maximum observed values of Sodium, chloride
and SAR were also higher than the recommended
values for irrigation water by FAO [22]. Among the
heavy metals Chromium, Iron and Manganese exceeded the maximum limits for fit irrigation water at
a few sites. However the average value of chromium
remained on border line while exceeded the limits in
the cases of Iron and Manganese. The same three
metals were found accumulated in soil in higher
amounts which pose a threat to biota. The presence
of these heavy metals in toxic amounts has been reported from many mine fields around the world [13,
23]. Plants have the ability to absorb and bioaccumulate such metals [13]. The grazing pressure in such
areas is also higher due to which a stern threat of entering the heavy metals in food chain prevails [14].
Moreover the affected area by Mine Drainage and
Mine Spoils is also high i.e. upto 15 km2, and the
water being unfit for irrigation is destroying large areas of fertile agricultural lands. The AHC among soil
and water samples shows a large variation among
study sites. The most dissimilar sites common in
both AHC graph were Salt and Coal Mines (The
largest coal field of the area containing large numbers of both salt and coal mines) and Alkhair Coal
Mines. Moreover the AHC also indicated that Munarah Hills was the most dissimilar site and has
lesser pollution which proves the role of coal mining
in polluting the area. Therefore keeping in view the
diversity among mining fields and higher level of
pollution, it is recommended that studies be made on
native vegetation of the area so that the affects of
mining pollution on vegetation and the occurrence of
hyperaccumulator plants may be assessed.
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MICROSCOPIC PORE THROAT CHARACTERIZATION
ANALYSIS OF TIGHT SANDSTONE RESERVOIRS IN He 8
MEMBER OF SULIGE GAS FIELD, CHINA
Qiansheng Wei, Yongqiang Guo, Shuai Chen, Kun Shi*, Wenpeng Li
No. 3 Gas Production Plant, Changqing Oilfield Company, PetroChina, Wushenqi Banner Inner Mongolia, 017300, China

ABSTRACT

INTRODUCTION

The tight sandstone oil and gas reservoirs in
China are distributed in a wide range. The areas
where oil and gas exploration has been achieved are
the Ordos, Junggar, Songliao, and Sichuan basins.
The Ordos Basin is currently the largest oil and gas
basin in China, with multiple sets of oil and gas layers in the longitudinal direction of the reservoir.
With the continuous deepening of exploration in recent years, the tight sandstones of the Upper Paleozoic Shihezi Formation in the Sulige Gas Field in the
Ordos Basin have shown good oil and gas and
formed a good scale of oil and gas exploration. Reservoir characteristics analysis is one of the important
tasks of oil and gas exploration. At present, it has
been found that the tight sandstone in He 8 Member
of Shihezi Formation has tight lithology and complex pore throat structure. It is difficult to effectively
evaluate the pore structure characteristics of cores
using conventional experimental analysis methods.
Therefore, in order to finely characterize the microscopic pore structure of tight sandstone reservoirs in
He 8 Member of the Sulige Gas Field, and provide a
theoretical basis for drilling and completion, and reservoir fracturing, this paper comprehensively applies
cast thin sections, field emission scanning electron
microscopy, high pressure mercury intrusion, and
nuclear magnetic resonance techniques to do a comprehensive analysis and research on the basic characteristics of tight sandstone reservoirs in the He 8
Member of the study area. The study shows that the
tight sandstone reservoirs in the study area have the
characteristics of low component maturity and high
structural maturity. The pore types are mainly secondary dissolved pores, and the pore combination
types are mainly intergranular pores-dissolved pores.

With the continuous improvement of global oil
and gas exploration theories, more and more excellent technical methods have been applied, and the accuracy has been continuously improved. The world's
oil and gas exploration fields have extended from
conventional oil and gas fields to unconventional oil
and gas fields. Tight sandstone gas resources in
China are widely distributed and have many types,
mainly in the Ordos, Junggar, Songliao and Sichuan
basins (Figure 1). The tight sandstone reservoir of
the He 8 Member in the Sulige Gas Field, Ordos Basin studied in this paper is rich in oil and gas resources, with reasonable source-reservoir-cap combination configuration and tight lithology. It is a typical tight sandstone reservoir [1-3]. The fine study of
microscopic pore throats of tight sandstone reservoirs is the key content of exploration and development. The characteristics of microscopic pore throats
of reservoirs mainly include pore throat size and distribution, pore throat connectivity, and pore throat
spatial geometry. Through the analysis of these factors, the storage performance and seepage capacity
of the reservoir can be further observed to guide the
oil and gas exploration methods [4-6].
Judging from the current research literature at
home and abroad, tight sandstone has attracted widespread attention from all over the world and has become a hot spot in the world's oil and gas exploration
research. Tian et al. [7] and others believe that the
microscopic pore structure characteristics of tight
sandstone reservoirs are the main factors affecting
the reservoir fluid storage performance and oil and
gas resource development. Zhu et al. [8-9] used XCT scanning imaging technology to visually reflect
the characteristics of the microstructure inside the
rock to determine the pore throat shape and connectivity. The characteristics of tight sandstone reservoirs and conventional sandstone reservoirs are
shown in Table 1. In general, the research and exploration of tight sandstone gas in China started relatively late and has huge development prospects. According to the mercury intrusion data of typical samples of tight sandstone in China, more than 75% of
the tight sandstone has a median pore throat radius

KEYWORDS:
Tight sandstone, reservoir pore structure, Upper Paleozoic,
Sulige Gasfield, Ordos Basin
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RIOHVVWKDQȝPDQGLWVFKDUDFWHULVWLFVDUHYHU\GLI
ferent from those of conventional sandstone reservoirs. From the data of previous studies, tight sandstone gas reservoirs in the study area have pore
WKURDWVDERYHȝPDFFRXQWLQJIRUZLWKWKH
PDLQGLVWULEXWLRQUDQJLQJIURPWRȝP7KHPDLQ
pore type is secondary dissolved pores, including intergranular pores and intragranular dissolved pores,
followed by remaining intergranular pores, clay mineral crystals pores, and a few micro cracks.
At present, the techniques used for micropore
throat analysis of tight sandstone reservoirs mainly
include cast thin sections, field emission scanning
electron microscopy, laser confocal technology, micro-nano CT technology, high-pressure mercury injection technology, and nuclear magnetic resonance
technology [10-@)URPWKHUHVHDUFKOLWHUDWXUHWKH
predecessors mostly used single or two test methods
to study the pore throats of tight sandstone reservoirs.
Due to the accuracy limitations of each test method,
it is impossible to achieve a multi-scale comprehensive characterization of the microstructure of the
study area. Pore throats have affected the understanding of the microscopic pore throat size distribution in this area, and thus restricted the exploration

and development process in this area. The principles
and assumptions of various experimental techniques
are different, so the conclusions drawn are different
[13]. The testable range and accuracy of different
test technologies are different. Only the comprehensive application of multiple analysis and test methods can accurately characterize the microscopic pore
throat distribution of tight sandstone, thereby effectively reducing test errors.
Therefore, comprehensively deepening the micro pore throat of tight sandstone through a variety
of experimental analysis is the key to understanding
tight sandstone reservoirs. In order to deeply explore
the microscopic pore throat characterization of tight
sandstone reservoirs in the He 8 Member in the
Sulige Gas Field, Ordos Basin, this paper conducts
sampling and analysis of cores in the study area. Nuclear magnetic resonance technology analysis and
field emission scanning electron microscopy analysis and other techniques are used to qualitatively
characterize the size and distribution of pore throats
and pore throat connectivity in the tight sandstone
reservoirs.

FIGURE 1
Regional location map of six major petroliferous basins in China.
TABLE 1
Comparison of characteristics of tight sandstone reservoirs and conventional sandstone reservoirs
Characteristic
Tight sandstone reservoir
Conventional sandstone reservoir
Diagenetic evolution
Middle and late diagenesis
Before mid-diagenesis
Pore throat connec- Punctate, flaky throat, poor connectivity
Short throat, good connectivity
tivity
Porosity/%
4~14
a
Water saturation/%
46~75
a
Rock density /
a

Capillary pressure
High
Low
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TABLE 2
Statistics of pore composition of tight sandstone reservoirs in the He 8 Member in
Sulige Gas Field, Ordos Basin
Pore combination /%
PorosFormation
Number of samples
Intergranular pores Dissolved pore Intercrystalline pores Microcracks Oth- ity/%
He 81
He 8
He 83

0.67

1.58

0.79

0.88

0.05
0.06
0.07

METHODS AND MATERIALS

0.03
0.05
0.04

0.01
0.01
0.01

1.87

1.59


675


Experimental method. (1) Characterization
of pore throat size of cast thin sections. Cast thin
section is the first choice for the study of reservoir
characterization methods. It can mainly observe and
describe the composition, structure, diagenesis and
pore characteristics of rocks. In this study, it can be
used to characterize the size and distribution of micron pores in tight sandstone [18-19]. Through the
observation of the casting thin section and scanning
electron microscope, it is found that the clastic particles of the He 8 Member in the study area are mainly
in linear contact. The main types of tracts are point,
sheet-like throat and curved sheet-like throat. Bundle-like throat is relatively underdeveloped in the
study area ()LJXUH).

The study of tight sandstone reservoirs is the
key to the exploration and development of tight
sandstone oil and gas resources. China defines tight
sandstone reservoirs as sandstone reservoirs with
RYHUEXUGHQPDWUL[SHUPHDELOLW\P' DSSUR[L
PDWHO\ HTXLYDOHQW WR DLU SHUPHDELOLW\  P' 
Tight sandstone reservoirs are tight in lithology, generally siltstone or very fine siltstone. Tight sandstone
reservoirs have poor physical properties, with porosity generally less than 10%- DQG SHUPHDELOLW\
less than 01×10-3ȝP. Compared with conventional
reservoirs, tight sandstone reservoirs have developed
multi-scale pore throat systems with strong heterogeneity. The pore throats are very small, and two
large pore throat systems at the micron or nanometer
level are mostly developed. The tight sandstone reservoir of the He 8 Member in the Sulige Gas Field,
Ordos Basin has a complex pore structure and a wide
pore size distribution range [14-16]. There are both
micron-scale pores and nano-scale pores, showing
the characteristics of multi-scale development.
Based on this, this paper combines casting thin slices,
field emission scanning electron microscopy, highpressure mercury injection technology, nuclear magnetic resonance technology and other analysis and
testing methods to finely characterize the micro pore
throats of the tight sandstone reservoirs in the He 8
Member . Existing research data can calculate the
specific proportions of various pores in tight sandstone reservoirs in the study area as shown in Table
.

FIGURE 2
The size and distribution of pore throats under
the cast thin section.
According to the casting thin section data, it is
found that the He 8 Member in Sulige Gas Field, Ordos Basin mainly develops dissolution pores, followed by remaining intergranular pores. The pore
size distribution range of different pore types is different >@. Through statistics of the pore size distribution of all samples, it is found that the pore size
GLVWULEXWLRQUDQJHRIGLVVROXWLRQSRUHVLVaȝP
and the pore size distribution range of the remaining
LQWHUJUDQXODU SRUHV LV aȝP ,Q JHQHUDO the
pore throat size range that can be identified by cast
WKLQILOPVLVaȝPEXWWKHQXPEHURIODUJHSRUH
pores in the sample is very small, and the pore throat
diameter of the main pores is distributed in the range
RIaȝP'XHWRWKHORZUHVROXWLon of ordinary

Experimental materials and equipment. The
core samples used in this experiment were taken
from tight sandstone reservoirs in the He 8 Member
in Sulige Gas Field, Ordos Basin. The experimental
reagents include colored liquid glue used for casting
thin section technology. The equipment used in the
experiment includes field emission scanning electron microscope and optical microscope [9, 17]. The
specific experimental equipment used for high-pressure mercury intrusion technology is the AutoPore
,9 PHUFXU\ LQWUXVLRQ SRUH DQDO\]HU SURGXFHG
by Micromertics of the United States, with the highest test pressure of 414 MPa. The specification
model of the field emission scanning electron microscope equipment is Thermo Fisher (FEI) Apreo.

450

© by PSP

Volume 30– No. 01/2021 pages 448-456

Fresenius Environmental Bulletin

optical microscopes, it is difficult to detect pores below the micron level under the cast thin slices. The
identified pores are mostly isolated, which has a certain impact on the fineness.

Zhong Dakang et al. found through field emission
scanning electron microscope that the study area, the
pore size of the tight sandstone reservoirs in the area
is basically nanometer-VFDOH>-@7KHSRUHW\SHV
include mud-grade clastic intergranular pores, feldspar intragranular pores, clay mineral intercrystalline
micropores and mica micropores. The pore diameter
UDQJHVIURPȝPWRȝP7KHSHDNRIGHYHORS
PHQW LV DURXQG ȝP %\ UHIHUULQJ WR WKH H[SHUL
mental data of the predecessors and comparing with
the data obtained in this article, it is found that the
qualitative and semi-quantitative research on the
study area in this study is more consistent with the
previous research results.

(2) Field emission scanning electron microscope to characterize the size and distribution of
pore throats. Field emission scanning electron microscopy can not only qualitatively characterize the
microscopic pore throat type and pore throat connectivity, but also quantitatively characterize the number and size distribution of pore throats. Combining
the field emission scanning electron microscope and
the argon ion profiling technology, the experimental
samples are sliced and continuously scanned to obtain the microscopic pore throat structure image, so
that the nano-scale pores in the sample can be clearly
REVHUYHGDQGWKHDFFXUDF\FDQUHDFKȝP Figure
3). Although this method can observe micro-nanoscale pores, the disadvantage of this method is that
the statistical representation of the pore throat distribution is poor, the test time is relatively long, and the
application is relatively limited.
A total of 70 scanned samples were launched at
the test site. From the overall appearance of each
sample, the lithology is dense and the pores are not
developed. After increasing the magnification, we
can find extremely abundant micro-nano-scale pores
in the sample >@. Among them, there are a large
number of dissolved pores, occupying the largest
pore volume, with a pore size distribution between
DQG ȝP7KHLQWHUJUDQXODUSRUHVDUHWKHVHF
ond, and the pores are often Filled with cements such
as chlorite and illite, the pore diameter ranges from
WRȝP$OWKRXJKWKHQXPEHURILQWHUFU\VWDO
line pores of clay minerals is large, the volume is
small, and the pore diameter is generally less than
ȝP (Table 3).
In general, the microscopic pore size distribution range of the sample observed by the field emisVLRQ VFDQQLQJ HOHFWURQ PLFURVFRSH LV aȝP
WKH PDLQ GLVWULEXWLRQ LV EHWZHHQ aȝP DQG
WKH SHDN SRUH VL]H LV ȝP <RX <XDQ HW DO FRQ
ducted a large number of SEM experiments on tight
sandstone samples from He 8 Member in the study
area and obtained information such as pore characteristics, pore radius, and number of pore throats.

FIGURE 3
Image of some micro-nano-scale pores in tight
sandstone reservoirs of the He 8 Member in
Sulige Gas Field, Ordos Basin.
(3) Research on microscopic pore throat
structure by high pressure mercury intrusion
method. High-pressure mercury injection is one of
the most important methods to study the pore-throat
structure characteristics of tight sandstone reservoirs.
Although high-pressure mercury intrusion can directly observe pores without casting thin slices, field
emission scanning electron microscopy, and image
analysis, it can not only obtain reservoir pore throat

TABLE 3
Pore sizes and types of tight sandstone reservoirs in the study area
Pore characteristics
Pore characteristics Pore radius
Pore type Number of pore throats
Pore radius

Pore type Number
of pore throats

Macropores
Mesopore
Small pores

!ȝP
aȝP
aȝP

Ntergranular pores, feldspar solution pores

less
less
many

Microporosity

aȝP

Intergranular pores, dissolved feldspar pores,
intercrystalline pores of clay minerals

More

Nanopore

ȝP

Intergranular pores, dissolved feldspar pores,
intercrystalline pores of clay minerals

Very rich
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TABLE 4
Statistical analysis of high-pressure mercury intrusion experiment
Maximum
Median pres- Median raPermeabil- Drainage presPorosity
pore throat
sure
sure
dius
ity
radius
/%
/MPa
/MPa
/ȝP
/(mD)
/ȝP

0.0044


75.5661

5.78
1.9500


18.7550

7.95
0.0185

0.1155

0.0355
14.50
1.9800

0.1687





0.3145
/
/


1.3546


0.0070


0.5491





characteristics and size distribution, but also qualitatively obtain the connectivity between reservoir
pores >@. The process of injecting mercury is the
process of obtaining the pore radius through capillary pressure. Each pressure point of the sample represents a capillary pressure passing through the pore
throat, and the microscopic is obtained by calculation. The pore throat radius can also calculate the
throat volume and the pore throat volume of the pore
under the control of the throat.
Through the relationship between mercury inlet
saturation and mercury inlet pressure, the capillary
pressure curve of the sample can be obtained, and the
distribution law of the pore throat radius of the rock
sample can be obtained. The capillary pressure curve
represents the relationship between mercury inlet
saturation and capillary pressure. The capillary pressure can be converted into the pore throat radius by
calculation. Therefore, the capillary pressure curve
can reflect the size distribution of reservoir pore
throats. According to the high-pressure mercury intrusion experiment, the mercury intake corresponding to each capillary pressure is obtained >-@.
The capillary pressure curve of a rock sample not
only represents the pore size distribution and pore
throat volume distribution, but also expresses the
connectivity between pores and throats, as well as
the relationship between reservoir porosity and saturation.
Combining Table 4 and Figure 4, the capillary
pressure curve is more inclined to the upper right,
indicating that the throat type is micro-throat. In addition, most of the curves have good plateau sections
or near plateau sections, indicating the pore throats
of these samples have good sorting performance, and
the sorting coefficient is distributed in the interval of
a,QDGGLWLRQWKHVDPSOHKDVDKigher
displacement pressure, with a distribution range of
a03D )URP WKH DERYH VHULHV RI SD
rameters, it can be seen that the reservoir performance and seepage capacity of the tight sandstone
reservoir in the study area of this article are poor, and
the pore throat type is a combination of microporemicro throat pore structure.

68.5641

0.0158

Sorting coefficient
1.0585
1.6576
1.1545
1.8865
1.6603

1.7681

FIGURE 4
Sample capillary pressure curve.
(4) Quantitative characterization of microscopic pore throat characteristics by NMR technology. Nuclear magnetic resonance technology has
been widely used in the field of petroleum exploration and development. Nuclear magnetic resonance
core analysis technology is a new method that has
rapidly developed in recent years to study reservoir
pore characteristics. Capillary pressure information
obtained from nuclear magnetic resonance T distribution is used to evaluate rock pore throat characteristics. One of the unique advantages of NMR technology is that it is fast, non-destructive, and repeatable >@. It can achieve high-precision measurement
of micro-nano-scale pores in tight sandstones, and it
can also meet the needs of large-scale and continuous testing in tight reservoir evaluation.
The theoretical basis of NMR T spectrum
characterization of pore distribution lies in the fact
that in the study of tight sandstone reservoirs, core
samples are evacuated and saturated with singlephase fluid-salt water. When the core samples containing salt water are in a static magnetic field, the
hydrogen nuclei in the pore space will be polarized
and forming a magnetization vector. When the applied field is removed, the signal that the amplitude
of the relaxation motion of the hydrogen nuclei in the
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pore space decays exponentially with time can be received. The parameter generally used to describe
how fast the signal decays is the transverse relaxation time T.
According to the analysis results of core highpressure mercury intrusion, it is shown that the pore
throat radius distribution obtained by NMR T spectrum conversion is similar to the pore throat radius
distribution obtained by high-pressure mercury intrusion. Therefore, in this paper, the amplitude of the
NMR T spectrum signal is normalized first, and
then accumulated from the large pores to the small
pores to obtain a cumulative curve. Then we continue to accumulate the high-pressure mercury injection pore throat radius data from right to left and obtain the high-pressure mercury injection pore throat
radius accumulation curve (Figure 5). After obtaining the NMR T spectrum accumulation curve and
the high pressure mercury injection pore throat radius accumulation curve, the pore throat radius range
obtained by high pressure mercury injection is selected to limit the comparable interval of the two

types of curves, so as to ensure the consistency of the
high pressure mercury injection pore throat radius
distribution and NMR Tspectrum.
From the chart drawn, the pore throat distribution curve obtained by high-pressure mercury intrusion and nuclear magnetic resonance is in good
agreement in shape, indicating that the conversion
coefficient selected in this paper is reasonable and
the obtained pore throat distribution is basically accurate (Figure 6). After comparing the two methods,
it is found that on the left part of the small pores, the
pore throat radius measured by the NMR method is
significantly larger than the pore throat radius distribution measured by the high pressure mercury intruVLRQPHWKRG>@%\FRPSDULQJWKHGDWDDQGJUDSKV
obtained by high-pressure mercury intrusion and nuclear magnetic resonance technology, it can be
known that the pore throat radius measured by nuclear magnetic resonance method is significantly
larger than the distribution range of pore throat radius measured by high-pressure mercury intrusion.
This is because the high-pressure mercury intrusion

FIGURE 5
Sample NMR T2 and right cumulative curve.

FIGURE 6
Comparison of pore throat distribution curves between sample high-pressure mercury intrusion and
nuclear magnetic resonance.
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technology is limited by the mercury inlet pressure,
which cannot detect the fine pores in the sample.
Therefore, NMR technology has unique advantages
in measuring the size distribution of reservoir micropores. However, it is worth mentioning that, because nuclear magnetic resonance technology cannot
reflect the microscopic pore-throat connectivity of
the reservoir, a variety of analysis and testing methods must be combined to accurately characterize the
micro-pore throat of the reservoir.

are the microscopic manifestation of physical properties. Combined with high-pressure mercury intrusion data, samples with good oil content have a
larger median pore radius and lower drainage pressure, having stronger percolation capacity. Samples
with poor oil content have a smaller median radius
of pores, and their drainage pressures will be relatively small. The permeability of the reservoir is relatively weak, which further shows that the microscopic pore throat characteristics of the reservoir
have an important control effect on the oiliness of the
reservoir.

RESULTS
Technical analysis. The microstructure of tight
sandstone reservoirs generally develops two large
pore throat systems at the micron level and nano
level. The pore throat size is distributed in a large
range and the heterogeneity is strong. Because the
micro pore throat structure is quite complex and each
test method certain limitations due to the precision
of the equipment, there is no single technology that
can accurately characterize the microstructure alone.
The flow of fluid in porous media is mainly affected
by the characteristics of the pore throat structure.
Nuclear magnetic resonance technology can be used
to test the flowable body in the rock sample to obtain
the saturation of the flowable body, which is an effective method to reveal the microscopic pore throat
characteristics of the sample in the study area. In addition, the pore throat structure directly affects the
difficulty for crude oil to enter the reservoir. Fluorescence analysis of multiple samples with different
permeability in the study area through the casting
thin section and nuclear magnetic resonance test
analysis, combined with the high-pressure mercury
intrusion data, can reflect the pore structure of the
reservoir and the control effect on oil and gas from
the side.
In general, this paper adopts a variety of techniques. Through the characterization results of the
pore throat characteristics of tight sandstone reservoirs in the He 8 Member, it is found that various
microscopic pore throat characterization techniques
have their own characteristics. Through casting thin
sections, it is found that the pore types of the reservoirs in the study area are mainly dissolution pores,
including intergranular pores and intragranular pores.
Through field emission scanning electron microscopy, we found extremely abundant intercrystalline
pores of clay minerals in the samples of the study
area. Through high-pressure mercury injection technology and nuclear magnetic resonance technology,
the finer pore throat has been characterized more
finely. Specifically, combined with the adjacent area
NMR sample data, it is obtained that the average
value of the movable fluid saturation of the reservoir
LQWKLVVWXG\DUHDLVVOLJKWO\JUHDWHUWKDQVR
the bound fluid saturation in the reservoir is high.
The movable fluid saturation and the permeability
has proportional correlations, indicating that the

Reservoir lithology and mineral composition.
The reservoir lithology of the He 8 Member in Sulige
Gas Field, Ordos Basin is mainly light gray finegrained feldspar sandstone or lithic feldspar sandstone, followed by fine-medium grain and mediumfine grain feldspar sandstone or lithic feldspar sandstone. The main mineral component is feldspar, with
DQDYHUDJHFRQWHQWRI4XDUW]LVIROORZHGE\
DQDYHUDJHRIDQGWKHDYHUDJHFRQWHQWRIFXW
tings is 9.5%. The debris particles are relatively uniIRUPWKHPDLQVL]HLV aPP WKHVRUWLQJLV
good, and the roundness is sub-edge-sub-circle. The
particle contact is mainly linear contact, and the cementation type is mainly porous, which is pore-film
type. The tight sandstone reservoirs of the He 8
Member RIWKH7ULDVVLF<DQFKDQJ)RUPDWLRQLQWKH
study area are characterized by low component maturity and high structural maturity.
Reservoir porosity, pore type and physical
properties. The main types of pores developed in the
tight sandstone reservoirs in the study area are dissolved pores, including feldspar dissolved pores and
lithic dissolved pores, accounting for about 40% of
the total borehole ratio, followed by the remaining
intergranular pores, accounting for about 38% of the
total borehole ratio. There are also a large number of
intercrystalline pores of clay minerals, but the proportion of the total volume is small. In addition, a
certain number of microcracks are developed in
some layers.
The porosity of the tight sandstone reservoirs in
the study area ranges from 0.9 to 16.6%, with an average of 5.98%, and the permeability ranges from
0.015 to 4.85x10-3ȝPZLWKDQDYHUDJHRI[103
ȝP. The porosity of tight sandstone reservoirs in
the study area generally belongs to the range of ultralow porosity to ultra-low porosity. The permeability
of samples with good oil content is relatively large,
and the intergranular pores and dissolved pores are
relatively developed. The permeability of samples
with poor oil content is relatively small, its compaction effect is strong. The content of interstitial material is higher, and the dissolution effect is less development. The characteristics of reservoir pore throat
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tight sandstone reservoirs of He 8 Member of the
Shihezi Formation in the study area have low movable fluid saturation and poor seepage capacity.
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CONCLUSIONS
(1) A single technology cannot accurately characterize the microscopic pore throats of the reservoirs in the study area. In this paper, a variety of
technical methods including cast thin slices, field
emission scanning electron microscopy, high-pressure mercury intrusion, and nuclear magnetic resonance have been used to gain a more in-depth understanding. The microscopic pore types of the reservoir
can be qualitatively characterized by casting thin
slices, and extremely rich intercrystalline pores of
clay minerals are found in the samples of the study
area by field emission scanning electron microscopy.
Through the high pressure mercury injection technology and nuclear magnetic resonance technology,
the finer pore throat has been characterized.
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tight sandstone reservoirs in the study area are dissolved pores, including feldspar dissolved pores and
lithic dissolved pores, followed by remaining intergranular pores. There are also many clay mineral intercrystalline pores, but they account for small proportion of the total volume. In addition, there are a
certain number of micro-cracks in some layers. The
porosity of tight sandstone reservoirs in the study
area generally belongs to the category of ultra-low
porosity to ultra-low porosity.
(3) The oiliness of the reservoir is affected by
the physical properties, and the pore throat structure
directly affects the difficulty of crude oil entering the
reservoir. This paper combines fluorescence analysis
and nuclear magnetic resonance analysis to fully illustrate the control effect of the micro-pore throat of
the He 8 Member in the study area on the oiliness of
the reservoir. The better the reservoir porosity, the
higher the permeability, the larger the pore median
radius, the lower the displacement pressure, the better the oil-bearing capacity of the reservoir. The tight
sandstone reservoirs in the study area have strong
heterogeneity and a wide range of pore diameters,
resulting in large changes in reservoir oiliness, welldeveloped pores and throats, and good oiliness.
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getting higher and higher. The increase in the difficulty of target detection in marine environment puts
forward higher requirements on the method of target
detection in marine environment [4-5].
The previous proposed an image detection
method for marine environment targets based on a
deep collaborative sparse coding network [6]. This
method can extract the contour features and texture
features of the image, and segment the image. The
detection of marine target images is realized by inputting the features of super pixel blocks in the network. However, this method is difficult to accurately
obtain the target trail, and there is a problem of low
image clarity. Chen et al. [7] proposed an image detection method for marine environment targets based
on modal function feature spectrum. This method
uses empirical mode to decompose the radar echo,
and then extract the characteristic spectrum of the inner membrane component. The detection of the target image of the marine environment is realized according to the characteristic spectrum among the
various inner membrane functions. However, the target trail obtained by this method has low contrast,
and there is a problem of large detection error. Sun
et al. [8] proposed an image detection method for
marine environment targets based on multi-source
remote sensing satellites. This method uses adaptive
threshold segmentation and multi-scale morphological filtering to perform target pre-detection on the
image, and can combine geographic location information and pre-detection results to determine the
candidate target area of the image, thereby realizing
the detection of target images in the marine environment. However, this method cannot improve the
contrast of the target trail in the image, and has the
problem of low image clarity.
In order to solve the problems in the above
methods, in this paper, we propose a detection
method for marine environment target images based
on Radon transform and feature space decision-making.

ABSTRACT
When the traditional method is used to detect
the target image of the marine environment, the contrast of the target wake cannot be improved. That is,
the definition of the target image is low and the detection error is large. In order to overcome this shortcoming, in this paper, we propose a target image detection method for marine environment based on Radon transform and feature space decision. This
method uses the average gray value of the image to
replace the target part, and improves the contrast of
the target trail by segmenting the target image and
normalizing the grayscale Hough transform of each
sub-image. The Radon transform coefficients in the
image are processed by thresholding, and the peak
points in the image are extracted and matched with
the wavelet transform peaks. We input the extracted
parameters in the feature space to make decisions, so
as to realize the detection of the target image of the
marine environment. The experimental results show
that the detection image of the proposed method has
high definition and small detection error, and the detail retention rate of the target wake image is higher,
which provides a reliable basis for related fields.

KEYWORDS:
Marine environment target, Radon transform, Feature
space decision, Wake contrast, Image detection

INTRODUCTION
Marine issues involve marine search and rescue, sea area detection, marine safety, marine rights
protection, protection of islands, and environmental
protection. It is necessary to strengthen management
and overall planning for the above issues [1-3]. The
maritime trade has been increasing in recent years,
and the number of air crashes has also increased.
Therefore, it is necessary to find marine search targets in time and accurately. At this time, the requirements for anti-interference ability, accuracy and
speed of target detection in marine environment are
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MATERIALS AND METHODS
straight line2

Preprocessing of target image in marine environment. Hough transform is widely used in computer vision and image processing, including boundary extraction, ellipse detection, and line detection
[9-10]. The definition of Hough transform in two-dimensional Euclidean space is as Eq. (1):

f (T , U )

Nc
straight line1

³ ³ F ( x, y )

H {F }

D

Wake

G ( U  x cos T  y sin T )dxdy

(1)
,QWKHIRUPXODșUHSUHVHQWVWKHDQJOHEHWZHHQ
the x-D[LVDQGWKHQRUPDORIWKHVWUDLJKWOLQHȡUHS
resents the distance between the straight line and the
origin; x-y represents the two-dimensional Euclidean plane; D represents the entire x-y plane, that is,
the entire target image area; F(x,y) represents the
gray value corresponding to the point (x,y) in the tarJHWLPDJHįUHSUHVHQWVWKH'LUDFIXQFWLRQ
7KHFXUYHLQWKHș-ȡSODQHFRUUHVSRQGVWRWKH
point in the x-y plane. The schematic diagram of
Hough transform is as follows Figure 1:
y

NZ
FIGURE 2
Analysis of target wake characteristics.
In the formula (2) 1 șȡ  UHSUHVHQWV WKH WRWDO
number of pixels existing in the geometric straight
line corresponding to the straight line.
When normalized Hough detects the entire target image, the average value of the pixels existing in
the line where the target wake is located is the value
RI WKH WDUJHW ZDNH WUDQVIRUPHG LQWR WKH ș-ȡ SODQH
The gray contrast between the trail and the rest of the
lines will be affected by the dotted line in the image
[14-15].
Let E(x) represent the mean value corresponding to ocean clutter, and its calculation formula is as
Eq. 3:

U
U0
U0

T0
o

o

x

T0

T

FIGURE 1
Principle of Hough transform.

E ( x)

In the formula (1), F(x,y) represents the gray
value corresponding to the pixel (x,y). The cumulative gray value of all pixels in the geometric straight
line FRUUHVSRQGLQJ WR WKH PLGSRLQW șȡ  LQ WKH [-y
SODQHFDQEHREWDLQHGE\WUDQVIRUPLQJWKHș-ȡSODQH
YDOXHI șȡ 7DUJHWGHWHFWLRQFDQEHFKDQJHGWRWKH
YDOOH\SRLQWRUSHDNYDOXHH[WUDFWHGLQWKHș-ȡSODQH
through the gray contrast characteristic of the target
trail [11-12]. The above linear gray scale accumulation method usually has errors due to different linear
lengths. The target trail characteristics are shown in
Figure 2.
The lengths of the two lines in Figure 2 are not
the same. We use line 1 to describe the real target
wake. The value of the transformed point of line 2 is
smaller than the value of the transformed point of
line 1. Therefore, the detection result of line 2 is not
accurate [13]. In order to solve the above problems,
the normalized Hough transform detection algorithm
is used to average the values of the transform domain
Eq. (2):

h(T , U )

H {F }

(3)

When detecting the target image, the ratio coefficient existing between the target wake line and
the remaining lines can be calculated by the following formula [16].
Let Conall represent the ratio coefficient corresponding to the bright wake, and its calculation formula is as Eq. 4:

Conall

N w  P w  N c  E ( x)
N  [ P  E ( x)]
1 w w
( N w  N c )  E ( x)
( N w  N c )  E ( x)
(4)

,Q WKH IRUPXOD   ȝZ UHSUHVHQWV WKH DYHUDJH
gray value corresponding to the true trail of the target. The calculation formula of the corresponding ratio coefficient in the dark trail is as follows Eq. (5):
( N w  N c )  E ( x)
N c  [ E ( x)  P w ]
Conalla
1
N w  P w  N c  E ( x)
N w  P w  N c  E ( x)
(5)
In the formula, Nc represents the number of
pixels corresponding to the wake of the linear sea
clutter part; Nw represents the number of pixels in
the true wake part.

³ ³ F ( x, y )
D

G ( U  x cos T  y sin T )dxdy / N (T , U )

³ xf ( x)dx

(2)
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In the process of target image detection in marine environment, the contrast enhancement factor of
target wake can be calculated by the formulas Eq. (6)
- Eq. (7):

Conimprove
Conimprove

Consplit
Conall
Consplit
Conall

P w  E ( x)
P w  E ( x)

(6)

E ( x)  P w
| 1
2Pw

(7)

|

CWTs (a, b)

1 f
ªU bº
s ( U )\ * «
dU
³
| a | f
¬ a »¼
(8)

In the formula, * means complex conjugate;
ȥ ȡ PHDQVEDQGSDVVIXQFWLRQ
The detection steps are as follows:
For the peak point existing in the Radon transform domain ART, take it as the center and obtain a
one-GLPHQVLRQDODUUD\VP ȡ LQWKHȡGLUHFWLRQ$F
cording to the amplitude value corresponding to the
peak point, the waveform VHTXHQFH ^VP ȡ +P`
m=1,2 L, Mmax can be obtained.
1RUPDOL]H WKH ZDYHIRUP VP ȡ  VR WKDW WKH
waveform has unit energy.

Formula (6) is the corresponding ratio increase
factor when the wake is bright, and formula (7) is the
corresponding ratio increase factor when the dark
wake is used. When the target trail is a bright trail,
>ȝZ-E(x)]>0. Through the above analysis, it can be
known that the ratio improvement factor Conimprove>1 [17]. Through the above process, the contrast of the target trail is improved.

Select the wavelet function. Calculate the
wavelet function and continuous wavelet transform
of the waveform, select the maximum value of the
continuous wavelet transform amplitude in scale and
displacement, and record it as W1,m. Among them,
m represents the sequence number corresponding to
the current processed waveform; l represents the sequence number corresponding to the wavelet. The
maximum sequence of continuous wavelet transform
obtained by using different wavelet functions is the
output corresponding to the peak point, namely
{W1,m,W2,m,L,WL,m}.
The amplitude value corresponding to the peak
point existing in the Radon transform domain ART
and the maximum sequence of continuous wavelet
transform are used as the input of the decision-making algorithm.

Target image detection in marine environment. (1) Radon transform. In the Radon transform
domain, every linear feature in the target image can
be mapped to a sharp peak. The detection method of
marine environment target image based on Radon
transform and feature space decision can perform
threshold operation in Radon transform domain ART
to achieve the first detection and output peak sequence. There are some false peaks caused by noise
or natural factors in the acquired peaks. At the same
time, it also has a real peak formed by the linear feature of the real target wake [18]. The process of using
Radon transform to detect marine environment target
images is as follows:
First, input the target image of the marine environment, calculate the Radon change corresponding
to the image, determine the discretization parameters
1șDQG1ȡDQGFDOFXODWHWKH5DGRQWUDQVIRUPGR
main ART.
The threshold coefficient T is set, and the Radon transform domain ART is thresholded through
the coefficient T to obtain a sequence of Mmax Radon transform peak points. It is based on the ampliWXGH+PDQGFRRUGLQDWHV ȡPșP RIWKHSHDNSRLQW
sequence in the Radon transform domain ART, and
LV UHSUHVHQWHG E\ WKH VHTXHQFH ^ȡP șP +P`
Where m=1,2,L, Mmax. If the Radon transform coefficients are all lower than the threshold T, then exit.
In the Radon transform space, the peaks formed
by the linear features of the real target's wake correspond to the same shape. At this time, measure the
matching degree between the ideal peak value and
the selected peak value, and use it as a measure to
measure the peak reliability [19].
6HWWKHVLJQDOV ȡ WRGHVFULbe the one-dimensional peak "cross section". The continuous wavelet
WUDQVIRUPRIWKHVLJQDOV ȡ FDQEHGHVFULEHGE\WKH
formula Eq. (8):

Make decisions in feature space. In order to
determine whether the peak value is caused by natural factors or noise or is formed by true linear features, the maximum value of continuous wavelet
transform can be used as a reliability measurement.
The information obtained by different wavelet functions is different, and the peak amplitude has more
relevant information in the Radon transform domain
ART. For the information existing in the maximum
value of continuous wavelet transform, if more
wavelet functions are used, it will increase the difficulty of information decorrelation [20-22].
Based on Radon transform and feature space
decision-making, the detection method of marine environment target image selects Mexican hat wavelet
and Gaussian wavelet. We set the coordinate variables G, M, H. Among them, G represents the maximum value of continuous wavelet transform obtained when Gaussian wavelet is used. M represents
the maximum value of continuous wavelet transform
obtained when Mexican hat wavelet is used. H represents the modulus of the peak amplitude in the Radon transform space [23].
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Set the decision function to f, then all variable
information exists in the decision function, namely
Eq. (9):

DF

f (G, M , H )

traditional methods and the proposed method are
used to perform image detection processing on these
100 trail images, and the image detail retention rate
after processing is compared. The specific experimental results are shown in Figure 3.

(9)

Define the threshold value A to judge whether
the peak value belongs to signal clustering. DF=A is
the surface existing in the feature space, which describes the boundary of noise and signal clustering
[24-25]. The definition of function f and threshold
value A can be determined by decision-making performance, where function f describes the type of
boundary surface. The threshold value A can be determined by experiment.
The decision steps in the feature space are as follows:
The peak amplitude and wavelet maximum sequence {Gm, Mm, Hm} are used as the input of the
algorithm.
Choose the appropriate threshold value A and
decision function DF (G, M, H).
The normalized amplitude Hm and the maximum value Hmax are limited to the interval [0,1].
Calculate the DF value of each element in the sequence Eq. (10):

DF ,m

DF (Gm , M m , H m )

100

The proposed method
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Literature [7] methods
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FIGURE 3
Comparison of image detail information retention rate of different methods.
According to the experimental data in Figure 3,
the method of reference [6] and the method of reference [7] after the contrast enhancement processing
of the image, the image detail retention rate is probably in the range of 40% to 70%. In contrast, the research method has a more stable image detail retention rate. During the entire experiment, with the increase in the number of test images, the image detail
retention rate maintained at 80%-95%. This set of
data shows that the practical application effect of the
research method is better.

(10)

For all m, if the value of DF,m is greater than
the threshold value A, the linear characteristic of the
target wake is obtained. The detection of the target
image in the marine environment is achieved
through the linear feature of the target wake.

RESULTS

Image sharpness comparison test under different methods. Comparing the image clarity of different methods, the test results are shown in Figure
4.

In order to verify the overall effectiveness of
the marine environment target image detection
method based on Radon transform and feature space
decision-making, it is necessary to test the marine
environment target image detection method based on
Radon transform and feature space decision-making.
This test was completed in the Simulink platform.
The marine environment target image detection
method based on Radon transform and feature space
decision-making (the proposed method), the marine
environment target image detection method based on
the deep collaborative sparse coding network (the
method of reference [6]) and the feature spectrum
based on modal function. The target image detection
method of marine environment (the method of reference [7]) was tested.
Comparison of the effect of target trail image
detail retention with different methods. In order to
verify the effect of the research method on the retention of detailed information of the wake image, an
experiment was designed. The 100 trail images in the
experiment came from the ImageNet database. Two
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FIGURE 4
Image clarity of different methods.
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Analysis of the data in Figure 4 shows that the
image clarity obtained in multiple iterations of
method 1 is above 80%, the image clarity of method
2 in the second iteration is as low as 40%, and
method 3 is in the first iteration. The sharpness of the
image is as low as 30%. By comparing the test results
of different methods, it can be seen that the image
clarity of method 1 is higher. This is because this
method uses Hough transform to process the target
image of the marine environment in combination
with the characteristics of the target wake, which improves the contrast of the target wake, thereby enhancing the clarity of the marine environment target
image.

mation on the enhanced image and realizes the detection of marine environment targets in the feature
space, the detection error is reduced.
Structural similarity index test of target image. In order to further verify the image detection effect of the proposed method, the experiment in this
section selects the structural similarity index of the
target image of the marine environment as the experimental index. The similarity of the image structure
can reflect the consistency between the image detection result and the real structure of the image. The
higher the value of this index, the more the image
detection result conforms to the real image characteristics, that is, the better the method application effect is. The maximum value of the image structure
similarity index is 1 and the minimum is 0. When the
index is 1, it means that the image detection result is
completely consistent with the ocean environment of
the image.
The calculation formula for the structural similarity of the image is as follows Eq. (12) [23]:

Comparison test of detection accuracy of different methods. In this experiment, the verification
accuracy ValAcc is used as the experimental index.
The calculation formula of the verification accuracy
ValAcc is as Eq. (11) [19, 26]:

ValAcc

C
I

(11)

P i, j

In formula (11), C represents the total number
of rock flake images that have been verified correctly; I represents the total number of rock flake images in the verification set. The higher the verification accuracy ValAcc, the more accurate the fracture
recognition result of the rock slice image.
The detection error is used as the test index to
test Method 1, Method 2 and Method 3. The test results are as follows Figure 5:
The proposed method
Literature [6] methods

Detection error

Literature [7] methods

0.6

0.2

0
1

2

3

4

5

(12)

TABLE 1
Test results of image structure similarity index
of different methods
Structural similarity index
The proSample image
Method Method
posed
in [6]
in [7]
method
0.94
0.54
0.58
1
0.97
0.75
0.75
2
0.97
0.36
0.48
3
4
0.95
0.83
0.75
5
0.99
0.67
0.70
6
0.94
0.24
0.51
7
0.97
0.55
0.56
8
0.97
0.32
0.21
9
0.96
0.28
0.67
10
0.99
0.56
0.65

0.4

0

G i  G j 2  r Ti 2  T j 2

Among them, i and j are two marine environment WDUJHWLPDJHVįLDQGįMUHSUHVHQWWKHPHDQYDO
XHVRIWKHWZRLPDJHVșLDQGșMDUHWKHYDULDQFHV
RIWKHWZRLPDJHVșLMLVWKHFRYDULDQFHDQGUUHSUH
sents the amount of small disturbances received during the application of the method.
We randomly select 10 images from the 100
marine environment images of the experimental
samples in the ImageNet database, and use these 10
images for this experiment. The test results are compared, and the specific experimental results are
shown in Table 1.

1.0

0.8

2G iG j  r 2Tij
2

6

Number of iterations/time

FIGURE 5
Detection errors of different methods.
Analysis of the data in Figure 5 shows that the
detection error of method 1 in multiple iterations is
below 0.2, and the detection error of method 2 in the
third iteration is as high as 0.6. Method 3 is as high
as 0.5 in the second iteration. Comparing the test results of Method 1, Method 2 and Method 3, it can be
seen that the detection error of Method 1 is relatively
low. Because this method performs Radon transfor-
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$PRQJWKHPȗUHSUHVHQWVWKHQXPEHURILPDJH
pixels. i represents a certain position in the image, Ri
represents the pixel value of the processed image position i, and Ti represents the pixel value of the contrast image position i.
According to the test results in Table 2, the image peak signal-to-noise ratio value under the proposed method is higher. The peak signal-to-noise ratio of the target image in the marine environment detected by the traditional method is less than 30 dB.
In contrast, the peak signal-to-noise ratios of the proposed methods are all above 40 dB.
This is because the target image detection
method of marine environment based on Radon
transform and feature space decision in this paper
can replace the target part and segment the target image with the average gray value of the image, which
can effectively reduce the detection difficulty of the
proposed method. At the same time, on this basis, the
normalized grayscale Hough transforms each subimage to improve the contrast of the target trail and
greatly increase the retention rate of the details of the
trail image. This method realizes the detection of the
target image of the marine environment, and ensures
the lower noise of the image, and its detection effect
is better.

Analysis of the data in Table 1 shows that the
image structure similarity indexes of the three methods are quite different. The highest value of the image structure similarity index of the traditional
method in the experiment is 0.75, but the structure
similarity index of most images is in the range of 0.5
to 0.6. This shows that the reduction degree of the
marine environment image detected by the traditional method is about 50%. In contrast, the structural similarity index of the proposed method is stable above 0.9, indicating that the image distortion
rate is lower under this method, the marine environment can be highly reproduced, and the image detection effect is better.
Peak signal-to-noise ratio test. In order to
measure the application performance of the proposed
method more comprehensively, an experiment was
designed with the peak signal-to-noise ratio as the
evaluation index. Peak signal-to-noise ratio (PSNR)
is a commonly used index to measure the level of
image noise. The higher the value of the peak signalto-noise ratio, the smaller the image noise, that is, the
clearer the image.
The formula for calculating the peak signal-tonoise ratio is as Eq. (13) [27-28]:

ª 2n  1
«
PSNR 10 u lg
« M
¬

2

º
»
»
¼

CONCLUSIONS
In the coastal countries of the world, the detection of marine environmental targets is a traditional
task, and it has been widely used in public security
and civilian fields, such as anti-narcotics, search and
rescue, territory defense, illegal immigration, and
surveillance of fishing vessels. The current methods
for detecting target images in marine environment
have the problems of low image clarity and large detection errors. Therefore, this paper proposes an image detection method for marine environment targets
based on Radon transform and feature space decision-making. This method preprocesses the target
image of the marine environment, and realizes the
detection of the target image of the marine environment through Radon transform and feature space decision.

(13)

Among them, n is the number of bits of the image pixel, and M represents the mean square error
after image target detection. M can be calculated using the formula Eq. (14):
-

M

¦
i

Ri  Ti

2

(14)

TABLE 2
Test results of image peak signal-to-noise ratio
of different methods.
Peak signal to noise ratio (dB)
The proSample image
Method Method
posed
in [6]
in [7]
method
40.21
18.79
27.54
1
41.50
21.80
20.93
2
47.46
21.81
23.55
3
4
46.88
22.61
26.56
5
45.94
19.83
21.22
6
44.21
18.69
25.54
7
46.10
21.20
20.03
8
47.22
21.81
23.19
9
46.75
22.11
27.54
10
45.26
18.33
22.88
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RESEARCH ON ECOLOGICAL PLANNING METHOD OF
URBAN CONSTRUCTION LAND BASED ON
COMPREHENSIVE BENEFITS
Bingsi Zhu, Fang Bi*
Henan University of Technology, College of Architecture (prepare), Zhengzhou, Henan 450001, China

regional space between cities and towns have become increasingly prominent [1- 2]. The ecological
environment has produced a series of adverse effects
in the process of urban sprawl development, including the decline of the watershed ecosystem, the reduction of biodiversity and the destruction of plant
habitats [3-4]. The surrounding areas of urban construction areas are usually surrounded by farmland
landscapes such as forests and arable land. The quality of the ecological environment continues to decline with urban expansion. Under the above background, ecological planning of urban construction
land is an urgent problem to be solved [5-6].
Liu et al. [7] and others proposed a CLUE-S
model-based ecological planning method for urban
construction land. This method establishes a CLUES model to simulate land use changes, and embeds
the target optimization model and gray prediction
model into the non-spatial module. Urban construction land is planned. This method does not consider
the factors affecting social benefits, and there is a
problem of poor comprehensive benefits in the process of urban construction land ecological planning
[8-9]. Lu et al. [10] and others proposed a method for
urban construction land ecological planning based
on ecological algorithms. This method creates an urban land ecosystem evolution algorithm based on the
autonomous evolution mechanism of urban construction land and the structure of urban ecosystems.
This paper establishes an ecological planning model
for urban construction land, and uses ecological algorithms to solve the planning model to realize user
ecological planning. This method does not consider
the factors affecting ecological and environmental
benefits when establishing the ecological planning
model for urban construction land, resulting in a low
degree of planning rationality.
In order to solve the problems in the above
methods, an ecological planning method for urban
construction land based on comprehensive benefits
is proposed. Following the principle of ecological
priority and based on the McHague evaluation theory, we establish a comprehensive evaluation index
system for the ecological benefits of urban construction land, use network analysis to calculate the
weights corresponding to the comprehensive benefit
evaluation indicators, construct a comprehensive

ABSTRACT
When carrying out ecological planning for urban construction land in accordance with current
methods, comprehensive benefits such as social,
ecological, and environmental benefits are not considered. There are problems in comprehensive benefits, poor ecological protection efficiency, and low
planning rationality. This study proposes a comprehensive benefit-based ecological planning method
for urban construction land. According to the principle of ecological priority and on the basis of
McHague's evaluation theory, we establish a comprehensive ecological benefit evaluation index system for urban construction land. We use network
analysis method to calculate the weight of comprehensive benefit indicators. We calculate the results,
construct a comprehensive benefit evaluation model
for urban construction land, obtain the comprehensive benefit value of urban construction land, construct a cellular automata model, introduce random
variables, calculate neighborhood action values, determine weight parameters corresponding to spatial
variables, and combine system dynamics to establish
an ecological planning model for urban construction
land and realize the planning of urban construction
land. The experimental results show that the proposed method has good comprehensive benefits and
ecological protection efficiency, and can effectively
improve the rationality of urban construction land
ecological planning.

KEYWORDS:
Ecological planning method, Comprehensive benefit,
Evaluation index, Network analysis method, Urban construction land

INTRODUCTION
The pace of industrial structure adjustment and
the speed of social and economic development have
been accelerating during the period of rapid urbanization. The expansion of construction land space in
the urbanized land landscape is an obvious sign. The
problems caused by the control and competition of
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benefit evaluation model, and obtain the comprehensive benefits of urban construction land value [1113]. In addition, we combine the cellular automata
model and system dynamics, introduce random variables, calculate the value of the neighborhood, determine the weight parameters corresponding to the
spatial variables, correct the cellular automata model
conversion rules, calculate the corresponding probability when the cell changes, and construct an ecological planning model for urban construction land,
so as to realize an ecological planning method for urban construction land based on comprehensive benefits. The experimental results show that the proposed method has better comprehensive benefits,
higher planning rationality, and better ecological
protection efficiency.

ing factors and factors affecting environmental benefits on the basis of McHague's evaluation theory [9,
14]. The establishment of a comprehensive evaluation index system for the ecological benefits of urban
construction land is shown in Figure 1.
According to Figure 1, it can be seen that the
comprehensive benefit evaluation index system is
composed of three parts: environmental benefits,
ecological benefits and social benefits.
(1) Environmental benefit evaluation index:
mainly including air quality improvement index, regional climate regulation index, dust reduction, noise
reduction, pollution accumulation, impact of
groundwater recharge on the environment and other
potential environmental benefits.
(2) Ecological benefit evaluation indicators:
mainly including biodiversity and resource abundance, plant cultivation and environmental optimization, improvement of animal habitat, ecosystem reconstruction and improvement, and ecological risk
assessment.
(3) Social benefit evaluation indicators: mainly
include the integration effect and urban function improvement, the importance of urban society and culture, the demonstration role of ecological engineering, scientific research and environmental education,
public participation in social reflection, and analysis
of sustainable social benefits.

MATERIALS AND METHODS
Comprehensive benefit evaluation. Comprehensively consider the existing problems in urban
construction, the status of urban land use and urban
development goals, we follow the principle of ecological priority, and divide the ecological comprehensive benefits of urban construction land into social benefit factors and ecological benefits influenc-

Air quality improvement index
Regional climate regulation indicators

Environmental benefits

Dust reduction, noise reduction,
pollution accumulation
The impact of groundwater
recharge on the environment
Other and potential
environmental benefits
Biodiversity and resource richness
Plant changes and environmental
optimization

Comprehensive benefit
evaluation index system

Ecological Benefits

Improvement of animal habitat
Ecosystem reconstruction and
improvement
Ecological risk assessment
Integration effect and urban
function enhancement
The importance of urban
society and culture
Demonstration role of
ecological engineering

Social benefit
Scientific research and
environmental education
Public participation in
social reflection
Sustainable social benefit analysis

FIGURE 1
Comprehensive benefit evaluation index system.
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We compare each level in pairs to obtain the
weight corresponding to the comprehensive benefit

Aims A

index

W
Guidelines B1

Guidelines B2

Element group C1

...

Guidelines Bn

(4)

According to the calculated comprehensive
benefit index weight, we construct the comprehensive benefit evaluation model of urban construction
land planning to obtain the comprehensive benefit
value of land:

Element group C2

...
Element group Cn

W:
Bij uWij

n

Element group C3

S

Network layer

¦B

ij

u Wij

(5)

i 1

FIGURE 2
Network analysis model diagram.

Through the above steps, according to the principle of ecological priority, we establish a comprehensive evaluation index system for the ecological
benefits of urban construction land, use the network
analysis method to compare the ranking of a certain
criterion within the hierarchy of the internal factors,
obtain the weight of the comprehensive benefit index, and complete the comprehensive benefit evaluation model in order to obtain the comprehensive
benefit value of urban construction land.

Based on the comprehensive benefit evaluation
index system (Figure 1), the network analysis
method is used to calculate the weights corresponding to the comprehensive benefit evaluation indexes
[15]. The network analysis model diagram is shown
in Figure 2.
Regarding the control layer ܤ as a criterion
and the elements ݁ଵ existing in ܥ as a sub-criteria,
we compare the importance of the elements ݁ଵ with
other elements existing in ܥ , construct the initial
matrix A [16-17] according to the comparison result of importance. The expression of the initial matrix A is as follows:

A

ª a11
«a
« 21
«
«
¬ an1

a12  a1n º
a22  a2 n »»
  »
»
an 2  ann ¼

Suppose that

Ecological planning methods for urban construction land. The cellular automata model is a discrete dynamic model, with space-time characteristics
and powerful spatial computing capabilities, which
can effectively simulate complex dynamic systems
[20].
The transformation between land use types and
urban construction land planning is a complex dynamic system. The interaction between individuals
will affect the system. The system is also affected by
industry, natural geographic environment, service
industry, government planning, and the influence of
gravity indicators such as traffic and urban commercial [21].
Cell transformation rules usually consider the
impact of ecological environment, land suitability,
construction land control, government planning on
land use cells, and interactions between individual
cells. The above-mentioned influencing factors are
superimposed in space to obtain the influencing factor layer and the controlling factor layer of urban
construction land. Through the above analysis, based
on the comprehensive benefit-based ecological planning method of urban construction land, a cellular
automata model is constructed [17, 22]:

(1)

Wi1ji represents the feature vec-

tor, and its expression is as follows:

Wi1ji

( wi1 , wi 2 ,  , win )

(2)

Based on comprehensive benefits of the ecological planning method of urban construction land
and network analysis method, according to the obtained feature vector
trix Wij :

Wij

ªWi1j1 Wi1j 2
« j1
j2
«Wi 2 Wi 2
«

« j1
j2
¬«Win Win

Wi1ji

, we establish a super ma-

 Wi1jn º
»
 Wi 2jn »
 »
»
 Winjn ¼»

S xyt 1

f ( S xyt , :txy , T )
௧ାଵ
ܵ௫௬

(3)

(6)

represents the state correIn formula (6),
௧
sponding to the cell unit (ݔ,  )ݕat time  ݐ+ 1; ܵ௫௬
represents the land use state corresponding to the cell
௧
represents the extended
unit (ݔ,  )ݕat time ߗ ; ݐ௫௬
Moore cell neighborhood; ܶ represents the transformation rule.

The above matrix (formula 3) describes the ordering of a certain criterion within the hierarchy of
internal factors [18-19].
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The conversion rule of the cellular automata
model usually consists of the unit constraint, the influence of the cell neighborhood on the central cell,
and the global conversion probability:

Pdt,xy1

RA u Pg u Con( S xyt ) u :txy

Z ij

n

k 1

(7)

In formula (11),

represents the regression coefficients corresponding
to the variables.
The correction formula of the cellular automata
model conversion rule based on the logistic regression model is as follows [25]:

pg

1  exp( z x , y )

1
1  exp( z x , y )

(12)

Pdt,ij represents the correspond-

ing probability when the cell changes at time  ݐ+ 1.

Pdt,ij can be calculated by the fol-

The probability

(8)
In formula (8),  ߛ݊ܫdescribes the cell grid
space, and ߙ describes the dimension of the cell
space. The parameter value is in the interval [1, 13],
and the size of the parameter can be controlled.
௧
is calculated by
The neighborhood effect value ߗ௫௬
the following formula:

lowing formula:

Pdt,xy1

RA u pg u (conS xyt ) u :txy

[1  ( InJ )D ] u

1
u (conS xyt ) u :txy
1  exp( z x , y )

(13)
We set a threshold in the interval [0,1], and
compare the size between the threshold and the cell
conversion rate:

suitable)

3u 3 1

exp( z x , y )
Suppose that

RA 1  ( InJ )

3u3

x1 , x2 , , xn represents spa-

tial variables, such as the shortest distance between
residential centers and commercial centers and the
shortest distance of highways; a0 , a1 , a2 , , an

D

:txy

(11)

a0  ¦ ak xk

௧ାଵ
describes the transforIn formula (7), ܲௗ,௫௬
mation probability corresponding to the cell; ܲ describes the global transformation probability; ܴ ܣde௧
) describes the
scribes the random variable; ܵ(݊ܥ௫௬
constraint conditions corresponding to the unit.
In the process of urban construction land ecological planning, there are accidental time, political
factors, random factors and human factors that interfere and influence [23]. In order to accurately reflect
the uncertain factors in the process of urban construction land ecological planning, the method of urban construction land ecological planning based on
comprehensive benefits introduces random variables
into the cellular automata model:

¦ con(S xyt

a0  a1 x1  a2 x2    an xn

(9)

In formula (9),  )(݊ܥdescribes the constraint
conditions corresponding to the unit, that is, the condition function, which is usually defined by conditions such as policies, water bodies, basic farmland
protection areas, slopes, and mountains. The speed
of its development can be determined by a constraint
coefficient.
Large-scale differences can usually be reflected
through regional constraints, such as differences in
economy, population, and land resources. Macro
policy impacts can be reflected through global constraints [24]:

Si 1 ( xy )

Developmen tPdt,xy1 ! Pthershold
Undevelopm entPdt,xy1 d Pthershold

(14)
From the perspective of the balance of microsupply and total urban construction land demand, the
advantages of system dynamics in scenario simulation and macro-driving factors, and the advantages
of combining cellular automata models in the simulation of micro-land use spatial patterns are used for
the ecological planning of urban construction land
[21-22], which improves the decision-making assistance function of the ecological planning method of
urban construction land based on comprehensive
benefits, and realizes the optimization of planning
layout schemes.
The ecological planning method of urban construction land based on comprehensive benefits combines cellular automata model and system dynamics
to establish an ecological planning model of urban
construction land on the basis of comprehensive benefits [15, 26]:

t
conS dxy

t
t
t
Wt u conS Idxy
 Wr u conSrdxy
 Wg u conS gdxy
(10)
௧
represents local conIn formula (10), ܿܵ݊ூௗ௫௬
straint, ܹ௧ represents the weight corresponding to
௧
represents regional conlocal constraint; ܿܵ݊ௗ௫௬
straint, ܹ represents the weight corresponding to
௧
represents global conregional constraint; ܿܵ݊ௗ௫௬
straint, ܹ represents the weight corresponding to
the global constraint.
The core of the cellular automata model conversion
rule is to determine the weight parameters corresponding to the spatial variables:

n

F ( x) Qsd  ¦ qt  max S
T 1
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land based on the comprehensive benefit-based urban construction land ecological planning method is
compared with the CLUE-S model. The scale of urban construction ecological land used in the urban
construction land ecological planning method has increased, and an obvious ecological land isolation
zone is formed around the urban construction land.
The urban construction land ecological planning
method based on the ecological algorithm has the
largest scale of urban construction ecological land,
but the conflict of construction land is relatively
high. It can be seen that the results of urban construction land ecological planning based on the comprehensive benefit-based urban construction land ecological planning method are better.

Qsd represents the total

amount of urban construction land, which can be
predicted by a dynamic model; σ்ୀଵ ݍ௧ describes the
total construction land for ܶ years.
By spatially superimposing the influencing factors between the individual cells, the influencing factor layer and the controlling factor layer are obtained, the cellular automata model is constructed,
random variables are introduced, the neighborhood
effect value is calculated, and the weight parameters
corresponding to the spatial variables are determined. Based on the logistic regression model
above, we correct the cell automata model conversion rules, calculate the corresponding probability
when the cell changes, compare the threshold and the
cell conversion rate, and combine the system dynamics to build an ecological planning model for urban
construction land, so as to achieve a comprehensive
effective urban construction land ecological planning method.

RESULTS
In order to verify the overall effectiveness of
the urban construction land ecological planning
method based on comprehensive benefits, it is necessary to test the urban construction land ecological
planning method based on comprehensive benefits.
The experimental software used in this test is
MyEclipse 8.6, and the ecological spatial distribution pattern of a city’s construction land has been
evaluated in terms of social benefit influencing factors, ecological benefit influencing factors and environmental benefit influencing factors. We use the
space overlay method to analyze the evaluation results, and the ecological spatial distribution pattern
of urban construction land is shown in Figure 3.
The total ecological area of construction land in
a city is 8945 km2, and the total ecological area of
urban construction land accounts for 65.39% of the
total area of the city, mainly scattered in urban areas
and plain areas.

FIGURE 3
The ecological spatial distribution pattern of urban construction land.

Comparison of comprehensive benefit values of different methods. The comprehensive benefit value is used as a test indicator to test the effectiveness of the urban construction land ecological
planning method based on comprehensive benefits,
the urban construction land ecological planning
method based on the CLUE-S model, and the urban
construction land ecological planning method based
on ecological algorithms. The comparison result of
comprehensive benefit value using different methods is shown in Figure 5.
Analyzing Figure 5, it can be seen that the comprehensive benefit value obtained by the urban construction land ecological planning method based on
comprehensive benefits in multiple iterations is
above 80, which is much higher than the urban construction land ecological planning method based on
the CLUE-S model and the comprehensive benefit
value obtained by the ecological planning method of
urban construction land. Because the ecological
planning method of urban construction land based on
comprehensive benefits is based on the Macharge
evaluation theory. Combined with the principle of
ecological priority, the comprehensive benefit value

Comparison of results of urban construction
land ecological planning with different methods.
The results of urban construction land ecological
planning with different methods are shown in Figure
4.
According to Figure 4, it can be seen that the
ecological scale and pattern of urban land use in the
three methods are quite different. The urban construction land ecological planning method based on
the CLUE-S model has a smaller scale of urban construction ecological land. From the ecological space
of urban construction land, in terms of distribution
pattern, although the scale of urban construction ecological land has a smaller conflict with urban construction land, the ecological land isolation zone has
not been formed. The urban construction ecological
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(b)

(c)

FIGURE 4
Results of ecological planning of urban construction land in different methods.
Notes: (a) Ecological planning method for urban construction land based on comprehensive benefits, (b) Ecological planning
method of urban construction land based on CLUE-S model, (c) Ecological planning method of urban construction land
based on ecological algorithm.

FIGURE 5
Comprehensive benefit value of different methods.

FIGURE 6
Planning rationality of different methods.
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of urban construction land is evaluated, and the ecological planning model of urban construction land is
constructed according to the comprehensive benefit
value, which improves the method’s comprehensive
benefit value.

comprehensive benefits, the neighborhood effect
value of the construction land ecology is used as the
evaluation index. The higher the neighborhood effect value of the construction land ecology, the spatial distribution pattern of the construction land ecology can effectively play the ecological function, the
better the ecological protection efficiency.

Comparison of the rationality of ecological
planning by different methods. Using planning rationality as a test indicator to test the ecological planning method of urban construction land based on
comprehensive benefits, the ecological planning
method of urban construction land based on the
CLUE-S model, and the ecological planning method
of urban construction land based on ecological algorithms are tested and compared. The comparison result is shown in Figure 6.
Analysis of the data in Figure 6 shows that the
planning rationality of the urban construction land
ecological planning method based on comprehensive
benefits in multiple iterations is more than 90%. The
urban construction land ecological planning method
based on the CLUE-S model and the ecological algorithm based method the planning rationality obtained by the urban construction land ecological
planning method in multiple iterations fluctuates
around 60%. Comparing the test results of the ecological planning method of urban construction land
based on comprehensive benefits, the ecological
planning method of urban construction land based on
CLUE-S model and the ecological planning method
of urban construction land based on ecological algorithm, the urban construction land ecological planning method based on comprehensive benefits has a
relatively high degree of planning rationality, because the urban construction land ecological planning method based on comprehensive benefits comprehensively considers the social, ecological, and environmental benefits of urban construction land. The
impact of ecological planning improves the rationality of the method.

According to the data in Table 1, the neighborhood effect value of the urban construction land ecological planning method based on the ecological algorithm is 1.05, and the neighborhood effect value
of the city construction land ecological planning
method based on the CLUE-S model is 4.54. The
neighborhood effect value of the urban construction
land ecological planning method for urban construction land based on comprehensive benefits is 7.38. It
can be seen that the neighborhood effect value of the
ecological algorithm-based urban construction land
ecological planning method is small, and it cannot
effectively control the disorderly expansion of the
city. The ecological function of the ecological spatial
distribution pattern of construction land cannot be
used, and the ecological protection efficiency is bad.
The neighborhood effect value of the urban construction land ecological planning method based on
the CLUE-S model is second, and the neighborhood
effect of the urban construction land ecological planning method based on comprehensive benefits have
the highest value, indicating that it can play the ecological function of the ecological spatial distribution
pattern of construction land, and the ecological protection efficiency is good.

CONCLUSIONS
(1) In the ecological planning of urban construction land, the comprehensive benefits of urban
construction land were considered, and the ecological planning model of urban construction land was
established to improve the rationality of the method.

Evaluation of ecological protection efficiency by different methods. In order to verify the
ecological protection efficiency of the urban construction land ecological planning method based on

TABLE 1
Ecological protection efficiency evaluation of different methods
Ecological land area
Percentage of
Neighborhood value
Methods
/km2
ecological land /%
Ecological planning method of urban
construction land based on ecological
7521
84.08
1.05
algorithm
Ecological planning method of urban
construction land based on CLUE-S
3254
36.38
4.54
model
Ecological planning method of urban
construction land based on compre5281
59.04
7.38
hensive benefits
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(2) Follow the principle of ecological priority
and the comprehensive benefit value of urban construction land, according to McHague's evaluation
theory, we construct an ecological planning model of
urban construction land, and improve the comprehensive benefit of ecological planning of construction land.
(3) The method in this study can play the ecological function of the ecological spatial distribution
pattern of construction land, and the ecological protection efficiency is good.
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STUDY ON FEATURE LAYER OF ADAPTIVE SELECTION
PYRAMID FOR SMALL OBJECT DETECTION IN COMPLEX
ENVIRONMENTS
Xueying Yang, Zhiyong Zhang, Changzhen Qiu, Luping Wang*
School of Electronics and Communication Engineering, Sun Yat-sen University, Guangzhou, Guangdong 510275, P.R. China

object detection, strong results have been achieved
[1-3]. However, due to the inherent diversity and
complexity in detection tasks and the environment,
respectively, the use of algorithms in semantic
analysis and sample mining for small object detection creates numerous challenges. Generally, an
object that has a pixel area of less than 32 × 32 is
referred to as a small object [4]. In some object
detection networks, large numbers of convolution
layers are used to extract image features, and the
pooling layer is used to gradually reduce the size of
the feature layer towards the prevention of model
overfitting [5]. Following the use of convolution
and pooling layers, the resolution of the input image is significantly reduced. Accordingly, in the
detection of small objects in the input image, the
features of the small target are likely to have been
lost, particularly in the edge region of the image.
Inevitably, the problem here is object overlap
[6]. Borders with a high degree of overlap will
cause ambiguity and, therefore, it is difficult to
identify which bounding boxes the overlapping
pixels should belong to. Most overlapping objects
usually include many small objects that can easily
be left out [7]. To address the issue in small object
detection, two processing directions have emerged
in recent years. One is similar to the method referred to as semantic segmentation, which uses pixel-by-pixel detection. Takeki et al. [8] proposed a
method combining the object detection algorithm
with the semantic segmentation algorithm. They
trained a deep, fully convolutional neural network
and a variant of FCN, and then combined the results to achieve a high detection performance.
Kampffmeyer et al. [9] proposed the use of deep
convolutional neural network architecture based on
the pixel level and block area. It is a combination
used to achieve single-pixel classification and small
target detection. Mundhenk et al. [10] advanced a
method based on the pixel-by-pixel extraction of
regional features, where these features are classified
and detected via a convolutional neural network.
The three abovementioned methods all involve the
exploration of small target detection. The pixel-by-pixel detection algorithm considers all targets
in an image [11]. However, this method is time

ABSTRACT
Due to the inherent diversity and complexity
in detection environments, the use of algorithms in
semantic analysis and sample mining for small object detection creates numerous challenges. For
higher detection efficiency, most object detectors
with a strong detection effect are anchor-based, that
is, anchor boxes with a fixed scale and aspect ratio
are used. The design fails to meet the needs associated with detecting objects with different scales and
aspect ratios, especially in terms of detecting
small-scale objects with relatively weak texture
information. In this study, we used a fully convolutional network to detect objects via per-pixel prediction and analogue to semantic segmentation. To
detect the small objects remaining, we proposed a
new method called the adaptive selection pyramid
feature (ASPF) layer, which allows feature layers
from the most suitable feature pyramid network
(FPN) in each instance via defined settings and
automatic feature selection in two ways. Specifically, each object was passed through the convolution network and inputted one FPN layer according
to the scale setting. The former layer was changed
using the automatic control to assign the optimal
feature map. Using this strategy enables easy separation of the overlapping targets, which usually
include many small objects that would otherwise be
left out. The findings demonstrated the effectiveness of the method in a standard dataset. Compared
with other detectors, the proposed method exhibited
greater robustness for small object detection.

KEYWORDS:
Detection environment, small-scale, convolutional network, adaptive selection, pyramid feature, separation

INTRODUCTION
With technological developments in deep
learning, object detection has progressed significantly in recent years. For relatively large-scale
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consuming and it has no scale adaptability to the
object. Multi-scale prediction provides another way
to deal with small targets. Lin et al. [12] proposed a
feature pyramid network with horizontal connection,
which uses multi-scale features and a top-down
structure to achieve target detection. Fu et al. [13]
put forward a deconvolutional single shot detector
to address the problems associated with the single
shot detector algorithm in small target detection. In
terms of the FPN algorithm, a deconvolutional
structure was used to transfer the deep features of
an image from a high-dimensional space, and then
the information at the bottom was integrated. Redmon et al. [14] proposed an advanced multi-scale
prediction method, and the detection effect regarding small objects was improved. The three above
mentioned methods contain greater computational
complexity and a higher number of super parameters due to the introduction of the anchor-frame
design. Additionally, the anchor is generally capable of producing more candidate frames.
To address the current issues associated with
small object detection, this study proposed an adaptive selection pyramid feature (ASPF) to detect
small-scale objects in complex environments. The
approach involved an FCN-based detector design
for pixel-by-pixel detection and removes the design
of the anchor. The FPN was added to fully utilise
the feature information of the different feature layers for the network. Furthermore, multi-scale prediction methods were applied, which made up for
the small scale of the object. The results demonstrated that the method can exhibit good robustness
for small object detection.

anchor boxes, which ultimately had a significant
impact on detection performance. The experiments
conducted on the object detection benchmark confirmed the effectiveness of our method.

RESULTS
Related work. In the field of target detection,
there are two-stage and one-stage methods associated with deep learning [15]. The former generates
a series of candidate frames as samples by the algorithm, and then classifies the samples via a convolutional neural network. The representative algorithms for the method are R-CNN, Fast R-CNN and
Faster R-CNN. The R-CNN algorithm uses the
evaluation of the feature similarity of adjacent-image sub-blocks, and selects the candidate
box of the region of interest as sample input for the
CNN structure. It then forms the corresponding
feature vector. The border regression operation for
the feature vector classification and calibration box
is completed. A Fast R-CNN designs a pool layer
structure known as ROI pooling, which can effectively address the problem associated with the
R-CNN algorithm of cutting and scaling the image
area to the same size. Simultaneously, it introduces
the design of the anchor frame, which improves
accuracy and increases computational complexity.
The detection accuracy of the second-order detection algorithm is much higher compared with the
first-order detection algorithm. However, after
two-stage operations, the detection speed slows
considerably.
In the one-stage method, rather than generating a candidate frame, the problem associated with
the target-frame location is directly transformed
into a regression problem. DenseBox first proposed
a unified end-to-end fully convolutional framework
that directly predicted bounding boxes [16]. The
scores associated with classification and the
boundary box can be predicted directly from the
input picture. Accordingly, the one-stage detector
can be applied to dense object detection. The detector is faster and simpler, but its precision is inferior compared with two-stage detection. The current
study revealed the core problem is that the number
of background and foreground samples is extremely
unbalanced during the training process. Lin et al.
proposed focal loss to solve the problem of extreme
imbalance. Simultaneously, to verify the effectiveness of focal loss, the one-stage target detector
RetinaNet was designed. In this study, the focal loss
was used to train RetinaNet, and the accuracy of
which exceeded all current two-stage detectors. A
network structure similar to RetinaNet was

MATERIALS AND METHODS
Based on the loss values of the different stratification features, the optimal solution was obtained
by combining manual settings and automatic feature selection. Each instance was assigned to a different FPN layer. By dealing with feature selection
in two ways, we assigned instances to the appropriate feature layer to separate most overlapping targets. To suppress some low-quality predicted
bounding boxes, a centre-ness module was approached, which was introduced via the fully convolutional one-stage object detector. In this study,
complex calculations regarding anchor boxes were
avoided completely. For example, the overlapping
area could be calculated during training, which significantly reduced the memory consumption associated with training. Additionally, it also greatly
increased its detection speed. More importantly, we
also excluded all the super parameters related to
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FIGURE 1
The composition of our network structure
adopted to use the advantages of focal loss, and the
ASPF method to improve the detection rate.

The architecture of FPN. The multi-scale
pyramids was often constructed to identify objects
of different sizes. In this study, we used the characteristics of convolution network to convolution operate and pool the original image. Through the operation, we can get feature maps of different sizes,
which is similar to constructing pyramids in the
feature space of the image. Obviously, the low-level
network pays more attention to the details, the
high-level network pays more attention to the semantic information, and the high-level semantic
information can help us to accurately detect the
target.

The network structure with FPN. The network structure used in this study was shown in Figure 1. It was composed of C3, C4 and C5 as backbones, which were connected to an FPN network.
P3-P7 is the feature layer of the FPN network. Here,
the ASPF method was used to obtain the final feature layer. Finally, the selected feature layer was
predicted through the network head, which refers to
the head of the anchor free differ in RetinaNet.
The type of network structure essentially
transforms detection based on an anchor into detection based on a point. To improve the detection rate
of small targets, a new method called ASPF was
proposed. In the following sections, we outlined the
effectiveness of our method with regard to several
factors. The network is capable of detecting objects
in each location pixel-by-pixel. In this section, we
introduced why FPN was used in this study, how it
was used in the network structure and how to conduct pixel-by-pixel detection.
The ASPF method was introduced in detail
from two perspectives: choosing feature layers via
manual settings in FPN, and showing how to use
automatic controls to modify feature-layer selection,
in turn obtaining positive results. The network in
this study is a unified network consisting of a
backbone network and two task-specific
sub-networks. As shown in Figure 1, the backbone
network was a readily available convolution network, which is responsible for calculating the convolution feature map of the input image. The output
of the convolution layer was used as the input of
FPN, then there are two sub-networks. The first
sub-net is responsible for classifying the features
which is output of the backbone. The second
sub-net performs boundary box prediction for the
corresponding location. Although there are many
possible options for the details of these components,
we used the design of Retina Net for simple and fair
comparison.

FIGURE 2
The network structure of FPN
The architecture of FPN was shown in Figure 2.
It can be seen that we need to input an image to deep
convolution layers, and then perform dimension
reduction on the features of layer 2. Through the
convolution layer of 1×1, the features in layer 4
sampled to make them have corresponding dimensions with layer2. Then let corresponding element
add between layer 2 and layer 4. The addition results
input into layer 5. Similarly, we can get the input of
layer 6. Between the backbone and two
sub-networks, FPN was constructed from the backbone network with levels from P3 through P7, and
Pl was the pyramid level. FPN uses a top-down architecture with horizontal connections to construct a
feature pyramid within the network from a single-scale input. Each layer of the pyramid can be
used to detect objects of different scales. All pyra-
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mid levels have 256 channels. Different from the
original FPN, we added P6, P7. P6 was produced by
applying one convolution layer with the stride being
2 on P5, equivalent to down-sampling. Similarly, P6
was down-sampled to get P7. It is to obtain a strong
semantic information and improve the detection
performance.
To acquire more robust information, a deeper
layer was used to construct the feature pyramid to
acquire more robust information. In addition, we
accumulated the processed low-level features and
the processed high-level features. The purpose is
that the low-level features can provide more accurate location information, and multiple down sampling and up-sampling operations make the location
information of the deep-seated network have errors.
So we mixed it together and build a deeper feature
pyramid, integrating multi-layer feature information.
To predict a bounding box at each location, the
structure of FPN was made up for the small-scale.

FIGURE 3
The location of a regression bounding box
The proposition of focal loss was used to solve
the problem of extreme imbalance between foreground and background categories. We introduced
the focal loss as Lcls, and IOU loss as Lreg. They were
computed by averaging the focal loss and the IOU
loss over the effective box region. The Lpos denotes
the number of positive samples. A simple and effective strategy was also introduced to suppress these
low-quality detection boundaries predicted by a location far away from the center of object, without
introducing any hyper-parameters. During the test,
the centerness loss is added to equation (2), and
through NMS and centrerness loss to filter out the
final box, as equation (3).

Pre-pixel detector. The anchor free was also
used, but it only predicts the boundary box of the
point near the center of the target object and takes it
as a positive sample. As a result, the gap between
positive and negative samples is very large, which
is obviously less predictive bounding boxes, and the
recall rate will naturally be low. The bounding boxes of all pixels in the possible object bounding
boxes were predicted. Given an object instance i, its
class label is Ci and the ground-truth bounding box
coordinates b=[x1,y1,x2,y2], where (x1,y1) is the
left-top corner of the box, (x2,y2) is the
right-bottom corner of the box, and Ci is the class
that the target in the box belong to. C is 80 in the
COCO datasets. We directly regressed the target
bounding box at each location. Once it falls into
any ground-truth box and the class label c* of the
location same as the class label of the object instance. The location was defined as positive sample,
otherwise we think it is negative sample.
When we calculated boundary box regression
for all positive samples, as shown in Figure 3. A set
of vectors t = (1, t, r, b), 1*, t*, r* and b* were used
to represent the distances from the location to the
four sides of the bounding box, which are associated
with the location (x, y), the relationship can be formulated as [17-18]:

l*

x  x0(i ) , t *

y  y1(i ) , r *

x1(i )ˈb*

centerness*

The module only adds several convolution
layers to the fully convolution Retina Net, so the
inference process is still straightforward and simple.
Given the input image, the classification score px,y
and regression prediction tx,y were obtained through
the network. For the anchor free branch, we selected
box predictions with the highest score of 1k locations at each pyramid level, setting the confidence
value threshold to 0.05. The non-maximum suppression with a threshold of 0.5 was used to get the final
test results.
Choosing feature layers via manual settings.
To solve the problem of the number of ambiguous
samples, an innovative ASPF module was proposed.
It differs from setting the fixed size of an instance
box, as the case in anchor-based methods. The
ASPF module nominates the best layer of the feature pyramid based on the content of the instance.
Predominantly, the module relies on manual settings and automatic control, two ways of achieving
the ASPF. In this study, each instance was passed

y1(i )  y

(1)
In the training, we defined the raining loss
function as equation (2):

L ^p x , y `^
, t x, y `

1
N pos

¦L

cls

x, y

p x , y , c*x , y 

min l * , r * min t * , b*
(3)
u
max l * , r * max t * , b*

r
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through the forward network to select one FPN
layer via manual control and then the automatic
control was used to revise the former result to
achieve the optimal feature map.
Three layers of FPN were draw for detecting
different sizes of objects on different levels of feature maps. Actually, there are two hidden layers.
The levels of feature maps defined as {P3, P4, P5,
P6, P7} in the FPN network. Among them, P3, P4
and P5 were obtained by the convolution of the
characteristic layers C3, C4 and C5 of the backbone
CNNs network through a 1×1 convolution. P6 was
produced by applying one convolution layer with
the stride being 2 on P5. Similarly, P7 was
down-sampling of P6. From down to top, the
down-sampling ratio of the feature maps at each
level to the input image are 8,16,32,64,128 respectively. In order to make better use of the multi-scale
feature, the range of boundary box regression in the
feature layer of each scale was limited. We defined
that Mi is the maximum regression distance as the
feature layer of the current scale. Then we compared max (1*, t*, r*, b*) with Mi, if it less than Mi,
the location is positive sample, otherwise negative
sample. By this method, different sizes objects were
assigned to different feature layers for regression.
Automatic revise. Except for manual limiting
the range of boundary box regression, we introduce
automatic feature select mechanism, to revise the
result of manual control. The IOU loss and focal
loss for every FPN layers can be computed. Then
the smallest loss of level I can be expressed as
equation (4) [19]:

The vehicle detection dataset. The COCO
trainval 35K split (115K images) was always used
for training, and most ablation experiments reported
detection accuracies on a subset of 5K unused
val-images (denoted as minival), as is common
practice [20-21]. In this study, we reported the main
results on the test-dev split (20K images) by uploading our detection results to the evaluation server. The 15,000 pictures of traffic vehicles manually
labelled were used as datasets for training. The vehicle detection dataset included 9371 training sets
and 3611 test sets. In the dataset, we regarded the
targets that were larger than 14×14 pixels as positive samples that should be detected.

I*

arg min( Lcls  Lreg )

Initialization of the backbone network. The
ResNet-50 with FPN was used as the backbone
network. As a common convention, we resized images to a scale of 1333×800 without changing the
aspect ratio. The network was trained with stochastic gradient descent over 4GPUs, with 4 images per
GPU. We then initialised the backbone networks
with the weights pretrained on ImageNet. 20 epochs
was trained in total, with an initial learning rate of
0.001 and a minibatch of 16 images. During training, no data augmentation methods were used. At
the same time, to compare the performance of the
algorithm, Fast-RCNN, SSD and other algorithms
were trained on the same training test dataset. For
the vehicle detection experiment, we used the same
GPU configuration and initialised the backbone
networks with the weights pre-trained on network.
We trained 12 epochs in total, with an initial learning rate of 0.001, and the batchsize used was 4.

(4)
Inference Details. The input image was forwarded through the FPN and the predicted bounding boxes with a predicted class. The following
post-processing was exactly the same as RetinaNet,
and we directly set the same post-processing hyper-parameters of RetinaNet in the method. The
same input image size was used as in training.
During training, we hypothesized the performance

In the training processing, the output features
of FPN layer were selected by manual control. That
is, one feature layer was selected according to the
size of the instance and the regression range of each
feature layer. Then the sum of focal loss and IOU
loss in each feature layer were calculated, and the
level whose summation of focal loss and IOU loss
were selected as the minimum loss. Therefore, a
better final output feature map of the feature layer
can be obtained by feedback, as shown in Figure 4.

FIGURE 4
Automatic revise optimal feature layer
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of detector could be further improved. As with the
RPN, the results of experiments were measured with
average recall, which is the average of the recalls at
different IOU thresholds, where the range of thresholds extends from 0.5 to 0.95. AR for 100, 300, and
1000 proposals per image was denoted as AR100,
AR300 and AR1000. The AR for small, medium,
and large objects was computed for 100 proposals.
All detection results were evaluated with the standard COCO metric, which averages the MAP of the
IOU from 0.5 to 0.95.

AP. For ResNet-101, the ASPF method can improve
the accuracy by 0.5%. From the results, it can be
concluded that the ASPF method is more robust
compared with the anchor-based detection method.
The detection accuracy for small-scale object. The image size was resized to 600×600. The
texture information of small targets was found to be
relatively less obvious. The backbone of RetinaNet
is ResNet-101, and that of the ASPF is ResNet-50
and ResNet-101, respectively. The results were
given in Table 2, the detection accuracy of the small
targets was improved.
To further verify the ASPF method proposed
in this study, the recognition accuracy of the method and the more typical method in the field of action targets in recent years in the COCO dataset
was compared, as shown in Table 3. All instantiations of our model outperformed baseline variants
of previous models. The first group of detectors
presented in Table 3 are two-stage detectors, the
second group are one-stage detectors, and the final
group comprises the detector used in this study. The

Comparison of the RetinaNet with ASPF. In
this section, we presented a comparison of the anchor-based method RetinaNet with the ASPF
method proposed in this study. The effect of the
backbone networks was also compared to the ASPF
method. Two different backbone networks, as ResNet-50 and ReNet-101, were ran on a single Geforce 1080 GPU with CUDA 9.0 and CUDNN 7
[22]. The results of the experiments were shown in
Table 1. The ASPF method is superior to the RetinaNet method. For ResNet-50, the ASPF method
outperformed the anchor-based RetinaNet by 1.0%

TABLE 1
Comparison with RetinaNet with different backbone
Method
Backbone
AP
AP50
RetinaNet
ResNet-50
35.7
54.7
ASPF(this study)
ResNet-50
36.7
56.2
RetinaNet
ResNet-101-FPN
39.1
59.1
ASPF(this study)
ResNet-101-FPN
39.6
59.7
TABLE 2
Comparison with RetinaNet for small-scale object
Method
Backbone
RetinaNet
ResNet-101
ASPF(this study)
ResNet-50
ASPF(this study)
ResNet-101
TABLE 3
State of the-art comparison on COCO test-dev
Method
Backbone
AP
AP50 AP75
Faster R-CNN++[20]
ResNet-101-C4
34.9 55.7 37.4
Faster R-CNN w/FPN [21]
ResNet-101-FPN
36.2 59.1. 39.0
Faster R-CNN by G-RMI
ResNet-101-v2
34.7 55.5 36.7
Faster R-CNN w/TDM
ResNet-101-v2-TDM
36.8 57.7 39.2
YOLOv2 [22]
DarkNet-19
21.6 44.0 19.2
SSD512 [20]
ResNet-101-SSD
31.2 50.4 33.3
DSSD512 [24]
ResNet-101-DSSD
33.2 53.3 35.2
RetinaNet
ResNet-101-FPN
39.1 59.1 42.3
RetinaNet
ResNeXt-32x8d-101-FPN 40.8 61.1 44.1
CornerNet
Hourglass-104
40.5 56.5 43.1
FCOS
ResNet-101-FPN
41.0 60.7 44.1
ASPF(this study)
ResNet-101-FPN
41.3 60.8 44.1
ASPF(this study)
ResNeXt-32x8d-101-FPN 42.3 62.3 45.6
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AP75
38.5
39.0
42.3
42.8

APS
21.8
21.4
24.6

APS
15.6
18.2
13.5
16.2
5.0
10.2
13.0
21.8
24.1
19.4
24.0
24.6
26.0

APM
38.7
39.0
38.1
39.8
22.4
34.5
35.4
42.7
44.2
42.7
44.1
44.5
44.9

APL
50.9
48.2
52.0
52.1
35.5
49.8
51.1
50.2
51.2
53.9
51.0
51.1
52.2
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(a)
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(g)
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FIGURE 5
The detection results of SSD512 (a, b), Faster R-CNN (c, d), RetinaNet (e, f) and ASPF (g, h)
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FIGURE 6
The detection effect of SSD algorithm (a, b), Retina Net (c, d), and ASPF (e, f)
TABLE 4
Comparison of the accuracy rate and error rate on traffic test-dev.
Method
Accuracy
Error rate
SSD
43.8
10.5%
Retina Net
79.8
53.4%
ASPF(this study)
91.6
5.8%
results demonstrated our method outperformed other single-stage detectors under the ResNet-101
backbone, as well as under all evaluation metrics. It
includes the very recent one-stage FCOS, and the
ASPF method outperformed most two-stage detectors, including the Faster R-CNN with the FPN.
The proposed model, with multi-scale testing
archives reaching an AP of 41.3, outperformed SSD,
DSSD and RetinaNet, achieving superior results for
small object detection. The ASPF method was
10.1% higher than SSD512, 8.1% higher than
DSSD, and 2.2% higher than RetinaNet. We randomly selected some data from the COCO test-dev
to compare the detection results of SSD, Faster
R-CNN, RetinaNet, and the ASPF method. The
results of comparisons were given in Figure 5. Intuitively, the detection results by the ASPF method
are superior. While RetinaNet and Faster R-CNN
achieved greater detection accuracy, the rate of
false alarm was relatively higher compared with the

ASPF method. For example, with the Faster
R-CNN and RetinaNet, a giraffe which can be seen
further in the background of an image may be regarded as a person.
The effectiveness of the ASPF method. To
verify the effectiveness of the ASPF method, we
manually labeled 15,000 pictures of traffic vehicles
to be used as the dataset for training, except for
when it came to the standard COCO dataset. The
vehicle detection dataset contained 6383 training
sets and 614 test sets. We adjusted some parameters
without changing the hardware environment, and
the batch size was set to 4. The initialisation value
of LR was 0.001, and the epoch was 12. After using
RetinaNet and our network training, respectively,
we counted the number of positive samples and all
objects in the test set. The number of objects mistakenly considered to be objects was counted. For
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the evaluation formula pertaining to the accuracy
rate and error rate, the results were given in Table 4.
The ASPF method achieved a higher detection
accuracy and lower error rate compared with SSD
and RetinaNet. To intuitively observe the detection
results, we selected some pictures in our test set,
and the detection effect is presented in Figure 6. In
a complex environment, the detection effect of the
SSD algorithm is very poor, and the detection effect
of RetinaNet generates many false alarms [25-26].
In contrast, the ASPF method detects vehicles accurately and with a reduced false-alarm rate.

[5] Chen, B., Huang, S. (2016) An advanced moving object detection algorithm for automatic
traffic monitoring in real-world limited bandwidth networks. IEEE Transactions on Multimedia. 16(3), 837-847.
[6] Takeki, A., Tu, T., Yoshihashi, R., Kawakami,
R., Lida, M., Naemura, T. (2016) Combining
deepfeatures for object detection at various
scales: findingsmall birds in landscape images.
Transactions on Computer Vision & Applications. 8(1), 65-71.
[7] Zhang, X., Xiao, P., Feng, X., Yuan, M. (2017)
Separate segmentation of multi-temporal
high-resolution remote sensing images for object-based change detection in urban area. Remote Sensing of Environment. 201, 243-255.
[8] Sirinukunwattana, K., Raza, S., Tsang, Y.,
Snead, D., Cree, I., Rajpoot, N. (2016) Locality
sensitive deep learning for detection and classification of nuclei in routine colon cancer histology images. IEEE Transactions on Medical
Imaging. 35(5), 1196-1206.
[9] Lee, K., Street, W. (2003) Model-based detection, segmentation, and classification for image
analysis using on-line shape learning. Machine
Vision & Applications. 13(4), 222-233.
[10] Nicolas, A., Bertrand, L., Lefevre, S. (2017)
Segment-before-detect, vehicle detection and
classification through semantic segmentation of
aerial images. Remote Sensing. 9(4), 368-372.
[11] Sun, W., Wang, R. (2018) Fully convolutional
networks for semantic segmentation of very
high resolution remotely sensed images combined with DSM. IEEE Geoscience and Remote
Sensing Letters. 124(99), 1-5.
[12] Qin, R., Fang, W. (2014) A hierarchical building detection method for very high resolution
remotely sensed images combined with DSM
using graph cut optimization. Photogrammetric
Engineering & Remote Sensing. 80(9), 873883.
[13] Mohammadi, F., Salehi, B., Mandianpari, M.,
Gill, E., Molinier, M. (2019) A new fully convolutional neural network for semantic segmentation of polarimetric sar imagery in complex land cover ecosystem. Journal of Photogrammetry & Remote Sensing. 151(5), 223236.
[14] Wang, H., Wang, Y., Zhang, Q., Xiang, S., Pan,
C. (2017) Gated convolutional neural network
for semantic segmentation in high-resolution
images. Remote Sensing. 9(5), 62-70.
[15] Ozcan, O. (2019) Multitemporal analysis of
coastal dynamics by high-resolution reconstruction of topography using UAVs. Fresen.
Environ. Bull. 28(2), 949-955.

CONCLUSIONS
In this study, we presented an effective and
simpler method called ASPF for small object detection in complex environments. In the method proposed, which combined manual setting and automatic feature selection, we assigned each instance
to different FPN layers to predict the object position
and corresponding boundary. An effective approach
was also designed to address overlapping bounding
boxes. It revealed that the strategy could accurately
detect overlapping targets, which usually include
many small objects that can often be left out. The
results of experiments revealed that the effectiveness of the ASPF compared with standard benchmarks. Compared with other detectors, the ASPF
method can improve the MAP for small object detection.
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ABSTRACT

INTRODUCTION

In this paper, an experimental device is set up
for the hydraulic system of the static offset push-bit
rotary steerable drilling tool, and a preferred scheme
for the hydraulic system of the static offset push-bit
rotary steerable drilling tool is proposed by the experimental method. The bypass throttling speed control circuit has been tested at different temperatures
and different throttle groups. Based on the lab test, it
is found that the pressure control system, including
the bypass speed control circuit and the brushless DC
motor, has good rigidity The results shows that the
rigidity of the system increases with the fluid resistance, and the displacement and working pressure
is closer to linear; the power consumption is less
mainly depends on the relationship between the
working pressure and the temperature of the hydraulic oil. Hydraulic system wants to obtain the good rigidity at high temperature, the requirements for motors and hydraulic pumps performance are higher.
The control of hydraulic systems can be achieved by
precise efficient control of DC motors, and its characteristics are more suitable for the control characteristics of hydraulic execution systems of rotary
drilling tools, which need to save energy as much as
possible. This system could effectively improve the
ROP, and has important environmental protection
significance.

The static offset push-bit rotary steerable drilling tool [1-4] is a drilling system that provides lateral
force to the bit by means of rib pushing, and the leaning wing rib does not rotate with the drill string or
the rotation speed relative to the rotation speed of the
drill string can be ignored. The hydraulic executive
system [5-6] is the only source of guiding force for
this kind of rotary tools, and the performance of the
hydraulic execution system directly affects the working effect of the rotary steering. In this paper, through
the experimental study of hydraulic executive system, through the changes of temperature, flow rate
and liquid resistance, the variation law of working
pressure and power consumption with parameters is
revealed. Thus, the design scheme of hydraulic circuit, the suitable range of temperature and working
pressure are verified, and the power and hydraulic
components such as motor, pump and valve are optimized, which provides experimental basis the design of hydraulic offset system of the static offset
push-bit rotary steerable drilling tool.
According to the characteristics of mechanical
structure and working environment of downhole
drilling tools, the hydraulic system with simple
structure, small volume, light weight, safe and reliable operation, convenient maintenance and good
economy is selected. According to the structural
characteristics of static offset push back bit rotary
steering tool, that is, the hydraulic execution system
is still or slowly rotating relative to the formation,
the low power system can be optimized to reduce the
dynamic response characteristics of the system.
Therefore, two hydraulic schemes are determined:
the solenoid valve commutation circuit [7-9] and the
throttle speed control circuit [8] (Figure 1).
The solenoid valve commutation circuit [10]
control the hydraulic piston by the on-off control of
the hydraulic pipeline through the electromagnetic
directional valve; the throttle speed control circuit
[11-12] uses the principle that the throttle valve

KEYWORDS:
Hydraulic system, static bias mechanism, rotary steering
system, downhole drilling tool, energy saving, environmental protection
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(b)

FIGURE 1
Solenoid valve commutation circuit and throttle speed control circuit
produces different working pressure under different
displacement conditions to control the hydraulic piston. Considering the control precision of hydraulic
system and the miniaturization of hydraulic components, the throttling speed regulating circuit is selected. The independent micro bypass throttling
speed control circuit system is constituted by high
temperature micro brushless DC motor, micro high
pressure plunger pump and micro cartridge valve, etc.
By adjusting the motor speed, the displacement of
the plunger pump is controlled. Through the pressure
feedback of the pressure sensor, the closed-loop accurate control of the entire hydraulic circuit is obtained.

line of pressure sensor is connected with the pressure
acquisition board. The main control board is used for
driving control of the driving board and judging the
data of pressure sensor, but also forming a humancomputer interaction system with PC test software.
Under different external environment (temperature),
the main control board drives the hydraulic system
with the motor speed and the pressure in pressure
chamber as the targets, and the response parameters
are also recorded (Figure3).
The experiment is carried out in Sinopec Key
Laboratory of measurement and control while drilling, and the constant temperature test box can be adjusted from normal temperature to 300 ႏThe medium No. 32 hydraulic oil is vented before the experiment [13], and the specific performance is shown in
Table 1. The throttle valve is a fixed orifice, which
means each throttle valve corresponds to a fixed
throttle value. And the flow resistance value (Lohm)
[14-16] is 102000, 126000, 158000 and 200000 respectively. The test software, pressure acquisition
circuit board, motor drive circuit board and general
control circuit board are all designed and manufactured by the project team. The control software can
be used for manual or automatic control with pressure and motor speed as the target. The whole system
can realize the functions of automatic heating, automatic measurement and timing shutdown under unattended conditions.

MATERIALS AND METHODS
Experimental device and basic conditions.
Firstly, the brushless DC motor, plunger pump, valve
group, high-pressure oil tank and oil pool are combined a complete experimental unit of throttling
speed regulation hydraulic circuit, as shown in Figure 2. The experimental unit is put into the adjustable
incubator. At the same time, the lead wire of Brushless DC motor and the signal line of pressure sensor
are led out. The wire of Brushless DC motor is connected with the driving circuit board, and the signal

FIGURE 2
Hydraulic system experimental unit.
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FIGURE 3
Throttle speed control hydraulic circuit experimental device.

Type

Proportion
˄g/cm2˅

32#

0.872

TABLE 1
Hydraulic oil parameters
Flash point
Flow point
˄ႏ˅
˄ႏ˅
210

Viscosity 100
˄CST˅

Viscosity 40
˄CST˅

6.1

32

-39

TABLE 2
Throttle valve LOHM value and safety valve opening pressure
NO.

#1

#2

#3

#4

LOHM
PSi

102k
3200

126k
3200

158k
3200

200k
3200

Experimental methods and procedures. Prepare four sets of valve blocks including one throttle
valve and one safety valve. Lohm value of throttle
valve and opening pressure of safety valve are shown
in Table 2. In order to avoid the interference of motor,
hydraulic pump and other individual parameters on
the test data, four sets of valve groups were combined with the same group of motor and plunger
pump respectively. Six temperature points of 24 ႏ
(room temperature), 40 ႏႏႏႏand
ႏwere tested by constant temperature box, and
the temperature was kept for 2 h after each temperature rise to the set temperature. Under different motor speed and pressure targets, the corresponding
voltage, current and other parameters are recorded.
The plunger diameter and efficiency of the same
plunger pump are fixed so that each speed can be
converted into a unique corresponding displacement.

Figure 4~Figure7. The resistance valve of No.1 to
No.4 valve group gradually increases, and the opening pressure of relief valve is about 3200psi. At 16 ႏ
and 60 ႏthe curve break points may be caused by
impurities in the hydraulic oil, which will not appear
after fine filtration or oil change. It can be seen from
Figure 4 that for the same throttle valve, the higher
the temperature is, the stronger the exponent of the
curve is. For the curve of 160 ႏand 80 ႏof the
valve group, the speed and pressure can be regarded
as a linear proportional relationship in the range of
1000psi-3500psi. Figure 5 shows the relationship between the hydraulic system pressure and the motor
speed when valve group 2 is tested and recorded at
different temperatures. The diagram shows that the
pressure shows the characteristics of indicator curve
with the increase of speed. The curves coincide at
 ႏ  ႏ and 100 ႏ mostly. This is also confirmed by Figure 6 and Figure 7, which shows that
the performance of hydraulic oil is stable enough in
the temperature range of 60 ႏ- ႏ Comparing
the curves of increasing and decreasing speed in Figure 5, Figure 6 and Figure 7, the rising curve and descending curve are nearly symmetrical. So the rising
curve is measured for the test of valve block 4. Figure 5 to 8 show that the hydraulic system pressure
reaches 3000 psi at 80 ႏwith 1900r / min for valve
group 1 and 2, 1400R / min for valve group 3 and
1000 R / min for valve group 4.

RESULTS
Influence of rotating speed of the motor on
the pressure of hydraulic system. The speed pressure curves of different throttle valve groups at different temperatures were measured by throttle speed
control circuit. The relationship between motor
speed and hydraulic pressure of No.1, No.2, No.3
and No.4 valve groups are recorded respectively in
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The power varying with temperature under different pressure. Figure 8 to Figure 11 show the relationship between motor speed and hydraulic system
power of four valve groups at different temperatures.
It can be seen from the curve that for the same valve
group, the power of pressure relief system under different temperatures only increases with the increase
of system pressure, which indicates that the main
work point of the hydraulic system is pressure output
[9, 17]. The influence of temperature on power output is very small in all valve groups, and the hydraulic pressure is the decisive factor of the power. With
the increase of liquid resistance of throttle valve, the
required power increases when the system reaches
the same pressure.

Influence of different liquid resistance of throttle valve on working pressure. Figure 12 shows the
change curve of working pressure under the condition of 80 ႏtemperature at which the performance
of hydraulic oil remains unchanged. Figure 13 shows
the working pressure variation curve of different
valve groups under the temperature of 100 ႏ. Under
the condition of the same performance of hydraulic
oil, the greater the flow resistance, the stronger the
rigidity of the hydraulic system [18-20]. In other
words, the greater the slope of the curve is, the closer
it is to the exponential curve.

FIGURE 4
1# Pressure vs. speed curve.

FIGURE 5
2# Pressure vs. speed curve.
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FIGURE 6
3# Pressure vs. speed curve.

FIGURE 7
3# Pressure vs. speed curve.

FIGURE 8
1# Power vs. pressure curve.
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FIGURE 9
2# Power vs. pressure curve.

FIGURE 10
3# Power vs. pressure curve.

FIGURE 11
4# Power vs. pressure curve.
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FIGURE 12
ć.
Pressure vs. speed curve at 80ć

FIGURE 13
Pressure vs. speed curve at 100ć.
and volume limit, the maximum transmission energy
is not more than 150W. Therefore, it is recommended
to select throttle valve with high hydraulic resistance
to meet the requirements of low power consumption.
In this paper, 32 hydraulic oil is selected and its
performance is basically stable from 60 ႏto 120 ႏ
It is suggested that after further high temperature test,
it can be used as the oil for the hydraulic offset system of the static offset push-bit rotary steerable drilling tool.
In the field of petroleum exploration, the application of this system can improve the ROP, shorten
the well construction cycle, save the development
cost, increase the drilling rate of reservoir, and
greatly improve the single well production and economic benefits.

Influence of different throttle threshold on
power. As shown in Figure 14 and Figure 15, the
power of different valve groups changes with the
pressure of the hydraulic system. It can be seen from
the figure that the power is nearly proportional to the
pressure. The greater the hydraulic resistance value,
the smaller the power required when reaching the
same pressure.
The research shows that the pressure execution
and control system composed of bypass speed control circuit and brushless DC motor can be used as
the power source of static offset push-bit rotary steerable drilling tool, but the relevant components need
to be optimized.
Since the energy of static offset push-bit rotary
steerable drilling tool actuator comes from non-contact electric energy transmission, and the structure
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FIGURE 14
ć.
Power vs. Pressure curve at 80ć

FIGURE 15
Power vs. Pressure curve at 100ć.
(3) For the same liquid resistance value throttle
valve, the higher the temperature, the worse the system rigidity, the smoother the curve, the higher the
speed required to reach the target pressure, and the
stronger the performance requirements for motor and
hydraulic pump.
(4) The control accuracy of the system depends
on the control accuracy of DC motor, and has no special requirements for hydraulic components. It can
be used as the hydraulic executive system of rotary
drilling tools.
(5) Under the condition that all the power supply is from the mud generator, the throttle valve with
larger flow resistance value is adopted in the system,
which can consume less energy when getting the
same hydraulic pressure, and it has a better economy.
This system could effectively improve the ROP, and
has important environmental protection significance.

CONCLUSIONS
This paper presents a method to realize pressure regulation control through bypass throttling
speed regulating circuit, and verifies the influence of
different parameters on the system through experiments, and proves the feasibility and efficiently of
the system as the hydraulic system of static offset
push-pull rotary steering drilling tool. The following
conclusions and suggestions can be drawn from the
experiment:
(1) The pressure control system composed of
bypass speed regulation circuit and brushless DC
motor has good rigidity, and a good linear relationship can be obtained by selecting the appropriate
pressure working range.
(2) The larger the liquid resistance of throttle
valve is, the stronger the rigidity of the system is, that
is, the closer the relationship between displacement
and working pressure is. The power consumption of
the system mainly depends on the working pressure,
and has little relationship with the temperature of the
hydraulic oil.
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types of gears and intensively to capture anything
possible before the annual cutoff date is reached
[2]. The Red Sea is characterized by its low
productivity (oligotrophic ecosystem), due to
photosynthesis limitation and low terrestrial run-off
of nutrients [3]. In the South of the Red Sea, the
seasonal variations in biomass of plankton and
abundance are more comparable to the Indian
Ocean ecosystem than the Mediterranean [4]. Reef
fish, sharks, euphausiids and dinoflagellates are
endemic to the Red Sea [5]. Nearly 1200 species of
fish live in the marine ecosystem of the Red Sea are
threatening [6]. There are noteworthy variations in
the diversity of fish species, the variety of
organisms and the set of compositions in various
Red Sea sites, reflecting the diversity of its
environment [7]. Saudi Arabia’s Red Sea coastline
is approximately 1,500 km long, larger than the
coastlines of any other Red Sea nation. It is
considered to be the main source of fish production
in Saudi Arabia [8].
The Saudi Fisheries of the Red Sea is split into
two fishing fields, artisanal and industrial. The
artisanal sector is the most common in Red Sea
Saudi waters. The artisanal sector uses seven types
of gear according to the [9]: shrimp trawl, gillnet,
hooks, wire trap, troll, longline and hand lines.
Artisanal boat fishing operations are conducted in a
range of environments, from shallow coastal bays
to deep offshore bays. Grouper and emperor are the
most important marketing species in Saudi Arabia.
Despite the economic value of these species, there
are no species-specific biological stock assessments
available [1]. There is an urgent necessity to assess
the status of grouper and emperor species in Red
Sea Saudi waters especially with the remarkable
continuous decline in the productivity of the catch
due to the depletion of fish stocks and
environmental changes (pollution, temperature
change and the destruction of hosts).
The emperor (Family Lethrinidae) and
grouper (Serranidae) a marine fish are widely
distributed in both tropical and subtropical areas
worldwide [10,11]. Groupers and emperors are
predators on coral reefs with unique features that
make them especially vulnerable, such as large

ABSTRACT
Fishing is an important food source, with a
high economic benefit and social significance. The
current alarming fisheries scenario is the outcome
of an interaction with the various factors (e.g.
climate change, natural fluctuation, technical
innovation), but the key challenges are overfishing
and climate change. The current study was carried
out to estimate the status annual catch of grouper
and emperor species fisheries from six landing sites
in the Umluj region, Saudi Arabian Red Sea coast
using statistics landing annual catch data from
Fisheries Statistics, Directorate of Fisheries, Saudi
Ministry of Environment, Water and Agriculture
during the period from 2011 to 2016. Landing data
showed a significant continuous decline in the total
annual catch for groupers (Serranidae) and
emperors (Lethrinidae) species, proving that the
two species are low in stock abundances. Owing to
changes in habitat quality and overfishing, the
decline in stock abundance can occur. The results
indicated that no significant difference between the
gill nets and the traps for both of the grouper and
the emperor and low significant differences among
landing sites. These findings may help to develop a
monitoring program for the status of grouper and
emperor in the west Saudi Arabian coast and
contribute to a better management strategy.

KEYWORDS:
Grouper and emperor species fisheries, fishing gear,
Umluj landings, Red Sea

INTRODUCTION
Fisheries are an essential source for food
sustainability in many countries around the world,
especially coastal countries, where fish are
characterized by high-value animal protein [1].
Fisheries are subject to extreme depletion and
destruction, being a resource under global,
widespread and large use. Most international
fisheries are already targeted extensively by various
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sizes, long lives, sluggish growth and delayed
reproduction [12,13]. Because of the high demand
for groupers and emperors and its high marketing
value (around 15$/kg), they became essential target
for Saudi fishermen. Therefore, groupers and
emperors suffering from heavy fishing burden to
over-exploit [13]. The Umluj was chosen as the
research region because of its significant
contribution to fish production in Saudi Arabian
Red Sea coastline. Therefore, the current
investigation was carried out to estimate the
captures rate of groupers and emperors species
from six landing sites in the Saudi Arabian Red Sea
coast (Umluj region) for 2011 to 2016 period by all
fishing gear types used in the region. This
information is essential to promote future
conservation plans for the fisheries along the Saudi
Arabian Red Sea coast.

and hook and line to know the extent of their
impact on the average fish yield of the grouper and
emperors. Figure 2 shows the species of both
groupers and emperors that have been evaluated.
6WDWLVWLFDO DQDO\VLV All statistical analyses
were carried out using SAS/STAT® 9.3 software
(Copyright © 2011, SAS Institute Inc., Cary, NC,
USA). Data were performed to one-way ANOVA
using the General Linear Model (GLM) procedure.
The means were compared for significance by
Tukey post-hoc tests. A P-value of less than 0.05
was considered significant.

RESULTS AND DISCUSSION
7RWDO ILVKHU\ FDWFKHV LQ 8POXM Reliable
knowledge about the temporal changes in fish
stocks is essential to advance effective strategies for
conservation and management. In the Arabian Gulf,
Saudi Arabia is the only country with connections
to both the Arabian Gulf and the Red Sea. While
Saudi Arabia's Red Sea coastline is three times
longer than its Gulf Coast, Saudi catches from both
coasts are similar [3]. According to [14] fishery
landing statistics are the only source of information
for developing plans and making decisions - as
throughout the world. However, it is well
authenticated that landing statistics underestimate
the actual landings because of the too illegal,
unregistered or under-reported catches [15-17].
Nevertheless, this data can be applied in stock
estimation procedures, if the mentioned bias is
stable throughout the years. Depending on the
source of the statistical fish landings in the Umluj
region, the majority of the total annual fisheries
catches were emperor and grouper species. The
results, in general, through the statistical data of the
fish landing ports in the Umluj region, from 2011 to
2016 showed a decrease in the total annual catch of
Emperors, as the highest yield was 75.6 tons (2013)
and the lowest was 46.5 tons (2016). There is a
significant decrease in the monthly average catch
during the last three years of investigation (20142016) for the Emperors fisheries (Table 1 and
Figure 3). The results of this study are consistent
with [12] findings that emperor species are being
overexploited on Oman's Arab Sea coast and that
fishing demand for legitimate use should be
decreased by 50 to 75 per cent. In addition, [1]
indicated that the emperor is suffered overfishing in
Saudi coastal waters of the Red Sea and a need for
a new management strategy is necessary to
conservation and sustainability of the stock status
of emperors species. Among the five Emperors
species caught, Yellowstripe Emperor was the
highest catch (23 tons yield during 2011) and the
lowest was caught was Spangled Emperor (0.5-ton
yield during 2012). With respect of grouper species,

MATERIAL AND METHODS
6WXG\ VLWH Umluj Governorate is located on
the western coast of the Kingdom of Saudi Arabia
on the Red Sea, and is considered one of the most
important fishing ports and landings for fishery. It
is located in (N 25 02 13 E 37 17 16), it is located
at the beginning of the northern part from the
administrative area to supervise the fisheries of the
Red Sea coast, which is called Tabuk and Medina
region. The port of Umluj is about 450 km north of
Jeddah. Umluj is the most important commercial
port on the Red Sea of the Kingdom of Saudi
Arabia. Under the administration of the port of
Umluj there are six landing ports for marine
catches, which are Umluj N 25.0217280 E
37.2661390, Al-Kuwara N 25.3718122 E
37.0894967,
Al-Hurra
N
25.2010940
E
37.2242710, Al-Hassi N 24.6234017 E 37.3291625,
Al-Kharj N 25.6720324 E 36.8778932, and AlShabaan N 24.7584430 E 37.2254495 (Figure 1).
The port of Umluj is characterized by the presence
of two islands Umm Sahar and Jabal Hassan, which
are used by fishermen as sites where the fishing
process is carried out, such as the installation and
preparation of traps to land them in the sea, hooks
and gillnet.
)LVKHU\ ODQGLQJ GDWD The data set used in
this study was composed of statistics landing
annual catch data, for selected species and fishing
gear in the Umluj Governorate in the Red Sea were
obtained from the Fisheries Statistics, Directorate
of Fisheries, Saudi Ministry of Environment, Water
and Agriculture during the period from 2011 to
2016 (Ministry of Environment, Water and
Agriculture) in order to evaluate the annual mean
catch of groupers ( Serranidae) and emperors
(Family Lethrinidae) species. Also, to assess
fishing gear used, whether they were gill nets, traps
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the range of total catch was between 39.4 to 18.5
tons during the period of 2011 to 2016 respectively.
The rate of grouper species catches decreased to
47% in 2016 compared to the yield in 2011. As
illustrated in Table 2, and Figure 4 the grouper
Halfspotted hind comprised the majority of the total
annual grouper fisheries accounting, as overall,
17.7 tons in 2011 followed by the Areolate grouper
by 8.4 tons and the lowest yield came from the
Greasy grouper by 1.3 tons in the same year.
Generally, the data showed a significant (P < 0.05)
decrease in the average monthly catch of grouper
during the period from 2011 to 2016. This result is
in agreement with the findings of [18] who
mentioned that national fishery statistics for landing
stations from 2010 to 2016 showed a sharp decline
in white grouper Epinephelus aeneus in the
northeastern Mediterranean. When comparing the
total annual yield between Groupers and Emperors
species during the study period (2011 to 2016), the
total annual catch of the Emperors species
represented 65% during 2011 and the remainder
was the grouper species. This was followed by an
increase in the total annual yield of the Emperors

species with a decrease in the catch of Groupers
species, which reached 28.4% in 2016. Despite
Saudi Arabia try to control and manage the
exploitation of grouper species in the Red Sea by
closed seasons and mesh-size restrictions for gill
nets but still, its yield of grouper species is decline.
Fisheries reduce fish populations and decrease
reduce population sizes to less than those for
unexploited stocks and this may not only affect
exploited populations but also related species that
are predators and prey or species competing with
the target species for food resources. Therefore, it is
important to monitor changes in fish communities
also, to the exploited stocks to ensure that the
ecosystem is not damaged by the fish catch.
Fisheries have a huge impact on aquatic
environments [19] and proper resource and
consumer assessment would play a key role in
successful conservation. Furthermore, changing the
marine fisheries aquatic ecology is one of the key
reasons for decreasing the fish's biological growth
rate which leads to a decline in the percentage of
fish stocks at a biologically sustainable level. The

TABLE 1
7KHWRWDODQQXDODQGDYHUDJHPRQWKO\FDWFKRI(PSHURUVVSHFLHVIURPWKH8POXMFRDVWWKH5HG6HD
GXULQJWKHGLIIHUHQWSURGXFWLYH\HDUV
<HDU
&DWFK
.J
6SHFLHV
Sk
%L
Ye
Re
6S
7RWDO

2011

7RWDO
&DWFK
21469
19835
23018
7822
987
73131

0HDQ
1789a
1652ab
1918a
651a
82a
6094a

2012

7RWDO
&DWFK
20696
21128
22373
6544
512
71253

0HDQ
1724a
1760ab
1864ab
545b
42c
5937a

2013

7RWDO
&DWFK
19648
24410
22442
8320
779
75599

2014

0HDQ
1637ab
2034a
1870ab
693a
64b
6300a

ToWDO
&DWFK
15902
18439
21460
6290
560
62651

0HDQ
1325b
1536bc
1788b
524b
46c
5220b

2015

7RWDO
&DWFK
11930
15300
18700
5850
586
52366

0HDQ
994bc
1275cd
1558c
487c
48c
4363c

2016

7RWDO
&DWFK
9450
14880
15900
5450
915
46595

0HDQ
787c
1240cd
1325d
454c
76b
3882d

a,b and c Means within the same row with different letters are significantly differed (p < 0.05).
SK, Sky Emperor, Lethrinus mahsena; BI, Big-eye Emperor, Monotaxis grandoculis; YE, Yellowstripe Emperor, Lethrinus
ramak; RE, Redspot Emperor, Lethrinus lentjan and SP, Spangled Emperor, Lethrinus nebulosus

FIGURE 1
/RFDWLRQPDSRIILVKODQGLQJVLWHVLQWKH8POXMUHJLRQ1, Al-.KDUM$O-.KDZDUD$O-+XUUD
8POXM 5, Al-6KDEDDQDQGAl-KXVL
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)LVKLQJ JHDU DQG /DQGLQJ ILVKHU\ VLWHV LQ
8POXM According to the Saudi Ministry of
Agriculture, Water and Environment, artisanal
fishing is the most commonly used in the Umluj
region with three fishing gears were traps, hooks
and gillnets. About 35 % of the fishermen use
gillnet and hooks fisheries, with another 21 % and
19 % of the fishermen use traps and trawl fisheries,

result of the data analysis of this study confirms this
reason in the Umluj marine fisheries in the
Kingdom of Saudi Arabia [20]. The most basic and
informative data in fisheries are time series of catch
and effort [21], from which catch per unit effort
(CPUE) is measured, which can be an indication of
abundance when used with caution [22]. That is
why data collection on the fishery is important both
local and international levels [23].

+DOIVSRWWHGKLQG Cephalopholis
hemistiktus

5HGPRXWKJURXSHUAethaloperca
rogaa

6N\(PSHURU Lethrinus mahsena

%LJ-H\H(PSHURUMonotaxis
grandoculis

<HOORZVWULSH(PSHURULethrinus
ramak

*UHDV\JURXSHUEpinephelus
tauvina

$UHRODWHJURXSHU Epinephelus
areolatus

5HGVSRW(PSHURULethrinus lentjan

6SDQJOHG(PSHURU Lethrinus
nebulosus
FIGURE 2
*URXSHUVDQG(PSHURUVVSHFLHVWKDWZHUHHYDOXDWHGLQ8POXM UHJLRQ

&RUDOKLQGCephalopholis miniate
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TABLE 2
7KHWRWDODQQXDODQGDYHUDJHPRQWKO\FDWFKRI*URXSHUVVSHFLHVIURPWKH8POXMFRDVWWKH5HG6HD
GXULQJWKHGLIIHUHQWSURGXFWLYH\HDUV
<HDU
&DWFK.J
6SHFLHV
H
R
G
A
C
7RWDO

2011
7RWDO
&DWFK
17717
5550
1360
8405
6374
39406

0HDQ
1476a
462a
113a
700a
531b
3284a

2012
7RWDO
&DWFK
13856
4254
925
8028
6872
33935

0HDQ
1155b
355b
77b
669a
573ab
2828ab

2013
7RWDO
&DWFK
17679
6226
1240
7656
5088
37889

0HDQ
1473a
519a
103a
638b
424c
3157a

2014
7RWDO
&DWFK
11242
2312
778
6601
7297
28230

0HDQ
936bc
192d
62bc
550c
608a
2352b

2015
7RWDO
&DWFK
8913
1942
695
5930
6493
23973

0HDQ
742c
161d
57c
494cd
541b
1997c

2016
7RWDO
&DWFK
6493
2337
590
5030
4069
18519

0HDQ
541d
194d
49c
419d
339d
1543d

a,b and c

Means within the same row with different letters are significantly differed (p < 0.05).
H, Halfspotted hind, Cephalopholis hemistiktus; R, Redmouth grouper, Aethaloperca rogaa; G, Greasy grouper, Epinephelus
tauvina; A, Areolate grouper Epinephelus areolatus and C, Coral hind, Cephalopholis mini

FIGURE 3
7KHWRWDODQQXDOFDWFKRI(PSHURUVVSHFLHVIURPWKH8POXMFRDVW5HG6HDGXULQJWKHGLIIHUHQWSURGXFWLYH
\HDUV

FIGURE 4
7KHWRWDODQQXDOFDWFKRI*URXSHUVVSHFLHVIURPWKH8POXMFRDVW5HG6HDGXULQJWKHGLIIHUHQWSURGXFWLYH
\HDUV

498

© by PSP

Volume 30– No. 01/2021 pages 494-503

Fresenius Environmental Bulletin

TABLE 3
7KHWRWDODQQXDODQGPRQWKO\PHDQFDWFKRI*URXSHUVDQG(PSHURUVVSHFLHV
IURPWKH8POXMFRDVWEDVHGRQILVKLQJJHDU
)LVKLQJJHDU
*URXSHUV
H
R
G
A
C
7RWDO
(PSHURUV
SK
BI
YE
RE
SP
7RWDO

7UDSV

0HDQ

Hooks

0HDQ

*LOOQHW

0HDQ

22640
6506
1888
15390
14376
60800

566a
371a
205a
493a
521ab
834a

33410
7588
1690
12760
9477
64925

518a
328a
231a
703a
344b
594b

19850
8527
2010
13500
12340
56227

498a
355a
211a
515a
747a
770a

37890
47470
42468
10987
1140
139955

526a
659a
589a
152b
15b
1944a

24470
27800
39850
17921
2209
112250

339b
386c
553a
248a
30a
1559b

36735
38722
41575
11368
990
129390

510a
538b
577a
158b
13b
1797a

a,b and c Means within the same row with different letters are significantly differed (p < 0.05).
H, Halfspotted hind, Cephalopholis hemistiktus; R, Redmouth grouper, Aethaloperca rogaa; G, Greasy grouper, Epinephelus
tauvina; A, Areolate grouper Epinephelus areolatus and C, Coral hind, Cephalopholis miniate
SK, Sky Emperor, Lethrinus mahsena; BI, Big-eye Emperor, Monotaxis grandoculis; YE, Yellowstripe Emperor, Lethrinus
ramak; RE, Redspot Emperor, Lethrinus lentjan and SP, Spangled Emperor, Lethrinus nebulosus

TABLE 4
7KHWRWDODQGPRQWKO\PHDQFDWFKRI*URXSHUVDQG(PSHURUVVSHFLHVIURP
WKH8POXMFRDVWEDVHGRQODQGLQJVLWHV
/DQGLQJ
6SHFLHV

1

2

3

4

5

6

7
FDWFK

0HDQ

7
FDWFK

0HDQ

7
FDWFK

0HDQ

7
FDWFK

0HDQ

7
FDWFK

0HDQ

7
FDWFK

0HDQ

H
R

3674
2749

51d

8246

114c

38400

533a

49

a

12500
5012

174b

b

5750
1780

79c

3549

7330
4521

101c

b

G

1240

a

805

11

b

900

a

13

587

1102

15a

A

2800

c

8450

5030

69.9b

C

7050

ab

97

2451

34

3580

49b

7RWDO

17513

243c

23501

(PSHURU
SK
BI

15859

220b

17680

a

*URXSHU

YE
RE

17820
6910

38

17
38

245
247

b

a

95

SP

647

8

7RWDO

58916

818 b

b

a

5010

12

b

954

53

b

19300

268a

2200

b

12300

170

a

8012

111

62

69

24
8

c

c

69a

ab

3870

b

2800

38

326b

19421

269c

75964

1055a

18329

254c

27224

378b

16420

228b

15900

220b

17416

241a

16250

226b

17250

239a

17592

a

17900

a

24650

342

a

17750

247a

18420

255a

445

a

17520

243b

18234

253b

8452

117

a

6271

87 b

6710

93 ab

1070

a

14

674

9b

641

8b

83638

1161 a

58465

812 b

61255

850 b

21500
5862

117

244
298
81

b

b

b

674

9

62048

861 b

16769
6071

248
232
84

b

b

b

633

8

57273

795 b

32050

30

c
a

a,b and c

Means within the same row with different letters are significantly differed (p < 0.05).
1, Al-Kharj; 2, Al-Khawara; 3, Al-Hurra; 4, Umluj 5, Al-Shabaan and 6, Al-husi
H, Halfspotted hind, Cephalopholis hemistiktus; R, Redmouth grouper, Aethaloperca rogaa; G, Greasy grouper, Epinephelus
tauvina; A, Areolate grouper Epinephelus areolatus and C, Coral hind, Cephalopholis miniate
SK, Sky Emperor, Lethrinus mahsena; BI, Big-eye Emperor, Monotaxis grandoculis; YE, Yellowstripe Emperor,
Lethrinus ramak; RE, Redspot Emperor, Lethrinus lentjan and SP, Spangled Emperor, Lethrinus nebulosus

respectively. The results showed through the
statistical data of the landing sites during the period
of six years investigation, there is no significant
difference between the gill nets and the traps for
each of the Groupers and the Emperors, as the
average monthly catches were in a range of 0.77 0.83 tons for the Groupers, and 1.7- 1.9 tons for the
Emperors respectively (Table 3 Figure 5 a and
Figure 5 b). The data of the fishery landing sites
recorded significant (P < 0.05) differences for the
mean catches of Groupers and Emperors during the
period of 2011 to 2016. The Umluj station owned

the highest mean for Groupers and Emperors
species catches 1.05 and 1.16 tons respectively,
while the Al-Hurra, Al-Kharj and Al-Shabaan
stations were owned the lowest mean catches for
Groupers species. No significant differences for the
mean catches for Emperors species among AlKhawara, Al-Hurra, Al-husi, Al-Kharj and AlShabaan stations (Table 5 and Figure 6). The
differences in the rate of catches of grouper and
emperor species from different landing sites may be
due to the number of fishermen and fishing boats
registered for each site.
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\HDUí DQG RQO\ VORZO\ JUHZ 7KH ELJ VKLIW LQ
overall Saudi Arabian catch happened in the early
1980s, with the rapid motorization of artisanal boats
and the beginning of industrial fisheries. Peak
FDWFK LH VRPH  Wā \HDUí KDppened in the
mid-1990s, after which catches fell to about 40,000
Wā\HDUíDWWKHHQGRIWKHV[3]. Artisanal and
investor fishing accounted for 68 % of landings
recorded from the Saudi Arabian Red Sea as of
2006, with 32 % from the industrial fishery sector.
Industrial fisheries include line fishing, gill netting,
fish trapping and shrimp trawling and demersal fish
[30]. The coastline bordering the Red Sea
represents about 79% of the total Saudi Arabian
coast. Fishing effort is very high in central and
southern waters from Jeddah to the Farasan Islands.

Commercial fishing landings may include
indicators of improvements in the nature and
distribution of fish populations [24], covering wide
areas and many species— and are thus critical for
the identification of natural or anthropogenic
impacts on marine environments. Fishery landings,
however, have many limitations, since many factors
can influence recruiting and consequently
abundance [25]. This includes environmental
conditions, methods of fishing, fishing facilities,
behaviors of fishermen, shifting economies,
discarding, management and economic factors [2629]. Despite these determinations, commercial
fishery landing data may provide valuable
information on the marine population dynamics. At
the beginning of the 1950s, Saudi Arabian fisheries
catches in the Red Sea were low, about 7,000 t·

),*85(D
7KHWRWDODQQXDOFDWFKIURPWKH8POXMFRDVWEDVHGRQILVKLQJJHDUD*URXSHUVVSHFLHV

FIGURE 5 b
7KHWRWDODQQXDOFDWFKIURPWKH8POXMFRDVWEDVHGRQILVKLQJJHDUXVHGE(PSHURUVVSHFLHV
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(PSHURU
[31] evaluated the reef fish populations in the
central of the Red Sea, the results showed that
fishing pressure has significantly altered the fish
community structure of Saudi Arabian Red.
According to [30] , Red Sea landings have
remained remarkably stable since 1995, fluctuating
between around 20,000 and 24,000 mt while
landings have risen annually in the northern Saudi
Red Sea in 2006 to 2010 (from 2,580 to 4,018 mt).
There seems to be little or no effective protection
for any fishery in the KSA Red Sea waters [32].
There surely are steps in the right direction. The
KSA currently invests in education and science,
capacity building and consciousness among its
population. Nevertheless, without immediate
measures to regulate fisheries along the Red Sea
coast, maybe fish Red Sea species may face serious

collapses in the coming years. Data currently
available does not provide enough information to
develop plans for management and conservations
for grouper and emperor species stocks, because it
does not cover the necessary characteristics of the
biology such as reproduction, maturity stages and
inter-annual changes of age parameters.

CONCLUSION
It can be concluded that based on the fisheries
data in the Umluj region, the Red Sea coast of
Saudi Arabia, there is a continuous decrease in the
total annual catches of grouper and emperor
species. There was no significant difference
between the fishing gear and the total annual catch
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of the grouper and the emperor species. More
research is needed for the fisheries of the western
coast of the Kingdom of Saudi Arabia to develop
plans for the conservation, management and
sustainability of fish stocks.
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7KH TXDOLW\ RI RLO DQG JDV SLSHOLQH LV GLUHFWO\
UHODWHG WR WKH VDIH DQG HIILFLHQW WUDQVSRUWDWLRQ
HQYLURQPHQW DQG FDQ DYRLG WKH HQYLURQPHQWDO
SROOXWLRQFDXVHGE\RLODQGJDVOHDNDJH'XULQJWKH
RSHUDWLRQ RI RLO DQG JDV SLSHOLQHV GXH WR WKH
LQIOXHQFH RI QDWXUDO HQYLURQPHQW DQG JHRORJLFDO
FKDQJHVFHUWDLQGHIRUPDWLRQSUREOHPVPD\RFFXULQ
WKHSLSHOLQH$LPLQJDWWKHGHIRUPDWLRQSUREOHPRI
RLO DQG JDV SLSHOLQHV WKLV UHVHDUFK SURSRVHV D
PHWKRG IRU RLO DQG JDV SLSHOLQH GHIRUPDWLRQ
SUHGLFWLRQ EDVHG RQ WKH IXQFWLRQ FRW [Į  WUDQVIRUP
)RXULHUVHULHV)LUVWWKHIXQFWLRQFRW [Į WUDQVIRUP
WKHHVWDEOLVKPHQWRI)RXULHUVHULHVDQGWKHIXQFWLRQ
RI WKH )RXULHU VHULHV RI WKH FRW [Į  WUDQVIRUP ZH
EULHIO\LQWURGXFHWKHWKHRUHWLFDOPHWKRGSURSRVHGLQ
WKLV UHVHDUFK 2Q WKLV EDVLV WKH IHDVLELOLW\ RI WKH
PHWKRGSURSRVHGLQWKLVUHVHDUFKLVSURYHGE\ZD\
RIH[DPSOHYHULILFDWLRQ5HVHDUFKVKRZVWKDWLQWKH
SURFHVVRISUHGLFWLQJWKHGHIRUPDWLRQRIRLODQGJDV
SLSHOLQHVWKHPHWKRGSURSRVHGLQWKLVUHVHDUFKKDV
WKH PD[LPXP DEVROXWH HUURU RI QR PRUH WKDQ
PP DQG WKH DYHUDJH UHODWLYH HUURU RI RQO\
 7KH SUHGLFWLRQ UHVXOWV DUH VLJQLILFDQWO\
KLJKHU WKDQ RWKHU W\SHV RI RLO DQG JDV SLSHOLQH
GHIRUPDWLRQSUHGLFWLRQPHWKRGV7KHUHIRUHLQRUGHU
WRHQVXUHWKHVDIHRSHUDWLRQRIRLODQGJDVSLSHOLQHV
WKH )RXULHU VHULHV SUHGLFWLRQ PHWKRG EDVHG RQ WKH
IXQFWLRQFRW [Į WUDQVIRUPFDQEHXVHGWRUHDVRQDEO\
SUHGLFWWKHGHIRUPDWLRQRIRLODQGJDVSLSHOLQHV7KLV
VWXG\ KDV LPSRUWDQW JXLGLQJ VLJQLILFDQFH IRU
HIIHFWLYHO\LPSURYLQJRLODQGJDVSLSHOLQHJDWKHULQJ
DQG WUDQVSRUWDWLRQ HIILFLHQF\ DQG DYRLGLQJ
HQYLURQPHQWDOSROOXWLRQ
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,QUHFHQW\HDUVGXHWRWKHLQIOXHQFHRIQDWXUDO
HQYLURQPHQW DQG JHRORJLFDO GLVDVWHUV RLO DQG JDV
SLSHOLQHV DUH SURQH WR VKRZ WKH GHIRUPDWLRQ
SUREOHPVGXULQJRSHUDWLRQ>@$WWKHVDPHWLPH
EHFDXVHWKHHDUWK¶VFUXVWZLOODOZD\VEHLQDQDFWLYH
VWDWH DOWKRXJK WKH DFWLYLW\ RI WKH HDUWK¶V FUXVW LV
UHODWLYHO\VPDOOLWZLOODOVRFDXVHPLQRUGHIRUPDWLRQ
SUREOHPVLQRLODQGJDVSLSHOLQHV2QWKHRWKHUKDQG
VRPH RLO DQG JDV SLSHOLQHV LQ &KLQD FURVV WUDIILF
URDGV DQG WKH DFWLYLWLHV RI SHUVRQQHO DQG YHKLFOHV
PD\FDXVHVOLJKWGHIRUPDWLRQRIWKHSLSHOLQH>@
:KHQWKHGHIRUPDWLRQRIWKHRLODQGJDVSLSHOLQHLV
UHODWLYHO\VPDOOLWZLOOQRWDIIHFWWKHRSHUDWLRQRIWKH
RLODQGJDVSLSHOLQH:KHQWKHGHIRUPDWLRQRIWKHRLO
DQG JDV SLSHOLQH LV UHODWLYHO\ ODUJH LW PD\ FDXVH
GDPDJHVVXFKDVSLSHOLQHIUDFWXUHDQGGDPDJH>@
7KHUHIRUH LW LV YHU\ LPSRUWDQW WR FRQGXFW LQGHSWK
UHVHDUFKRQWKHGHIRUPDWLRQRIRLODQGJDVSLSHOLQHV
$WSUHVHQWPDQ\VFKRODUVDWKRPHDQGDEURDG
KDYHFRQGXFWHGLQGHSWKUHVHDUFKRQWKHGHIRUPDWLRQ
RI RLO DQG JDV SLSHOLQHV ,Q  <DQJ HW DO >@
FRQGXFWHGDQLQGHSWKVWXG\RQWKHGHIRUPDWLRQRI
WKH SLSHOLQH E\ XVLQJ $16<6 VLPXODWLRQ 7KH
SLSHOLQH ZDV XVHG LQ WKH UHVHDUFK SURFHVV 7KH
GHIRUPDWLRQRIWKHSLSHOLQHWKHSODVWLFGHIRUPDWLRQ
RIWKHSLSHOLQHDQGWKHIDLOXUHRIWKHSLSHOLQH¶VVWUHVV
SRLQWDQGWKHSLSHOLQHZLOOLQGHHGFDXVHGHIRUPDWLRQ
SUREOHPV XQGHU WKH DFWLRQ RI H[WHUQDO IRUFH +H
IRXQG WKDW RQO\ ZKHQ WKH H[WHUQDO IRUFH UHDFKHV D
FHUWDLQ YDOXH WKH SLSHOLQH GHIRUPDWLRQ UHDFKHV D
FHUWDLQ OHYHO DSSHDULQJ VHULRXV IDLOXUH SUREOHP ,Q
 =KDQJ HW DO DQGRWKHUV >@ FRQGXFWHG LQ
GHSWK VWDWLVWLFDO DQDO\VLV RQ WKH FDXVHV RI SLSHOLQH
GHIRUPDWLRQ DFFLGHQWV 7KH VWDWLVWLFDO DQDO\VLV LV
EDVHGRQWKHVXUYH\GDWDRIWKHDFFLGHQWVLWHDQGWKH
GHVLJQGDWDRIWKHSLSHOLQH7KURXJKDQDO\VLVLWFDQ
EH IRXQG WKDW VHYHUH ZDWHU KDPPHU PD\ FDXVH
VHULRXVGHIRUPDWLRQRIWKHSLSHOLQH
:DQJ HW DO >@ SURSRVHG D SLSHOLQH
GHIRUPDWLRQ GHWHFWLRQ PHDVXUH EDVHG RQ FDOLSHU
GDWD DQG LQWURGXFHG WKH GHWHFWLRQ PHWKRG
V\VWHPDWLFDOO\ $OWKRXJK WKLV PHWKRG FDQ GHWHFW
SLSHOLQH GHIRUPDWLRQ ZLWK KLJK SUHFLVLRQ LW LV

.(<:25'6
(QYLURQPHQWDO SROOXWLRQ IXQFWLRQ FRW [Į  WUDQVIRUP
IRXULHU VHULHV PRGHOLQJ SURFHVV RLO DQG JDV SLSHOLQH
GHIRUPDWLRQ
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,Q IRUPXOD   WKH ULJKW SDUW LV WKH )RXULHU
VHULHV RI WKH IXQFWLRQ 7KH IURQW n WHUPV RI WKH
)RXULHU VHULHV DUH DGGHG XS DQG H[SUHVVHG DV D
Sn t

$W
WKLV
WLPH
IXQFWLRQ

UHODWLYHO\FXPEHUVRPH)RUORQJGLVWDQFHSLSHOLQHV
LW FRQVXPHV D ORW RI PDQSRZHU DQG PDWHULDO
UHVRXUFHV,Q*ODXVHUHWDODQGRWKHUV>@
XVHGIOH[LEOHVHQVRUVWRPRQLWRUWKHGHIRUPDWLRQRI
RLO DQG JDV SLSHOLQHV GXULQJ RSHUDWLRQ 7KH XVH RI
VHQVRUV FDQ DFFXUDWHO\ REWDLQ WKH GHIRUPDWLRQ
LQIRUPDWLRQRIRLODQGJDVSLSHOLQHVEXWWKHVHQVRU
KDV UHODWLYHO\ KLJK UHTXLUHPHQWV IRU WKH
HQYLURQPHQW DQG KDV KLJK DFFXUDF\ XQGHU
ODERUDWRU\ FRQGLWLRQV ,Q SUDFWLFH VHULRXV
PRQLWRULQJHUURUVPD\RFFXUGXHWRWKHLQIOXHQFHRI
WKHHQYLURQPHQW
,WFDQEHVHHQWKDWLQUHFHQW\HDUVDOWKRXJKD
ODUJH QXPEHU RI VFKRODUV KDYH FRQGXFWHG LQGHSWK
UHVHDUFKRQWKHGHIRUPDWLRQRIRLODQGJDVSLSHOLQHV
DQGKDYHREWDLQHGQXPHURXVUHVHDUFKUHVXOWVWKHUH
DUH JHQHUDOO\ FHUWDLQ SUREOHPV LQ WKH UHVHDUFK
/RRNLQJ IRU D VLPSOH DQG ORZFRVW SLSHOLQH
GHIRUPDWLRQSUHGLFWLRQPHWKRGVDUHYHU\LPSRUWDQW
7KLVUHVHDUFKZLOOEHEDVHGRQSLSHOLQHGHIRUPDWLRQ
PRQLWRULQJGDWDDQGLQWURGXFHDPHWKRGEDVHGRQWKH
IXQFWLRQFRW [Į WUDQVIRUP)RXULHUVHULHVWRFRQGXFW
LQGHSWK UHVHDUFK RQ WKH SLSHOLQH GHIRUPDWLRQ
SUREOHP DQG YHULI\ WKH IHDVLELOLW\ RI WKH PHWKRG
SURSRVHGLQWKLVUHVHDUFKWROD\WKHIRXQGDWLRQIRUWKH
VDIHRSHUDWLRQRIRLODQGJDVSLSHOLQHVLQ&KLQD
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)RXULHU VHULHV WUDQVIRUPDWLRQ >@ +RZHYHU LQ
WKHDFWXDOSURFHVVRIVWXG\LQJWKHGHIRUPDWLRQRIRLO
DQG JDV SLSHOLQHV RQO\ D VPDOO QXPEHU RI VHULHV
WHUPVFDQEHXVHGWRH[SUHVVWKHIXQFWLRQRISLSHOLQH
GHIRUPDWLRQ DQG UHODWLYHO\ JRRG UHVXOWV FDQ EH
DFKLHYHG >@ ,Q VXPPDU\ WKH GHIRUPDWLRQ WLPH
VHULHV RI RLO DQG JDV SLSHOLQHV FDQ EH XVHG WR
UHSUHVHQWWKHVHULHVWHUPVRIWKH)RXULHUWUDQVIRUP
,QWKHSURFHVVRIDSSO\LQJ)RXULHUVHULHVFKDQJHVWKH
గ
SDUDPHWHUV ܽ ǡ ܽ ǡ ܾ ǡ ݓሺ ݓൌ ሻ FDQ EH HIIHFWLYHO\

HVWLPDWHGXVLQJJHQHWLFDOJRULWKPV

)RXULHU VHULHV EDVHG RQ WKH WUDQVIRUPDWLRQ
RIIXQFWLRQFRW [Į 7KHIORZRIRLODQGJDVSLSHOLQH
GHIRUPDWLRQEDVHGRQWKHIXQFWLRQFRW [Į WUDQVIRUP
)RXULHU VHULHV PHWKRG SURSRVHG LQ WKLV UHVHDUFK LV
VKRZQLQ)LJXUH

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

'XULQJWKHVDPHWLPHLQWHUYDOWKHGHIRUPDWLRQRID
FUXGH RLO SLSHOLQH LQ &KLQD ZDV PRQLWRUHG 7KH
WDQJHQWLDOGLVSODFHPHQWRIWKHFUXGHRLOSLSHOLQHZDV
PRQLWRUHG EDVHG RQ WKH SRVLWLRQ RI WKH SLSHOLQH
GXULQJ WKH FRQVWUXFWLRQ SHULRG 7KH PRQLWRULQJ
UHVXOWVDUHVKRZQLQ7DEOH,QRUGHUWRYHULI\WKH
RLO DQG JDV SLSHOLQH GHIRUPDWLRQ PHWKRG EDVHG RQ
WKH IXQFWLRQ FRW [Į  WUDQVIRUP )RXULHU VHULHV
SURSRVHG LQ WKLV UHVHDUFK WKH GDWD RI WKH ILUVW 
WLPHVZDVXVHGIRUPRGHOLQJDQGWKHGLVWULEXWLRQRI
WKHWDQJHQWLDOGLVSODFHPHQWRIWKHFUXGHRLOSLSHOLQH
ZDV PRQLWRUHG IRU WKH ILUVW  WLPHV $V VKRZQ LQ
)LJXUHZHXVHWKHODVWPRQLWRULQJGDWDIRUPRGHO
YHULILFDWLRQ
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YDOXH
PP










1XPEHURI
PRQLWRULQJ
SHULRGV
SHULRG










7DQJHQWLDO
GLVSODFHPHQW
YDOXH
PP










1XPEHURI
PRQLWRULQJ
SHULRGV
SHULRG










7DQJHQWLDO
GLVSODFHPHQW
YDOXH
PP










1XPEHURI
PRQLWRULQJ
SHULRGV
SHULRG










7DQJHQWLDO
GLVSODFHPHQW
YDOXH
PP











7$%/(
'HIRUPDWLRQSUHGLFWLRQUHVXOWVRIDFUXGHRLOSLSHOLQH
1XPEHURI
PRQLWRULQJ
SHULRGVSHULRG





7DQJHQWLDO
GLVSODFHPHQW
YDOXHPP





7DQJHQWLDOGLVSODFHPHQW 7DQJHQWLDOGLVSODFHPHQW
YDOXHE\FRW xĮ )RXULHU
YDOXHE\)RXULHU
PRGHOPP
PRGHOPP









7DQJHQWLDOGLVSODFHPHQW
YDOXHE\WKHFXELF%VSOLQH
IXQFWLRQPRGHOPP








7DQJHQWLDOGLVSODFHPHQWYDOXHPP

















0RQLWRULQJSHULRGVWLPHV





),*85(
'LVWULEXWLRQRIRULJLQDOPRQLWRULQJGDWDSRLQWVRIWDQJHQWLDOGLVSODFHPHQW
LQWKHILUVWVWDJHVRIDFUXGHRLOSLSHOLQH
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),*85(
&KDQJHFXUYHRIILWQHVVIXQFWLRQ

DQGFDQJHQHUDOO\EHWDNHQEHWZHHQDQG,QWKH
SURFHVV RI WULDO FDOFXODWLRQ LW QHHGV WR EH

7KURXJKWKHDQDO\VLVRI)LJXUHDERYHLWFDQ
EHIRXQGWKDWWKHORFDWLRQRIWKHFUXGHRLOSLSHOLQHLV
DIIHFWHG E\ JHRORJLFDO IDFWRUV VRLO SURSHUWLHV
HQYLURQPHQWDO WHPSHUDWXUH K\GURORJLFDO FKDQJHV
SLSHOLQH FDUU\LQJ FDSDFLW\EDVLF SLSHOLQH VWUXFWXUH
SLSHOLQHPDWHULDOVDQGSLSHOLQHFRQVWUXFWLRQTXDOLW\
7KH FUXGH RLO SLSHOLQH KDV FHUWDLQ GHIRUPDWLRQ
SUREOHPV GXULQJ RSHUDWLRQ DQG WKH WDQJHQWLDO
GLVSODFHPHQW IOXFWXDWLRQ RI WKH GHIRUPDWLRQ LV
UHODWLYHO\ODUJHDQGWKHUHJXODULW\DQGVPRRWKQHVVRI
WKH WDQJHQWLDO GLVSODFHPHQW FKDQJH DUH UHODWLYHO\
SRRU +RZHYHU E\ DQDO\]LQJ )LJXUH  LW FDQ EH
IRXQGWKDWWKHGHIRUPDWLRQRIWKHFUXGHRLOSLSHOLQH
EHORQJV WR D JUDGXDO SURFHVV ,I WKH GHIRUPDWLRQ LV
VXPPDUL]HGDVDPDWKHPDWLFDOIXQFWLRQWKHIXQFWLRQ
ZLOOEHFRQWLQXRXVDQGWKHUHZLOOEHDILUVWW\SHRI
GLVFRQWLQXLW\ VR WKH IXQFWLRQ FDQ EH H[SUHVVHG LQ
)RXULHU VHULHV >@ ,Q WKH SURFHVV RI XVLQJ
)RXULHU VHULHV LI WKH VPRRWKQHVV RI WKH IXQFWLRQ LV
UHODWLYHO\JRRGWKHUHODWLRQVKLSEHWZHHQWKH)RXULHU
VHULHVDQGWKHIXQFWLRQZLOOEHFORVHU7KHUHIRUHLQ
WKHSURFHVVRIVWXG\LQJWKHGHIRUPDWLRQRIFUXGHRLO
SLSHOLQHVLWLVQHFHVVDU\WRXVHWKHIXQFWLRQFRW [Į 
WR SURFHVV WKH PRQLWRUHG WDQJHQWLDO GLVSODFHPHQW
GDWD VR WKDW WKH VPRRWKQHVV RI WKH WDQJHQWLDO
GLVSODFHPHQW GDWD LV HQKDQFHG 7KH VSHFLILF
SURFHVVLQJSURFHVVLV
  6WDQGDUGL]H WKH PRQLWRUHG WDQJHQWLDO
GHIRUPDWLRQGDWDRIFUXGHRLOSLSHOLQHV7KHIRUPXOD
IRU VWDQGDUGL]LQJ WKH ILUVW  PRQLWRULQJ UHVXOWV LV
>@

xk

xk


S

xk ˄ˈ ˅ZKLFK FDQ PDNH UHDVRQDEOH WULDO

FDOFXODWLRQV
  8VH WKH )RXULHU VHULHV WR PRGHO DQG
HVWLPDWH WKH FRUUHODWLRQ FRHIILFLHQWV DQG UHODWHG
SDUDPHWHUVLQWKHPRGHOXVHWKHIRUPHU n WHUPVRI
WKH)RXULHUVHULHVWRUHSODFHIRUPXOD  DQGWKHQJHW
WKHGDWDFROXPQ

  xk 

S




k



`

FRW xk

k 

LQWKLVSURFHVV

VXSSRVH>@

Sn t

a n
kS t
kS t
 ¦ ak FRV
 bk VLQ
  
l
l
 k
,Q WKH DERYH IRUPXOD t LQGLFDWHV WKH QXPEHU

RI WDQJHQWLDO GLVSODFHPHQW PRQLWRULQJ RI WKH FUXGH
RLOSLSHOLQH
,QWKLVUHVHDUFKWKHJHQHWLFDOJRULWKPLVXVHGWR
HVWLPDWH WKH FRUUHODWLRQ FRHIILFLHQWV DQG UHODWHG
SDUDPHWHUVLQWKH)RXULHUVHULHVPRGHO7KHILWQHVV
IXQFWLRQLQWKHJHQHWLFDOJRULWKPLV

ILQHVV

 
¦ Sn i  yi
 i 



  


)LUVWRIDOOZHVXSSRVHWKDWZHXVHWKHJHQHWLF
DOJRULWKP WRROER[ LQ WKH PDWODE VRIWZDUH XVH WKH
*$27LQWHUIDFH*8,LQWKHWRROER[DQGWKHQHQWHU
WKH FRPPDQG #ILQHVV LQ WKH )LWQHVV IXQFWLRQ
ZLQGRZ LQSXW LV WKH SURJUDP QDPH RI WKH ILWQHVV
IXQFWLRQLQWKHDOJRULWKP ,Q1XPEHURI9DULDEOHV
ZLQGRZZHHQWHUWKHQXPEHUHQWHUWKHFRPPDQG
 RQHV   LQ WKH ORZHU ZLQGRZ RI WKH ORZHU
ERXQGDU\ HQWHU WKH FRPPDQG  RQHV   LQ WKH
XSSHU ZLQGRZ RI WKH XSSHU ERXQGDU\ DQG ILQDOO\
PDNH WKH DOJRULWKP PRGHO VWDUW WR H[HFXWH 6WDUW
&RPPDQG >@ 7KH LWHUDWLRQ SURFHVV LV VKRZQ LQ
)LJXUH

i      

,Q WKH DERYH IRUPXOD

^y

xk

UHSUHVHQWV WKH UDZ GDWD RI WKH FUXGH RLO SLSHOLQH
PRQLWRULQJ WDQJHQWLDO GLVSODFHPHQW  UHSUHVHQWV
WKHFRQVWDQWZKLFKLVREWDLQHGE\WULDOFDOFXODWLRQ
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           F R V      t       V L Q      t       F R V      t   
      V L Q      t       F R V      t       V L Q      t
S t


y
          F R V      t       V LQ      t 
  
     F R V      t       V LQ      t       F R V      t
      V LQ      t

GHWHUPLQDWLRQLV R
 WKHVXPRIVTXDUHV
RI WKH PRGHO UHVLGXDOV LV SSE   DQG WKH
URRW PHDQ VTXDUH HUURU RI WKH PRGHO LV
RMSE  
,Q WKLV VWXG\ IRUPXODV     DQG   LQ WKH
PDWKHPDWLFDO PRGHO ZHUH XVHG WR SUHGLFW WKH
PRQLWRULQJGDWDRIWKHODVWWLPHVRIWKHFUXGHRLO
SLSHOLQH DQG WKH SUHGLFWLRQ UHVXOWV ZHUH FRPSDUHG
ZLWKWKRVHRIWKHFXELF%VSOLQHIXQFWLRQPRGHO)RU
FRPSDULVRQ WKH FRPSDULVRQ UHVXOWV DUH VKRZQ LQ
7DEOHDQG7DEOHEHORZ

7$%/(
(UURUVRISUHGLFWLRQUHVXOWVRIDFUXGHRLOSLSH
OLQHGHIRUPDWLRQ


$IWHULWHUDWLRQVWKHRSWLPDOYDOXHRIWKHILWQHVV
IXQFWLRQ LV  DQG WKH FRUUHODWLRQ
FRHIILFLHQW DQG UHODWHG SDUDPHWHUV LQ WKH )RXULHU
VHULHVPRGHODUH
బ
ൌ ͲǤͻͺͺܽଵ ൌ െͲǤʹʹͷʹܾଵ ൌ െͲǤͶͶͷʹܽଶ ൌ
ଶ
െͲǤʹͲͺͷ  ܾଶ ൌ ͲǤʹͶͻ  ܽଷ ൌ ͲǤͳ͵͵Ͷ  ܾଷ ൌ
గ
ͲǤͲͳʹ ݓൌ ൌ ͲǤͲ͵

7KHQ WKH PDWKHPDWLFDO PRGHO H[WUDFWHG IURP
WKH)RXULHUVHULHVFDQEHREWDLQHGDV(TXDWLRQ
$IWHU WHVWLQJ WKH PDWKHPDWLFDO PRGHO LW LV
IRXQG WKDW WKH FRHIILFLHQW RI GHWHUPLQDWLRQ RI WKH

PRGHOLV R
 WKHDGMXVWHGFRHIILFLHQWRI



GHWHUPLQDWLRQLV R
 WKHVXPRIVTXDUHV
RI WKH PRGHO UHVLGXDOV LV SSE   WKH
URRW PHDQ VTXDUH HUURU RI WKH PRGHO LV
RMSE  LWFDQEHVHHQWKDWWKHGHJUHH
RIILWRIWKHPDWKHPDWLFDOPRGHOLVUHODWLYHO\JRRG
VRLWFDQEHXVHGLQWKHVWXG\RIFUXGHRLOSLSHOLQH
GHIRUPDWLRQ
7KURXJK D FRPSUHKHQVLYH DQDO\VLV RI WKH
FRHIILFLHQW RI GHWHUPLQDWLRQ DQG UHVLGXDO HUURU LQ
IRUPXOD  LWLVIRXQGWKDWXQGHUWKHSUHPLVHWKDW
n  WKHILWWLQJUHVXOWRIWKHPDWKHPDWLFDOPRGHO


3UHGLFWLRQ
PRGHO
FRW xĮ 
)RXULHU
)RXULHU
&XELF%
VSOLQH
IXQFWLRQ

> DUF FRW S  t @   
,Q WKH DERYH IRUPXOD

$YHUDJHUHODWLYHHUURU















7KURXJKLQGHSWKDQDO\VLVRI7DEOHVDQGLW
LV IRXQG WKDW WKH RLO DQG JDV SLSHOLQH GHIRUPDWLRQ
SUHGLFWLRQ PHWKRG EDVHG RQ WKH IXQFWLRQ FRW [Į 
WUDQVIRUP )RXULHU VHULHV SURSRVHG LQ WKLV UHVHDUFK
KDV UHODWLYHO\ KLJK DFFXUDF\ DQG LWV PD[LPXP
DEVROXWH HUURU GRHV QRW H[FHHG  PP WKH
DYHUDJH UHODWLYH HUURU RI WKH ODVW IRXU SUHGLFWLRQ
UHVXOWV LV RQO\  DQG ERWK GDWD DUH KLJKHU
WKDQWKHRWKHUWZRPRGHOV7KURXJKDQDO\VLVRIWKH
UHDVRQV IRU WKLV VLWXDWLRQ LW LV IRXQG WKDW WKH
GHIRUPDWLRQ PRQLWRULQJ GDWD RI FUXGH RLO SLSHOLQHV
VKRZWKHFKDUDFWHULVWLFVRIODUJHYRODWLOLW\DQGSRRU
UHJXODULW\ 7KHUHIRUH IRU WKLV W\SH RI GDWD WKH
PHWKRGRISDUDPHWHUUHJUHVVLRQLVQRWVXLWDEOHIRUWKH
FKDUDFWHUL]DWLRQDQGSUHGLFWLRQLWLVVXLWDEOHWRXVH
QRQSDUDPHWULF UHJUHVVLRQ WR UHSUHVHQW WKH FKDQJH
FXUYHRIFUXGHRLOSLSHOLQHGHIRUPDWLRQGDWD6LQFH
WKH )RXULHU VHULHV PHWKRG FDQ EH XVHG WR UHSUHVHQW
DQ\ FRQWLQXRXV IXQFWLRQ LQ WKH LQWHUYDO >@ WKH
FUXGH RLO SLSHOLQH GHIRUPDWLRQ SUREOHP FDQ EH
PRGHOHG E\ WKH PHWKRG RI )RXULHU VHULHV 2Q WKH
RWKHUKDQGWKHVPRRWKQHVVRIWKHFUXGHRLOSLSHOLQH
GHIRUPDWLRQGDWDZLOODOVRKDYHDQLPSRUWDQWLPSDFW
RQLWVSUHGLFWLRQUHVXOWV7KHUHIRUHLQWKHSURFHVVRI
PRGHOLQJWKHVPRRWKQHVVRIWKHFUXGHRLOSLSHOLQH
GHIRUPDWLRQGDWDQHHGVWREHSURFHVVHG7KLVVWXG\
XVHVWKHIXQFWLRQ7KHFRW [Į WUDQVIRUPDWLRQPHWKRG
JUHDWO\ LPSURYHV WKH VPRRWKQHVV RI WKH FUXGH RLO
SLSHOLQH GHIRUPDWLRQ GDWD VR WKHSUHGLFWLRQUHVXOWV

LVUHODWLYHO\SRRULWVHIIHFWLVQRWDVJRRGDV n  
$WWKHVDPHWLPHLI n !  WKHQWKHILWWLQJRI
WKHPDWKHPDWLFDOPRGHOLVQRWZHOOLPSURYHG
$FFRUGLQJ WR WKH EDVLF SULQFLSOHV RI VLPSOH
PRGHO UHODWLYHO\ VPDOO DPRXQW RI FDOFXODWLRQ DQG
UHODWLYHO\KLJKSUHGLFWLRQDFFXUDF\ n  LVXVHGDV
WKH SDUDPHWHU IRU WKLV VWXG\ RI FUXGH RLO SLSHOLQH
GHIRUPDWLRQ ,Q DGGLWLRQ DIWHU REWDLQLQJ WKH
SUHGLFWHG YDOXH RI FUXGH RLO SLSHOLQH GHIRUPDWLRQ
GDWDIURPIRUPXOD  ZHQHHGWRXVHWKHIROORZLQJ
IRUPXODWRUHVWRUHWKHSUHGLFWHGYDOXH>@


yÖ t

0D[LPXP
DEVROXWH
HUURUPP

yÖt UHSUHVHQWV WKH ILQDO

SUHGLFWHGYDOXHRIWKHFUXGHRLOSLSHOLQHGHIRUPDWLRQ
GDWD
,Q RUGHU WR SURYH WKH DGYDQFHG QDWXUH RI WKH
PHWKRGSURSRVHGLQWKLVUHVHDUFKWKH)RXULHUVHULHV
WUDQVIRUPDWLRQLVSHUIRUPHGRQWKHGDWDWKDWKDVQRW
EHHQ VPRRWKHG )RU FRPSDULVRQ WKH )RXULHU VHULHV
PDWKHPDWLFDO PRGHO ZLWKRXW VPRRWKLQJ LV DW
(TXDWLRQDERYH
7KH VLJQLILFDQFH WHVW RI WKH PDWKHPDWLFDO
PRGHO LV FDUULHG RXW $IWHU FDOFXODWLRQ LW LV IRXQG
WKDWWKHFRHIILFLHQWRIGHWHUPLQDWLRQRIWKHPRGHOLV
R    WKH DGMXVWHG FRHIILFLHQW RI
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ZLOOEHPRUHDFFXUDWH


&21&/86,216

%DVHGRQWKHH[LVWLQJSUREOHPVRIRLODQGJDV
SLSHOLQH VWRUDJH DQG WUDQVSRUWDWLRQ HQYLURQPHQW
WKURXJKWKLVUHVHDUFKLWFDQEHIRXQGWKDWWKHRLODQG
JDVSLSHOLQHVDUHDIIHFWHGE\JHRORJLFDOIDFWRUVVRLO
SURSHUWLHVHQYLURQPHQWDOWHPSHUDWXUHK\GURORJLFDO
FKDQJHV SLSHOLQH FDUU\LQJ FDSDFLW\ SLSHOLQH EDVLF
VWUXFWXUH SLSHOLQH PDWHULDOV DQG SLSHOLQH
FRQVWUXFWLRQTXDOLW\ 7KHUH DUH FHUWDLQGHIRUPDWLRQ
SUREOHPVGXULQJRSHUDWLRQDQGWKHGHIRUPDWLRQGDWD
RIRLODQGJDVSLSHOLQHVZLOOVKRZWKHFKDUDFWHULVWLFV
RI ODUJH YRODWLOLW\ DQG SRRU UHJXODULW\ ,I WKH GDWD
ILWWLQJ PHWKRG LV XVHG WR SUHGLFW WKH IXWXUH
GHIRUPDWLRQ ODUJH HUURUV ZLOO RFFXU +RZHYHU WKH
)RXULHU VHULHV PHWKRG FDQ EH XVHG WR H[SUHVV DQ\
FRQWLQXRXV IXQFWLRQ VR WKH )RXULHU VHULHV PHWKRG
FDQ EH XVHG WR H[SUHVV WKH RLO DQG JDV SLSHOLQH
GHIRUPDWLRQGDWDIXQFWLRQEXWWKHVPRRWKQHVVRIWKH
GDWDZLOODIIHFWWKH)RXULHUVHULHVPHWKRG7KHHIIHFW
RIWKHDSSOLFDWLRQKDVDVHULRXVLPSDFWRQWKHRLODQG
JDV SLSHOLQH GHIRUPDWLRQ SUHGLFWLRQ UHVXOWV
7KHUHIRUH EHIRUH WKH PDWKHPDWLFDO PRGHO LV
HVWDEOLVKHG WKH RULJLQDO GDWD RI WKH RLO DQG JDV
SLSHOLQH GHIRUPDWLRQ QHHGV WR EH VPRRWKHG 7KLV
VWXG\SURYHVWKDWWKHIXQFWLRQFRW [Į WUDQVIRUPDWLRQ
LV D NLQG RI DQ H[FHOOHQW PHWKRG IRU VPRRWKQHVV
SURFHVVLQJRIRLODQGJDVSLSHOLQHGHIRUPDWLRQGDWD
$IWHU XVLQJ WKH RLO DQG JDV SLSHOLQH GHIRUPDWLRQ
SUHGLFWLRQ PHWKRG EDVHG RQ WKH IXQFWLRQ FRW [Į 
WUDQVIRUP )RXULHU VHULHV WR SUHGLFW WKH GHIRUPDWLRQ
GDWD RI WKH FUXGH RLO SLSHOLQH LW LV IRXQG WKDW WKH
PD[LPXP HUURU RI WKH SUHGLFWLRQ UHVXOW RI WKLV
PHWKRG LV PP WKH DYHUDJH UHODWLYH HUURU RI
WKHODVWIRXUSUHGLFWLRQUHVXOWVLVRQO\DQG
WKHWZRGDWDDUHKLJKHUWKDQRWKHUSUHGLFWLRQPRGHOV
ZKLFK SURYHV WKDW WKH RLO DQG JDV SLSHOLQH
GHIRUPDWLRQSUHGLFWLRQPHWKRGEDVHGRQWKHIXQFWLRQ
FRW [Į  WUDQVIRUP )RXULHU VHULHV KDV VWURQJ
DSSOLFDWLRQDGYDQWDJHV,WLVQHFHVVDU\WRVWUHQJWKHQ
WKHSURPRWLRQDQGDSSOLFDWLRQRIWKLVPHWKRGLQWKH
IXWXUH7KLVVWXG\LVRIJUHDWVLJQLILFDQFHWRJXLGHWKH
RSWLPDO GHVLJQ RIRLO DQGJDV SLSHOLQHV UHGXFH WKH
ULVN RI RLO DQG JDV OHDNDJH DQG SURWHFW WKH
HQYLURQPHQW


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

7KH DXWKRUV ZDQW WR WKDQN DOO WKH WHFKQLTXHV
ZKR KDYH FRQWULEXWHG WR WKLV UHVHDUFK DQG DOO WKH
DXWKRUVRIWKHUHIHUHQFHV






5()(5(1&(6

>@ <L/'LQJ.4LDQ&  6WXG\RQGH
IRUPDWLRQ FDOFXODWLRQ PHWKRG RI ORQJGLVWDQFH
SLSHOLQH EDVHG RQ VWUDLQ &KLQHVH -RXUQDO RI
6ROLG0HFKDQLFV
>@ +XDQJ6;X&=KDR:;X3  )L
QLWHHOHPHQWVLPXODWLRQDQDO\VLVRIFRLOSUREHV
IRUHGG\FXUUHQWGHWHFWLRQRIRLODQGJDVSLSHOLQH
GHIRUPDWLRQ -RXUQDO RI 7VLQJKXD 8QLYHUVLW\
6FLHQFHDQG7HFKQRORJ\ 
>@ 6KDQJ(<X<  'HIRUPDWLRQDQGVWUHVV
DQDO\VLVRIEXULHGSLSHOLQHVLQVXEVLGHQFH]RQH
-RXUQDORI;L DQ6KL\RX8QLYHUVLW\ 1DWXUDO6FL
HQFH(GLWLRQ 
>@ =KDQJ0  0RYHPHQWODZVRIK\GURJHQ
VXOILGH DQG LWV SUHYHQWLRQ DQG FRQWURO WHFKQRO
RJ\LQIXOO\PHFKDQL]HGKHDGLQJIDFHIURPWKH
SHUVSHFWLYH RI HQYLURQPHQW SURWHFWLRQ )UHVHQ
(QYLURQ%XOO  
>@ <DQJ 6 =KDR = <DQJ ; .RQJ : <D
KDIX *   4XDQWLWDWLYH ULVN DVVHVVPHQW
WHFKQRORJ\ UHVHDUFK RI EXULHG FUXGH RLO ORQJ
GLVWDQFH SLSHOLQH 2LO*DV )LHOG 6XUIDFH (QJL
QHHULQJ  
>@ =KDQJ = +XDQJ 0 =KDQJ 0 :DQJ :
  3UHGLFWLRQ RI GHIRUPDWLRQ RI DGMDFHQW
SLSHOLQHV FDXVHG E\ QRQXQLIRUP FRQYHUJHQFH
RIVKLHOGWXQQHOLQJLQOD\HUHGJURXQG&KLQHVH
-RXUQDO RI 5RFN 0HFKDQLFV DQG (QJLQHHULQJ
  
>@ <DQJ = <DQJ < /L 5   1XPHULFDO
VLPXODWLRQ RI VXEPDULQH SLSHOLQH GHIRUPDWLRQ
EDVHGRQ$16<6ILQLWHHOHPHQWDQDO\VLV3LSH
OLQH7HFKQLTXHDQG(TXLSPHQW
>@ =KDQJ /   $QDO\VLV RI WKHUPDO SLSHOLQH
GHIRUPDWLRQDFFLGHQWRIDKHDWLQJFRPSDQ\>-@
&KLQD6SHFLDO(TXLSPHQW6DIHW\
>@ 0RKG.$NPDO18PL.DOVRP<  
$XWRPDWLF'HWHFWLRQ0HWKRGRI3LSHOLQH$QRP
DOLHV RQ &DOLSHU 'DWD $GYDQFHG 6FLHQFH /HW
WHUV  
>@*XDQ</LX6  *UD\*0  PRGHO
LQJPHWKRGEDVHGRQIXQFWLRQFRW [Į WUDQVIRU
PDWLRQ6\VWHPV(QJLQHHULQJ
>@:DQJ - :DQJ < 0D 3   (PSLULFDO
0RGH)RXULHU$QDO\VLVRI'HIRUPDWLRQ2EVHU
YDWLRQ 'DWD 6FLHQFH RI 6XUYH\LQJ DQG 0DS
SLQJ  
>@*ODXVHU23DQR]]R'+LOOLJHV26RUNLQH
+RUQXQJ2'HIRUPDWLRQ&DSWXUHYLD6RIWDQG
6WUHWFKDEOH6HQVRU$UUD\V  
>@7XUQEXOO$1LPPR%  ,VVXHVLQVWUHVV
FRUURVLRQ WHVWLQJ RI ZHOGHG VXSHU PDUWHQVLWLF
VWDLQOHVVVWHHOVIRURLODQGJDVSLSHOLQHV(QYL
URQPHQW,QGXFHG&UDFNLQJRI0DWHULDOV
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>@=KDQJ * /L ' <DR ' ;XH / *DR +
&KHQ=DQG1LX=  1XPHULFDO$QDO\
VLVRQ)ORZ&KDUDFWHULVWLFVRI:DWHULQ8SZDUG
'LS6HFWLRQRI/RQJ'LVWDQFH&UXGH2LO3LSH
OLQH)UHVHQ(QYLURQ%XOO  
>@0RUULV*)UHHPDQ5  6HOHFWLYHH[FL
WDWLRQ LQ )RXULHU WUDQVIRUP QXFOHDU PDJQHWLF
UHVRQDQFH -RXUQDO RI 0DJQHWLF 5HVRQDQFH
  
>@*ULIILQ ' /LP -   6LJQDO HVWLPDWLRQ
IURP PRGLILHG VKRUWWLPH IRXULHU WUDQVIRUP
,((( 7UDQVDFWLRQV RQ $FRXVWLFV 6SHHFK DQG
6LJQDO3URFHVVLQJ  
>@/XFj55RJHUV.  $YHUDJHGHFD\RI
WKH)RXULHUWUDQVIRUPRIPHDVXUHVZLWKDSSOLFD
WLRQV-RXUQDORIWKH(XURSHDQ0DWKHPDWLFDO6R
FLHW\  
>@'DL:;LRQJ:<DQJ$  *UD\PRG
HOLQJEDVHGRQIXQFWLRQFRW [Į WUDQVIRUPDWLRQ
DQGEDFNJURXQGYDOXHRSWLPL]DWLRQ-RXUQDORI
=KHMLDQJ 8QLYHUVLW\ (QJLQHHULQJ 6FLHQFH 
  
>@%RRWKUR\G,$OPRQG6:RUUDOO)'DYLHV
5'DYLHV5  $VVHVVLQJIXJLWLYHHPLV
VLRQVRI&+IURPKLJKSUHVVXUHJDVSLSHOLQHV
LQWKH8.6FLHQFHRI7KH7RWDO(QYLURQPHQW

>@&HUQH%0HGYHG6  'HWHUPLQDWLRQRI
WUDQVLHQWWZRGLPHQVLRQDOKHDWWUDQVIHULQYHQWL
ODWHGOLJKWZHLJKWORZVORSHGURRIXVLQJIRXULHU
VHULHV %XLOGLQJ  (QYLURQPHQW    

>@&KHQ % =KRX & :DQJ - 6KX +  
&RORU LPDJH DGDSWLYH ZDWHUPDUNLQJ DOJRULWKP
EDVHG RQ IUDFWLRQDO TXDWHUQLRQ )RXULHU WUDQV
IRUP DQG JHQHWLF DOJRULWKP -RXUQDO RI 6RXWK
HDVW8QLYHUVLW\ 1DWXUDO6FLHQFH(GLWLRQ 

>@+DQ;:DQJ-/LX-;X*  *HQHWLF
DOJRULWKP FRPELQHG ZLWK QHXUDO QHWZRUN IRU
)RXULHU WUDQVIRUP LQIUDUHG VSHFWURVFRS\ WR GH
WHUPLQH PRLVWXUH LQ DYLDWLRQ OXEULFDWLQJ RLO
3K\VLFDO 7HVWLQJ DQG &KHPLFDO $QDO\VLV 3DUW
%&KHPLFDO$QDO\VLV   

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
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ABSTRACT
Climate change has brought challenges to the
construction of human settlements. Cities are not
only the gathering place for development, but also
the key to mitigating carbon emissions. The current
urban planning thinking mode has begun to shift to
low-carbon ecologicalization. Low-carbon urban
planning theory and construction practice have become the focus of attention of the international community in many urban issues. Its core idea is to transform the traditional way of urban development, develop a low-carbon economy and build a low-carbon
life through the low-carbon transformation planning
layout of urban space and the low-carbon industrial
system. As the largest carbon source and the region
with the greatest emission reduction potential, cities
urgently need to transform their production and lifestyles into renewable energy and circular economy
in an all-round way. As a city planning that has a
strong guiding and controlling role in urban development, it also plays an important role in the transformation process. Based on the analysis of the lowcarbon city planning and construction of Xi’an,
Shaanxi Province, Xi’an has the following characteristics: As a northwestern industrial base, the main industrial pillar of Xi’an is the secondary industry, and
the industry will continue to be occupied in the development of Xi’an. Since Xi’an’s main pillar industries are petrochemicals, automobile manufacturing,
metallurgy (mainly steel), and electricity, carbon dioxide emissions have seriously exceeded the standard. As a city along the river, Xi’an has abundant water resources and long and cold winters. This paper
analyzes the data of Xi'an for ten years, analyzes and
predicts the carbon dioxide emissions of Xi'an, and
puts forward feasible low-carbon city planning and
construction policies and recommendations. We
summarize and analyze the existing theories, examples and research status of low-carbon city planning,
and extract analysis methods and planning research
theories from them. We establish urban low-carbon
models and evaluation indicators to analyze and
forecast Xi’an’s carbon dioxide emissions from the
aspects of low-carbon energy and economy, low-carbon space and layout, low-carbon transportation and

KEYWORDS:
Low-carbon city, urban planning, sustainable development,
climate change

INTRODUCTION
At present, the whole world is facing the impact
of rising temperature on the environment and life.
Rising global temperature has already affected the
Arctic ice cap and impacted biodiversity, resulting in
rising sea levels. Some areas with lower altitudes are
facing the danger of being submerged [1-3]. The
main reason for the increase in global temperature is
the large amount of greenhouse gas emissions that
affect the normal heat dissipation of the earth.
Greenhouse gases refer to natural and man-made
gases in the atmosphere that can absorb and re-emit
infrared radiation. Greenhouse gases in the atmosphere include water vapor (H2O), carbon dioxide
(CO2), methane (CH4), nitrous oxide (N2O), ozone
(O3), freon or chlorofluorocarbon compounds
(CFCS), hydrochlorofluorocarbons Compounds
(HCFCS), hydrofluorocarbons (HFCS), perfluorocarbons (PFCS), sulfur hexafluoride (SF6), etc [5-6].
As a developing country, China's urbanization and
economic growth complement each other. With the
rapid economic growth, carbon dioxide emissions
are also increasing day by day. From 1990 to 2001,
China's carbon dioxide emissions increased by 823
million tons, accounting for 27% of the world's total
growth. From 2002 to 2007, China's carbon dioxide
emissions doubled and became the world's largest
carbon dioxide emitter. With the continuous development of urbanization, the carbon dioxide emissions in China have an increasing trend. By 2020,
China's per capita GDP will quadruple from the 2000
level. The realization of this goal depends mainly on
China's continued urbanization.
Human survival activities continue to emit various types of gases into the atmosphere, such as the
large-scale combustion of energy, the large-scale use
of refrigerators and air conditioners, and the exhaust
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emissions of vehicles such as cars, which have become the most important source of greenhouse gases
[7-9]. As the main gathering place for human beings,
cities have become the main space for greenhouse
gas emissions. The city's heating system, spatial
structure, road traffic, production and lifestyle, etc.,
all affect greenhouse gas emissions. At present,
countries around the world have launched research
on low-carbon cities, which is mainly reflected in
low-carbon economy and urban low-carbon planning. The current research mainly focuses on the use
of clean energy, the transformation of economic
mode, urban spatial layout, transportation organization planning, construction and public service facilities, management policies, etc. Various "low-carbon
and energy-saving" demonstration zones and "zeroemission" demonstration zones have been carried
out at home and abroad, and many cities in China
have also begun preliminary research on low-carbon
city planning and construction [10]. Current low-carbon city planning mostly focuses on the construction
of a low-carbon city theoretical research framework,
and proposes low-carbon city scenario prediction,
model construction, technical methods, and evaluation indicators from multiple perspectives. It focuses
on the introduction of foreign or other urban lowcarbon planning and construction experience and
technology, and rarely proposes suitable construction measures based on the actual conditions of the
city itself. At present, most examples of low-carbon
city planning in China are concentrated in Shanghai,
Wuhan, Xiamen and other regions, and there are relatively few low-carbon cities planning studies in the
Northwest.

The challenges faced by Xi'an as a research object represent the challenges faced by many developing countries and many cities in China in low-carbon
planning. As an old northwestern industrial base,
Xi'an’s main pillar industries are petrochemicals, automobile manufacturing, metallurgy (especially
steel), and electric power, with large industrial carbon dioxide emissions [11-13]. At the same time,
Xi'an has good agricultural development, abundant
water resources, and available conditions for wind
and solar energy. The main problem facing it is how
to achieve energy transformation in industry and improve energy efficiency (Figure 1). This research is
carried out for Xi'an city, which has strong applicability. The unified planning of the entire city is conducive to its healthy development. Through the establishment of a low-carbon economic model and indicator system in Xi’an, this article quantifies the
carbon emissions in the process of urban development, which helps to find out the current problems
and gaps in the urban development of Xi’an, and formulate feasible low-carbon urban development strategy [14-16]. This theory can be applied to the production, life and urban construction of Xi'an, which
can effectively reduce carbon emissions while ensuring the rapid development of the city, promote the
realization of energy saving and emission reduction,
and provide scientific decision-making basis for
Xi'an to realize the low-carbon city goal as soon as
possible.

FIGURE 1
The location of Xi'an and the distribution of industrial areas in the city.
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uate low-carbon city evaluation indicators. The carbon footprint method is used to mark the total emissions of greenhouse gases (mainly carbon dioxide)
of a person or group over a period of time. The unit
is measured in tons or kilograms, involving energy
supply in many fields such as transportation, travel,
lifestyle, etc. Different countries, cities, communities, companies, and individuals have "carbon footprints". Current research shows that countries and regions with higher levels of industrialization and urbanization have more obvious "carbon footprints."
The proposal of "carbon footprint" vividly reveals
the impact of human energy awareness and behavior
on global environmental climate change, and provides an effective tool for scientifically measuring
the carbon emissions of countries, regions, enterprises, and individuals. The measurement results are
helpful for people to discover the severity of the current carbon emissions problem and the main areas of
concentration, so as to take more targeted measures
to reduce the carbon emissions in a specific area, and
implement long-term supervision and adjustment
[18-19].
How to evaluate the low-carbon state of a city,
a feasible evaluation system should be developed.
This research adopts the calculation model of Chen
Fei and Zhu Dajian, so it still adopts the related evaluation system. According to the growth of energy efficiency, the elasticity coefficient is formulated in
combination with the per capita GDP value, the rate
of energy consumption and the increase in carbon dioxide emissions. In order to evaluate the city's emission reduction effects in different scenarios (Figure
2), we divided them into the following three scenarios:

MATERIALS AND METHODS
Low-carbon city model. The model used in
this article is the model established by Chen Fei and
Zhu Dajian on the empirical analysis of Shanghai's
low-carbon. The main formula is as follows [2, 17]:
(1)
ܱܥଶ = ܧܭ
In the formula, K is the carbon emission intensity or carbon emission coefficient. The K value of
different countries and regions is not equal, which
depends on the local technical conditions and energy
structure. E is the consumption of different types of
energy, which can be uniformly converted into
standard coal according to the standard.
ீ
ா
ை
ܱܥଶ emissions = ܲ ×
×
× మ
(2)
ா

ீ
In the formula, E is the total energy consumption of household life in building use. CO2 emissions
are calculated using the overall calculation method,
using per capita GDP indicators, energy consumption per unit GDP output, and the conversion ratio of
CO2 to energy (K).
The structure of the low-carbon city development model plays a key role in the research of this
paper. It analyzes the major components of urban
carbon emissions: the correlation between urban
transportation, buildings, production and life. In addition, it also demonstrates the relationship between
the use of different energy and CO2 emissions.
Formula (1): Expressed as CO2=KE, E is the
consumption of different types of energy, which can
be uniformly converted into standard coal according
to the standard, and the coefficient K is the carbon
emission intensity or carbon emission coefficient.
Different countries, regions, different technical conditions and energy structure, the coefficient K is different. China has long relied on coal as its main energy consumption, with an irrational structure and
low utilization rate. The CO2 emitted from burning 1
ton of standard coal is 2.45 tons.
Formula (2): In this study, it is assumed that no
major energy structure adjustments have been made.
The K value is constant, and the research on low-carbon issues is transformed into the research on energy
utilization. Urban energy consumption mainly includes the total of electricity, natural gas, heat (E1),
public building energy consumption (E2), outbound
transportation energy consumption (E3) and productive energy consumption (E4) consumed by households in building use. Urban CO2 emissions are calculated using an overall calculation method, using
per capita GDP indicators, energy consumption per
unit GDP output, and the conversion ratio of CO2 to
energy (K).

(1) Inertial scenarios. Refers to the carbon dioxide emissions at different times under the current
state of development, keeping the annual growth rate
of per capita GDP unchanged and taking no
measures.
(2) Relative decoupling scenario. Relative decoupling means that there is no longer a close correlation between the growth rate of GDP and the
growth rate of energy consumption, and a partial decoupling state is achieved. In the current state, keeping the annual growth rate of per capita GDP unchanged and taking certain measures to slow down
the growth rate of carbon dioxide emissions. This
scenario is more realistic and feasible.
(3) Absolute decoupling scenario. Absolute
decoupling means that the rate of GDP growth has
nothing to do with energy consumption. Ideally, carbon dioxide emissions will remain at the current
peak, no longer rising, or even negative growth. But
this situation is idealized.

Evaluation indicators of low-carbon cities.
This paper uses the carbon footprint method to eval-
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FIGURE 2
Low-carbon evaluation indicators.
According to related research conducted by the
of low-carbon cities focuses on reducing the tradiIPCC and the United Nations, low-carbon cities refer
tional energy intensity and carbon dioxide intensity
to the decoupling of carbon dioxide emissions from
per unit of GDP to achieve the relative decoupling of
urban development or urban economic growth.
urban development and carbon emissions.
There are two manifestations of this decoupling [20]:
(1) It is the absolute decoupling of carbon dioxide emissions from economic growth, that is, carbon
RESULTS
dioxide emissions show negative growth with economic growth. This is the low-carbon city plan that
Emission scenario prediction. Using the
developed countries need to adopt at present. Acabove calculation tools and methods, according to
cording to the 2007 IPCC (United Nations Intergovthe development forecast of various indicators in the
ernmental Panel on Climate Change) research report
next 20 years, it can be determined that Xi'an will
and the Bali Roadmap, developed countries are rehave three scenarios of carbon emissions at different
quired to reduce carbon dioxide emissions by 25%stages in the future.
40% by 2020 compared to 1990, and by 80% - 95%
From 2010 to 2019, the energy efficiency of
by 2050.
Xi’an’s GDP has increased by an average of 13.4%
(2) Carbon dioxide emissions are still growing
annually, the per capita GDP growth rate has reached
positively, but the rate of emissions is lower than
17.7%, and the annual population growth rate has aveconomic growth or lower than the so-called bencheraged 2%. Assuming that this average is used as the
mark scenario (BAU) without policy measures. This
future CO2 emission inertia model, and assuming
is a relatively decoupled low-carbon city. For examthat Xi’an’s per capita GDP growth rate will mainple, in the current development, developing countain a moderate rate of 15% per year in the future,
tries can increase carbon productivity, so that carbon
the following scenarios may appear by 2040 (Table
dioxide emissions can be significantly reduced com1).
pared to the baseline scenario. Due to the difference
in development stages, China’s current development
TABLE 1
Analysis of CO2 emission scenarios
CO2 emission
GDP
CO2 emis- Energy conPopulation
Energy effigrowth
rate
sions
sumption
᧤2018=1᧥
growth
ciency growth
Scenario
per capgrowth
elasticity corate᧨%
rate᧨%
2025 2030 2040
efficient
ita᧨%
rate᧨%
Inertial
scenarios
Relative
decoupling scenario
Absolute
decoupling scenario

1.57

2.16

4.11

2.00

17.70

13.04

6.63

0.34

1.22

1.41

1.88

2.00

15.00

14.01

2.90

0.17

1.00

1.00

1.00

2.00

15.00

17.30

0

0
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Scenario 1: If energy use productivity maintains an average annual growth rate of 13.04% on the
basis of 2018, the average annual population growth
rate is 2%, there is no major industrial organization
adjustment, and the K coefficient of energy and carbon dioxide remains unchanged. The annual growth
rate of per capita GDP is 17.7%, and the average annual growth rate of carbon dioxide emissions is
6.63%. Carbon dioxide emissions in 2040 will reach
4.11 times of 2018.

elasticity is 0, which is an absolute decoupling scenario.
It can be seen that in Xi'an for a considerable
period of time, the city's carbon dioxide emissions
will continue to rise, and the pressure to reduce emissions will be huge in the future.
CO2 emission analysis. According to the social and economic statistics of Xi’an, since 2015, the
growth rate of per capita GOP in Xi’an has exceeded
the growth rate of carbon dioxide emissions, thanks
to the continuous reduction of energy consumption
per unit of output value in Xi’an in recent years.
However, from the perspective of per capita carbon
emissions, Xi’an’s per capita carbon dioxide emissions are still rising (Figure 3 and Figure 4). The four
pillar industries of Xi'an are petroleum, automobiles,
metallurgy and electric power. The secondary industry dominates the economic structure and grows
faster than the primary and tertiary industries. Therefore, Xi'an faces severe challenges on the road to a
low-carbon city.

Scenario 2: Assuming that carbon dioxide
emissions in 2040 are 1.88 times that of 2018, energy
productivity will increase to 14.01% on the basis of
2018. The average annual increase in carbon dioxide
emissions in this scenario is 2.9%. The ratio of the
average growth rate to the annual GDP growth rate,
that is, the elasticity coefficient is 0.17, which is a
relative decoupling scenario.
Scenario 3: If energy productivity increases by
17.3% on the basis of 2018, carbon dioxide emissions will be equal to the level in 2018, with an average annual growth rate of 0%. The coefficient of

FIGURE 3
CO2 emissions and GDP per capita in Xi'an from 2009 to 2018.

FIGURE 4
Per capita CO2 emissions in Xi'an from 2009 to 2018.
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FIGURE 5
Industrial energy consumption and its growth rate in Xi'an from 2009 to 2018.

FIGURE 6
Traffic CO2 emissions in Xi'an from 2011 to 2018 and its percentage of total.
In Xi'an's total carbon dioxide emissions, industrial production accounted for the vast majority
of carbon dioxide emissions, accounting for more
than 98% of the city's carbon dioxide emissions from
2012 to 2018. The important focus of energy conservation and emission reduction in Xi'an in the future
should be on how to use clean energy in the industrial production process, develop new technologies,
improve production efficiency, save energy and reduce emissions, and reduce carbon dioxide emissions (Figure 5).
Electricity in Xi'an is mainly supported by thermal power and hydropower. Thermal power needs to
burn fossil fuels such as coal and petroleum. On the
one hand, fossil fuel reserves are limited; on the
other hand, carbon dioxide and sulfur oxides are
emitted during the combustion process. We should
gradually improve the energy structure in future development and vigorously develop clean energy.
In recent years, the energy consumption of industrial coal in Xi'an has continued to rise, but the
growth rate over the previous year has been steadily
decreasing since 2005. The four pillar industries in
Xi'an are petrochemicals, automobile manufacturing,
metallurgy (especially steel) and electricity [21].

Other industries with important contributions include construction, agriculture, and electronics.
Therefore, the industrial production process in Xi'an
must consume a lot of energy. A special challenge is
that Xi'an has a large potential reserves of oil shale,
and oil shale releases more carbon dioxide during the
combustion process than traditional oil.
The carbon dioxide emissions from traffic in
Xi'an have been rising since 2015, but its proportion
of total carbon dioxide emissions in Xi'an is not high
(Figure 6).
Xi'an is located in the western region, with cold
winter temperatures and a long time. The average
temperature in January is generally -15 ~ -ႏ
most of July is 22 ~ ႏWKHGDLO\DYHUDJHWHPSHU
DWXUHLVDERYHႏDQGWKHDFWLYHDFFXPXODWHGWHP
perature is 2400 ~ ႏ
It can be seen from Figure 7 that Xi'an has a
cold temperature below zero degrees Celsius for up
to 5 months each year, and the heating period is long,
so the insulation performance of the building is very
important. Providing heat energy to buildings will
consume a lot of energy. Xi'an buildings should take
measures such as increasing insulation layers, increasing the number of windows, and closing doors
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FIGURE 7
The monthly average temperature of Xi'an in 2018.

Index
Green coverage
area, hectares
Garden green area,
hectares
Public green area,
hectares
Number of parks,
Park area, hectares
Per capita public
green area, hectares
Green coverage
rate, %

TABLE 2
Urban green area of Xi'an from 2013 to 2018
2013
2014
2015
2016

2017

2018

7617.6

7704.1

7784.1

7917

7982

7997

6670.9

6740.9

6810.9

6050

6100

6115

1091.4

1151.4

1201.4

1015

1323

1330

8
429

8
429

8
429

8
429

8
429

8
451

6.08

6.44

6.68

5.62

10.46

10.48

40.5

40.53

41.01

41.81

42.2

42.29

and windows to improve their insulation performance to reduce energy consumption.
There are currently 8 parks in Xi'an, with a
large per capita green area. The green coverage rate
of urban green space reached 42.29% in 2018. Large
areas of green space have increased the absorption of
carbon dioxide (Table 2). In the future construction,
the construction of urban green space should be further strengthened to increase the carbon sink capacity of Xi'an.

equipped with complete functions, such as commerce, residence, politics, sports, etc. There should
also be a variety of residential types, such as single
buildings, townhouses, apartments, etc. The community should promote mixed living of residents of different ages and incomes, increase residents' interest
in participating in community activities, and increase
residents' sense of responsibility. The community
should be equipped with landscape greening, commercial outlets, and street traffic so that residents can
enjoy the large-scale public service facilities
equipped in the city.
The scale of land use in residential areas should
be suitable for pedestrians and bicycles, and should
be within a reasonable planning range. At present,
the development of many urban residential areas has
the problem of too large a single piece of land. Because the community has clear boundaries, the entrances and exits are closed and managed, so that
public transportation is blocked from the community,
which brings great inconvenience to residents' travel.
The large land area encourages private car travel to
a certain extent and reduces walking and bicycle
travel. A large amount of traffic in the residential

Low-carbon city planning and countermeasures. (1) Low-carbon space and layout. In the process of urbanization, cities began to spread to the
suburbs. The planning and construction of low-carbon cities should emphasize compact development
of cities and control low-density construction. The
compact development of the city can reduce the
travel distance of residents and save suburban green
space resources. In 1996, the Iztanbul Habitat Conference in Turkey clearly stated that comprehensive
dense cities will become the future urban development model. Comprehensive dense city refers to the
use of less urban land to provide more urban space
and enable it to bear more and higher quality living
content [22-23]. Residential areas in cities should be
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area flows from the entrance and exit of the community to the main road, causing traffic congestion, increasing energy consumption and exhaust emissions.
According to the survey, most people are willing to walk within 150 meters, 40% are willing to
walk 300 meters, and only no more than 10% are
willing to walk 800 meters. Therefore, a walking distance of 5 minutes to 15 minutes, that is, a radius of
about 400 to 800 meters, should be used as a reasonable space for walking in the community. Layout of
bus stops at the junction of the outer boundary of the
community to form a mesh system with other subway stations can greatly reduce the use of private
cars.
Under the goal of building a "low-carbon city",
planners handle the integration of the community
public transportation system and urban mass transportation in the process of urban planning. The establishment of compact community public transportation corridors can effectively control disorderly
travel in the future and reduce transportation energy
consumption. At the same time, it encourages effective mixing of land use, avoids huge or singular functional zoning, and increases the proportion of shortdistance travel. In the future, the structure of sustainable low-carbon cities in China will be an urban
transportation structure based on backbone public
transport, and an environment-friendly city for pedestrians and bicycles.

trees should be suitable for the climate and architectural characteristics of Xi'an, reflecting the local customs and historical features of Xi'an, and striving to
create a comfortable and pleasant living environment.
Architectural design can be as diverse and flexible as
possible, taking into account people's communication needs.
(3) Low carbon emissions and treatment.
The main carbon sink method currently applicable in
Xi'an is forest carbon sink, which means that forest
plants absorb carbon dioxide from the atmosphere
and fix it in vegetation or soil, thereby reducing the
concentration of the gas in the atmosphere. It is one
of the most feasible and effective measures to absorb
carbon dioxide through tree planting activities, offset
the greenhouse gas emissions of some industries, and
reduce the pressure of emission reduction. Therefore,
investment in forestry should be increased through
multiple channels. Increase investment in afforestation and forest management. At the same time, in the
existing green space construction projects, the carbon sequestration effect of green plants should be
considered as much as possible to protect the existing green space and urban parks. At the same time,
we construct street green space, riverside green
space, public green space, etc. in the city. Enlarging
the carbon sink area can also improve the urban
green landscape.
Carbon dioxide capture and storage (CCS) refers to the process of separating carbon dioxide from
industrial or related energy sources, transporting it to
a storage site, and isolating it from the atmosphere
for a long time. In summary, carbon capture and storage is divided into three stages:

(2) Low-carbon communities and buildings.
Community energy utilization should pay attention
to the treatment and utilization of domestic garbage,
for example, combustible garbage such as branches
and leaves can be collected to provide heat sources.
Rainwater and domestic wastewater should be
treated and recycled. The emission and layout of
buildings should be in line with climate conditions
as much as possible. We actively carry out community planning, combine bio-energy with life production, and promote changes in residents' lifestyles to
adapt to a low-carbon society.
Architectural design should first develop the
land reasonably and appropriately, and should not
build too high-density living space for the comfort of
residents. The land should not be developed with
low-density to avoid waste of land and energy consumption. The grasp of specific scales should be
flexibly grasped in light of local actual conditions.
Recyclable products should be selected for construction materials, and durable materials and local
products should be used as much as possible. We
should not blindly pursue high prices to build lowcarbon buildings, and leave things alone. Buildings
should thicken walls and multi-layer windows to improve thermal insulation performance and avoid heat
loss. We should use more energy-saving lamps, solar
energy as heating measures, and use wind power,
photovoltaic and other equipment to reduce energy
consumption. The selection of flowers, plants and

1) Capture stage. There are currently three
main technical paths for carbon dioxide capture:
post-combustion capture, pre-combustion capture,
and oxy-fuel combustion capture [9, 24]. Regardless
of the collection method, in short, the gas produced
by coal-fired power plants is collected, and the carbon dioxide is separated and collected after desulfurization and other processes. Post-combustion capture refers to the use of liquid solvent and heating to
separate carbon dioxide from the exhaust gas generated after the combustion of fossil fuels, which is
suitable for existing power station renovation. Precombustion capture is the first conversion of fossil
fuels into a mixture of hydrogen and carbon dioxide,
and then the carbon dioxide is absorbed by liquid
solvents or solid adsorbents, and then released and
concentrated by heating or decompression, which is
suitable for new power plants in the future. Compared with the capture after combustion, the pressure
and concentration of carbon in the capture before
fuel are relatively higher. This makes the separation
of carbon easier and also provides the possibility of
further application of new carbon capture technologies. The oxygen-enriched combustion technology
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currently being used in laboratories or pilot projects
on a small scale also involves the fuel combustion
process, but the difference is that the combustionsupporting agent is oxygen instead of air. The exhaust gas after combustion is mainly composed of
water vapor and high-concentration carbon dioxide.

(2) The compact space living mode should be
promoted in the urban spatial layout. We should implement mixed land use to reduce travel distance. In
addition, we should also strengthen the thermal insulation of the building, take measures such as increasing the thermal insulation layer, increasing the number of windows and closing doors and windows to
improve its thermal insulation performance to reduce
energy consumption.
(3) We should increase investment in forestry
through multiple channels, strengthen the carbon sequestration effect of green plants, and protect existing green spaces and urban parks. At the same time,
we also need to construct street green space, riverside green space, public green space, etc. in the city.
Enlarging the carbon sink area can also improve the
urban green landscape.

2) Transportation stage. The collected carbon
dioxide is transported to the storage site through
pipelines and ships. Transporting compressed carbon dioxide through pipelines is currently the main
method. Liquid carbon dioxide can also be transported by ships, and it is a more economically feasible transport solution. The captured carbon dioxide
must be transported to a suitable location for storage.
Transportation methods such as cars, trains, ships,
and pipelines can be used. Generally speaking, pipelines are the most economical means of transportation. The capture of carbon dioxide can be mainly
used for large-scale emission sources. The captured
carbon dioxide will be compressed, transported and
stored in geological structures, oceans, carbonate ore,
or used in industrial processes.
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3) The storage stage. It can be divided into
three methods: geological storage, ocean storage,
and chemical storage. Geological storage is to inject
carbon dioxide into different geological bodies, such
as submarine salt marsh pools, oil and gas layers, and
coal wells. The storage depth is generally below
800m, so that the deep temperature and pressure conditions can keep the carbon dioxide in a liquid state.
Geological storage technology is a mature technology that has been used by the oil and gas industry for
decades. Ocean storage is the release of carbon dioxide into the ocean water body or the seabed below
3000m through pipelines or ships. In the “dissolved”
ocean storage, the carbon dioxide quickly dissolves
into the seawater, while in the “lake” ocean storage,
the carbon dioxide is initially the liquid deposited on
the seabed. There are still technical uncertainties in
marine storage technology, and there are also greater
risks to the marine environment and marine life.
Chemical storage converts carbon dioxide into inorganic mineral carbonates through chemical reactions
to achieve almost permanent storage. The technology in this area is still in the research stage, and its
economic feasibility and emission reduction efficiency are also uncertain.
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ABSTRACT

INTRODUCTION

Nowadays, the competitive environment of
enterprises is becoming increasingly fierce, and
environmental regulations have put forward higher
requirements and standards for enterprises. Driven
by
ecological
concepts
and
sustainable
development concepts, the acquisition and
promotion of dynamic capabilities has become the
key. The dynamic capability literature included in
the Web of Science database is the research data.
Firstly, the quantitative analysis and influence
analysis of dynamic capability research are carried
out by using the bibliometric method. It is found
that the number of literatures published in this field
has been increasing exponentially in recent years,
and the literatures are mainly in developed
countries (regions). The research fields belong to
strategic management with tendency of crossdiscipline and fusion. The research method is based
on quantitative empirical research, and the richness
and universality need to be strengthened. Secondly,
clustering shows that the content layout of dynamic
capability research can be roughly summarized as
four aspects: dynamic capability research on
improving the enterprises’ internationalization
strategy, dynamic capability research on building
the micro-organization level of enterprises, research
on building dynamic capability to continuously
improve competitiveness of enterprise through
enterprise’s resources innovation, and research on
building dynamic capability from the perspective of
enterprise cooperative network. Finally, with the
development of economic globalization, research is
expended gradually from single enterprise’s
dynamic capacity building, to inter-enterprise
cooperation to form unique dynamic capacity,
enhancing the competitive advantage of enterprises.

In a rapidly changing environment, all
competitive advantages are short-lived. Only by
quickly responding to opportunities and possessing
dynamic capabilities, the enterprise's sustainable
competitive advantage can be guaranteed. Dynamic
capability refers to a company’s ability to integrate,
cultivate and reconfigure its internal and external
resources to cope with and shape a flexible business
environment [1], with the aim of generating
exceptional returns. The essence of resource and
dynamic capabilities is that they cannot usually be
purchased directly and can only be built. Dynamic
capabilities measure the ability to adjust and readjust, while resources measure the ability to
integrate and integrate so that they can adapt to the
business environment. Perception, utilization, and
transformation are special attributes of the
Company, enabling it to evolve and co-evolve with
the business environment. This ability is critical to
long-term profitability [2].
In the past 30 years, many scholars have
produced a lot of research literature on enterprise
innovation and performance improvement based on
the basic theory of resourcesˈ and they try to use
the methods of literature review, meta-analysis and
so on to summarize and comb the research
achievements; but due to large literature quantity,
the existing research cannot fully reflect the current
situation and development trend of the field. Based
on this, this literature takes bibliometric analysis as
the research method, combs the research literature
in the field of dynamic capability, summarizes the
important research achievements in this field,
probes into the knowledge system and structure
characteristics of dynamic capability research
abroad at present, and reveals the research hotspots
and trends in this field. We hope this literature can
provide reference for theoretical and practical
researchers concerned in this field, and promote the
study of dynamic capability.

KEYWORDS:
Ecological sustainability, dynamic capability, CiteSpace,
knowledge graph, research status quo
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published. Statistics were carried out on 3611
documents.
As shown in Figure 1, 1989-2001 was the first
stage of dynamic capability research, this 12-year
period accounted for 2%, and the average annual
publication volume was 6.2; 2002-2014 was the
growth period, the total number of 8-year years
accounted for 28.0%, and the average quantity of
published literature was 43.6; 2015-2019 was the
outbreak period, as of October 22, 2019, the total
number of 5-year accounted for 48.5%, and the
average quantity of published literature was 350.

MATERIALS AND METHODS
Research methods. Based on co-citation
analysis and network search algorithm, this
literature mainly uses the information visualization
tool, CiteSpace, develop of Computer and
Information Science College of Drexel University
in the United States, and studies the key path and
the turning point of knowledge (the key literature as
the representative). In this study, author,
organization and country co-occurrence, keyword
co-occurrence and clustering are used, and
references are cited. By analyzing the visualized
network knowledge graph, we can intuitively
present the knowledge structure, hot field and
frontier evolution of dynamic capability research
field.

(2) Analysis of the number of papers cited.
Use the software Hiscite to analyze the LCS (Local
Citation Score) and GCS (Global Citation Score)
indicators on the original data. Figure 2 shows the
statistics of TLCS (Total Local Citation Score) and
TGCS (Total Global Citation Score) from 1989 to
2019. Both TLCS and TGCS reached high levels in
the vicinity of 1997, 2003 to 2007 and 2009 to 2010,
while the overall latter half began to show a
downward trend. The number of citations of papers
in this discipline has decreased year by year after
2010, indicating that dynamic capabilities have
entered a low period at this stage. There may be
two reasons for the decrease in citations in the field
of dynamic capabilities after 2010:
1) Changes in the main types of publications:
Many review papers were published between 2003
and 2010, and they were in a period of bias towards
knowledge discovery and knowledge induction and
summary of dynamic capabilities. After 2010, there
have been fewer review papers, and more papers
are research papers on the research of corporate
dynamic capabilities in the context of the digital
economy. It belongs to the practical application
stage of the theoretical knowledge summarized
through the phenomenon some time ago;

Data source and processing. This literature
takes Web of Science (abbreviation WOS), an
American comprehensive online literature database.
The subject of advanced retrieval is TS =
(“DYNAMIC CAPABILITES”), the document type
is (ARTICLE OR REVIEW), the time span is all
years, the index database is SCI-EXPANDED, after
SSCI is screened and searched, a total of 3611
articles have been obtained, of which, 3338 are
ARTICLES, 273 are REVIEWS. The final update
of the data was on October 22, 2019.

RESULTS
Analysis on quantity of literature
published. (1) Annual distribution analysis. In
terms of the time dimension, there is an obvious “J”
shape distribution in the amount of literatures

FIGURE 1
The Time Distribution of the Dynamic Capability Literature.
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2) The transfer of subject hotspots: Before
2010, the hotspots in this field tended to study the
composition and influencing factors of enterprise
dynamic capabilities. After 2010, the research in
this field tended to study micro-factors such as
dynamic management capabilities. The research on
dynamic capabilities has shifted.

nodes), which is enough to show that the paper is of
vital importance in the field of dynamic
capabilities.
Analysis on journal publishing the
literatures. Ten academic journals with the largest
number of published literatures are listed in Table
1. The 10 journals focus on management and
organizational behavior, the related literatures
published accounts for nearly one-third of all
published literatures. There are more than 2
influential factors in 8 journals. Journal of
Management Studies more than 5.8 influential
factors. The above indicate that many authoritative
journals in academia are interested in the study of
dynamic capacity.

(3) Analysis of Paper Citation. It is worth
noting that the highest value of LCS and GCS is the
same paper, which is Teece, D. J. Dynamic
capabilities and strategic management published in
Strategic Management Journal in 1997. Use Hiscite
to map the top 30 TLCS papers. Each circle
represents a paper. As can be seen from Figure 3, it
represents dynamic capabilities: routines versus
entrepreneurial action is the most cited paper (1455

FIGURE 2
Annual cited times of papers.
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FIGURE 3
Annual distribution of papers related to dynamic capability retrieval.
countries, and most of them are in the United States
or European countries. Moreover, the United States
occupies the largest “academic territory”, followed
by the United Kingdom, China and so on.

Analysis of distribution of author’s country.
As for spatial distribution, in academic territory of
dynamic capacity research, the United States and
Europe are important, and the United States has
absolute influence, especially has superiority in the
structural distribution of research. The cooccurrence analysis of countries is carried out by
using CiteSpace software, and graph of national
cooperation is shown in Figure 4. The study show
that the countries (or regions) in the top five are the
United States, Britain, China, Italy and Australia.
The distribution of dynamic capacity research in
geographical spatial dimension is very uneven, and
the research is mainly focused on developed
countries such as the United States and Europe.
There is a certain degree of cooperation between

Literature analysis on high citation and cocitation. Top 10 highly-cited literatures of workfamily conflicts are shown in Table 2. As can be
seen from Table 1, most of the highly-cited
literatures were published 10 years ago. It mainly
focuses on the following aspects: First, the
literatures on building of dynamic capabilities
framework theory[1-4]; secondly, the comprehensive review literature on assessment of
antecedents, and outcome variables, such as
innovation, strategic change and firm performance

TABLE 1
The Distribution of the Journals (TOP10)
Serial No.
1
2
3
4
5
6
7
8
9
10

Journal
Journal of Business Research
Strategic Management Journal
Industrial Marketing Management
Journal of Management Studies
Management Decision
Organization Science
International Journal of Technology Management
International Journal of Operations & Production
Management
Industrial and Corporate Change
International Journal of Production Economics

524

Amount of text
133
131
95
68
65
57
53

Citation
4245
37096
2406
6424
1180
10165
635

51

1343

50
50

2281
1449
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FIGURE 4
Graph of National Cooperation in Dynamic Capability Research.
[5-6]; thirdly, the literatures on the impact of three
levels of perception, utilization and transformation
on corporate innovation and firm performance
under the framework of dynamic capabilities. [7-9].
Graph of literature co-citation is shown in
Figure 5, Teece et al. [2] ranked the top of list with
532 citations. Among the top 10 cited literature

groups, eight were co-cited together, which fully
exemplifies the status of Teece DJ as an important
research pioneer in this field. Nine literatures [1013] have the highest citation frequency with
literature of other authors, indicating that these nine
literatures have high degree centrality and are
important basic literatures in this field.

TABLE 2
Summary of Highly-cited Literatures (Top 10)
Serial
No.

Title

1

Dynamic Capabilities
Strategic Management

2

Dynamic Capabilities: What
are they?

3

4

5
6

7

Author

Total citation
frequency

Publication
time

Teece DJ, Pisano G,
Shuen A

9850

1997

Eisenhardt KM, Martin
JA

4908

2000

Zahra SA, George G

3627

2002

STRATEGIC
MANAGEMENT
JOURNAL

Teece DJ

2916

2007

ORGANIZATION
SCIENCE.

Zollo M, Winter SG

2324

2002

LONG
RANGE
PLANNING.

Teece DJ

1558

2010

ACADEMY
OF
MANAGEMENT
REVIEW.

Benner MJ, Tushman
ML

1547

2003

Amit R, Zott C

1543

2001

Winter SG

1532

2003

Helfat CE, Peteraf MA

1381

2003

Journal name
and

Absorptive
Capacity:
A
Review, Reconceptualization,
and Extension
Explicating
Dynamic
Capabilities: The Nature and
Microfoundations
of
(Sustainable)
Enterprise
Performance
Deliberate Learning and the
Evolution
of
Dynamic
Capabilities
Business Models, Business
Strategy and Innovation
Exploitation, Exploration, and
Process Management: The
Productivity
Dilemma
Revisited

8

Value Creation in E-business

9

Understanding
Capabilities

10

The Dynamic Resource-based
View: Capability Lifecycles

Dynamic

STRATEGIC
MANAGEMENT
JOURNAL
STRATEGIC
MANAGEMENT
JOURNAL
ACADEMY
OF
MANAGEMENT
REVIEW

STRATEGIC
MANAGEMENT
JOURNAL.
STRATEGIC
MANAGEMENT
JOURNAL.
STRATEGIC
MANAGEMENT
JOURNAL.

525

© by PSP

Volume 30– No. 01/2021 pages 521-531

Fresenius Environmental Bulletin

FIGURE 5
Graph of Literature Co-citation of Dynamic Capability.
network nodes is 806, the number of connections is
471 and the network density is 0.0015. Obviously,
the author team of dynamic capability research is
relatively close, and the cooperation among the
authors is high, and there are many links between
them, which basically form the academic
community (see Figure 6).

Analysis on authors and their cooperation.
Graph of authors and their cooperation: the author
team of dynamic capability research is relatively
close; the degree of cooperation among the authors
is high with more communications. In the graph of
cooperation of authors, the node font size represents
the author’s output, and the join edge represents the
cooperation. The results show that the number of

FIGURE 6
Graph of Cooperation of Authors of Dynamic Capability.
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FIGURE 7
Graph of Cooperation of Institutions of Dynamic Capability.
Analysis of research institutions. Graph of
research institutions and cooperation: the research
institutions in the United States and the United
Kingdom are the leaders in this field, and the
relationship and cooperation between academic
institutions have been formed. The co-occurrence
analysis of the mechanism is carried out with
CiteSpace software, and Figure 7, Graph of
Cooperation of Institutions is obtained. Data
analysis shows that the institutional network of
dynamic capacity research is relatively close, but
the connection and cooperation between the
institutions have been formed.

Analysis on research hotspot of dynamic
capability and its trend analysis. (1) Research
theme recognition. Through the academic context
presented by the co-occurrence of keywords, we
use Citespace to obtain high-frequency and highschool core keywords for 30 years of dynamic
capability research. The font size in the figure
represents the word frequency of the keyword, and
the connection between the nodes indicates the cooccurrence relation between the keywords [14-15].
As shown in Figures 8, “dynamic capability” and
“performance” are the two most frequently used
nodes in this knowledge graph. According to Table
3, the research hotspots of dynamic capabilities

FIGURE 8
Graph of Co-occurrence of Dynamic Capability Keywords.
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TABLE 3
Keywords with High Frequency and High Centrality in Literatures of Dynamic capability
Frequency
ranking

Keyword

Initial
year

Frequency

Centrality
ranking

1

Dynamic capability

1992

2816

1

2
3
4

Performance
Competitive advantage
Resource based view

2000
1996
1996

1097
928
857

2
3
4

5

Innovation

1996

852

5

6

Firm

1996

758

6

7
8
9
10

Management
Knowledge
Absorptive capacity
Firm performance

2001
1996
2002
1995

670
593
545
528

7
8
9
10

Keyword
Dynamic
capability
Organization
Innovation
Capability
Resource
based
view
Strategic
management
Integration
Framework
Firm performance
Knowledge

Initial
year

Centralit
y

1992

0.35

1995
1996
1995

0.23
0.22
0.19

1996

0.17

1995

0.15

1996
1996
1996
1996

0.15
0.14
0.11
0.1

FIGURE 9
Keyword Clustering Graph of Dynamic Capability.
TABLE 4
Automatic Clusters of Keyword Co-occurrence Networks.
Cluster ID
0
1
2
3
4
5
6
7
8
9
10
11
12

Size
39
33
28
20
11
10
10
9
7
6
6
6
5

Silhouette
0.932
0.979
0.928
0.843
0.967
1
1
0.989
0.985
1
1
1
1

Mean (Year)
1999
2000
2000
1998
1998
1991
1991
2000
2005
1994
1994
1994
1997

528

LLR
Strategic management
Sustainable competitive advantage
Dynamic capability
Research and development
Global dynamic problem
Value creation
Value network
Organizational learning
External knowledge exploitation
Open innovation
Corporate sustainability
Entrepreneurship
Agency problem
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FIGURE 10
The knowledge map of Dynamic Capability on an evolution path.
over the past 26 years has mainly focused on the
aspects of “innovation”, “resource based view”,
“firm performance”, etc. Thus, the result variable
and the pre-dependent variable of dynamic
capability are the focus of scholars’ continuous
attention. Firm performance and innovation are the
key issues to be solved by the research institute of
dynamic capability. Competitive advantage is the
intermediate variable of dynamic capability.
Knowledge is the model of dynamic capability.
Empirical research is the main method of dynamic
capability research. From the perspective of the
centrality of keywords, results variables, especially
innovation and firm performance, are the most
closely related to other variables.

research hotspots from the macroscopic angle of
view.
The first is dynamic capability research on
improving the enterprises’ internationalization
strategy [16]. Such studies include # 4, # 9 in the
cluster graph. The thesis focuses on the application
mechanism and empirical test of dynamic capability
in enterprise internationalization strategy. Typical
keywords include global dynamic problem, open
innovation. The second is research on building the
micro-organization level of enterprises.This kind of
research mainly includes # 7, # 8, # 11, and # 12 in
the cluster graph. The thesis focuses on the
application mechanism and empirical test of
dynamic capability in enterprise organization. The
representative keywords include organizational
learning,
external
knowledge
exploitation,
entrepreneurship, agency problem. The third is the
research on building dynamic capability to
continuously improve competitiveness of enterprise
through enterprise’s resources innovation.Such
studies include # 1, # 3, # 5, and # 10 in the cluster
diagram. The literature focuses on the influence
mechanism and empirical test of dynamic capacity
with resources as antecedent variables, innovation
and competitiveness as outcome variables [9, 17].
Representative keywords include sustainable
competitive advantage, research and development,
value creation, corporate sustainability. The fourth
is that the research on building dynamic capability
from the perspective of enterprise cooperative
network. Such studies include # 6, # 10 in the
cluster diagram. These theses mainly focus on the
influence mechanism and empirical test of the
dynamic capability of supply chain cooperation or
inter-firm cooperation. Representative keywords
include value network, and corporate sustainability.

(2) Topics of research and development
venation. To better explain and analyze the
academic meaning of the above-mentioned
keywords from the point of view of the keywords
clustering, the keywords are extracted by
CiteSpace’s LLR algorithm, so that the system can
generate high-frequency keyword clustering graph,
Modularity = 0.8305 > 0.3, Mean Silhouette =
0.8992 > 0.5, indicating that the clustering is good
and has a clear outline. As shown in Figure 9, the
specific information of knowledge clustering is
shown in Table 4.
The two largest clusters are the cluster 0
“strategic management” and the cluster “sustainable
competitive advantage”. The number of literatures
in the cluster is 39 and 33, respectively. Based on
the previous studies of scholars and the analysis of
knowledge graphs, this literature generalizes and
arranges the research hotspots of dynamic
capability, and divides them into the following
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(3) Research trend analysis. In order to
visualize the development stages and trends of
dynamic capability research field, time zone graph
is used to map the time line view of keyword
clustering in this field (see Figure 10). As what can
be seen from Figure 8, studies in the field of
dynamic capacity over the 26 years can be roughly
divided into three phases: 1991-2003, 2004-2010
and 2011-2019.
The research of dynamic capability in 19972003 mainly focused on the construction of
theoretical framework, which is the budding stage
of dynamic capability, analyzing the dynamic
capability from the view of resource base, and how
to achieve competitive advantage by integrating
enterprise resources [18-20]. After 2003, with the
promotion of information technology, the research
on dynamic capability has developed towards
R&D, product innovation, application of
information technology and network. In 2011-2018,
the study of dynamic capability went further into
the micro-level of enterprises. With the
development of economic globalization, researches
gradually extend from single enterprise’s dynamic
capacity-building to inter-enterprise cooperation, to
form unique dynamic capacity.

is relatively close; the United States, the United
Kingdom and other European and American
countries are the center, and the cooperation is
relatively close. Some important documents which
have long-term influence on the study of dynamic
capabilities are found through the path information
of the co-cited documents, which constitute the
knowledge base of the study of dynamic
capabilities.
(3) Through the clustering analysis, the
content of the research on dynamic capability can
be roughly summarized four aspects as follows:
dynamic capability research on improving the
enterprises’ internationalization strategy, dynamic
capability research on building the microorganization level of enterprises, research on
building dynamic capability to continuously
improve competitiveness of enterprise through
enterprise’s resources innovation, and research on
building dynamic capability from the perspective of
enterprise cooperative network.
(4) In addition, this study makes use of the
CiteSpace citation space analysis software to
analyze the status quo of dynamic capacity research
from a macro point of view, but when it comes to
each of the relevant documents, there is not enough
attention to the content of the full text of the
literature, so further research needs to be done on
the basis of further expansion of the data by using
the method of interaction with text analysis, to
delve deep into the rich connotation behind the
data.

CONCLUSIONS
With the continuous deepening of the concept
of sustainable development and ecological
concepts, and the increasing intensity of
environmental regulations, dynamic capabilities
under environmental regulations can enable
enterprises to effectively explore and integrate
internal and external resources to improve the
efficiency of resource allocation, while also being
able to adapt to the instantaneous changes in the
market Adjust corporate strategy in time to better
adapt to corporate development demands. Based on
CiteSpace visual software, taking literatures on
dynamic capabilities in the WebofScience database
as samples, this paper analyzes the current
situation, knowledge base, research frontier and
hotspots of dynamic capabilities, and draws the
following conclusions:
(1) In recent years, the research interest of
dynamic capabilities is more and more intense, and
the research generally shows a good development
trend. Geospatial research has focused heavily on
European and American countries such as the
United States and the United Kingdom.
(2) On the dynamic capabilities related
research cooperation situation, the research teams
of dynamic capabilities have closer connections.
The network of dynamic capabilities research
institutions is closer; each research institution has
certain connection. And the cooperation of
countries that carry out dynamic capacities research
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ABSTRACT

INTRODUCTION

In this paper, in view of the importance of early
recovery of abnormal cardiopulmonary function of
racing athletes under atmospheric haze environment,
we have formulated a scientific and reasonable
exercise strategy. We selected 32 racing athletes and
randomly divided them into 4 groups, namely the
control group (Control Group, CG), the light aerobic
exercise group (LEG), and the moderate aerobic
exercise group (Moderate aerobic exercise). group,
MEG), and heavy aerobic exercise group (Aerobic
exercise group, AEG). There are 8 speed athletes in
each group, half men and women, and their training
lasts for 5 weeks. Throughout the training process,
we use the cardiopulmonary function test operating
system purchased from Jaeger, Germany, to guide
the racing athletes in different levels of aerobic
training. And before and after training, the
cardiopulmonary function of racing athletes is
comprehensively measured. The results found that
male and female athletes have significant differences
in the final body indicators due to obvious
differences in physiological structures. Therefore, in
the atmospheric haze environment, gender
differences should be actively considered when
formulating aerobic training programs for racing
athletes. After the experiment, the cardiopulmonary
load tolerance, tolerance time, cardiopulmonary
oxygen uptake and ventilation of the racing athletes
were all improved. Aerobic training should pay
attention to the level of training. Minor training does
not improve significantly, heavy training does not
improve or even deepens cardiopulmonary injury,
and moderate training has the best effect. This study
is helpful to guide the development of environmental
protection sports under the condition of serious air
pollution.

In recent years, due to the rapid development of
urban construction and industrialization, air
pollution has also increased. In the haze weather, PM
2.5 (atmospheric fine particulate matter), which has
attracted much attention, is also a very important
factor that poses a threat to human health [1-3]. At
the same time, with the tremendous development of
sports racing, the requirements for athletes' physical
function are also increasing. Racing sports are
anaerobic exercises, which have the characteristics
of short duration, fast pace, and high intensity. For
athletes, in the process of racing in the haze weather,
the intensity of muscle activity of racing athletes will
reach the maximum in a short time. The metabolic
rate also increases sharply, which will cause a large
amount of theophylamine secretion in the body's
blood [4-5]. This greatly increases the oxygen
demand of cardiomyocytes. If it is not supplemented
in time at this time, it may cause myocardial hypoxia
and ischemia. Therefore, scientific and reasonable
aerobic training for racing athletes before and after
large-scale racing competitions is very important for
the early recovery of abnormal cardiopulmonary
function of racing athletes.
Racing sports is a sports extreme challenge
close to the human body itself. For every
performance improvement, new technological
changes are required. Especially in modern racing
sports, it is not just the "physical input" of coaches
and athletes [6-8]. The training of modern racing
athletes includes several major aspects, such as the
selection of athletes, competition training venues,
training level, and management level. If you want to
create good and outstanding results, you need a
comprehensive auxiliary training system with
specialized multi-disciplinary and multi-personnel
participation. The staff of this system include
coaches, doctors, scientific researchers, nutritionists,
and body recovery personnel before and after the
game. Each individual carries out work in various
fields according to their respective functions, and
provides unified services for racing athletes.
Driven by economic interests, stimulated by
national interests and influenced by cultural

KEYWORDS:
Atmosphere haze environment, aerobic training, racing
sports, cardiopulmonary function recovery, PM2.5
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TABLE 1
Each evaluation index and its meaning
Indexes

Meaning
The ratio of the forced expiratory volume in the first second to the vital capacity of a
racing athlete during training
The ratio of the forced expiration volume in the first second to the estimated value during
training
The maximum load that a racing athlete can tolerate
Individual ventilation during maximal aerobic exercise
Individual oxygen uptake at maximum exercise load
The tolerable time from the tested athlete's cycling power until stopping

FEV1/FVC
FEV1/Estimated value
Peak power
Peak ventilation (VEmax)
Peak oxygen uptake (VO2max)
Duration

atmosphere, racing has developed rapidly. The
competition on the field is getting fiercer and the
confrontation is getting more and more cruel [9].
Especially in modern racing sports, the test for
racing athletes is not only physical strength, but also
the comprehensive ability of the body. If a racing
athlete wants to achieve excellent results in racing
sports and give play to the best form of competition,
he must rely on strong physical and skill training so
that all parts of the body can adapt to the complex
competition requirements during the competition.

systematic understanding of the current research
status and future trends of this subject will provide a
theoretical basis for scientific aerobic training.
(3) Exercise experiment. The cardiopulmonary
function test and training system used in this study
was purchased from Jaeger, Germany. Before each
test is carried out, it is necessary to evaluate the
various indicators of the test athletes and record their
initial values.
Throughout the experiment, the racing athletes
participating in the test need to wear a breathing
mask. All sit on the system power car in a riding
position, and keep the upper body upright, the
control group did not pedal and ride, and the other
groups must pedal and ride. The pedaling and riding
actions are carried out in accordance with the unified
operating specifications, and the training time is
basically controlled within 15 minutes each time.
When training, the racing athletes participating in the
test must first perform 3 minutes of idling treadmill
practice. It stares at 5 revolutions/min at first, slowly
starts to increase at 20 revolutions/min, and starts to
remain
unchanged
after
reaching
50-60
revolutions/min. In the light aerobic exercise group,
they stopped cycling until they were slightly
exhausted. The moderate aerobic exercise group felt
exhausted after cycling. The heavy aerobic exercise
group pedaled to a super fatigue state, and then
slowly slowed down the cycling speed until it
stopped.
To better assess the recovery of the
cardiopulmonary function of the racing athletes
participating in the training, the standards we set for
each index are shown in Table 1.

MATERIALS AND METHODS
Research object. We selected 32 racing
athletes and randomly divided them into 4 groups,
namely the control group (Control Group, CG), the
light aerobic exercise group (LEG), and the
moderate aerobic exercise group (Moderate aerobic
exercise). group, MEG), and heavy aerobic exercise
group (Aerobic exercise group, AEG). There are 8
speed athletes in each group, half men and women,
and their training lasts for 5 weeks. All racing
athletes voluntarily participated in this experimental
study, and their initial cardiopulmonary levels were
basically the same.
Research method. (1) Haze particle
measurement. The YH-1000 large-flow dust particle
sampler produced by Qingdao Jingcheng Company
collects the haze particles in the haze weather, and
then determines the particle morphology of the haze
particles by scanning electron microscope-X-ray
energy spectroscopy (SEM-EDX).
(2) Literature method. We search and read
related books on the Internet to check the aerobic
training, physical training and cardiopulmonary
function recovery of racing athletes. Furthermore, a

Data analysis. All data in this study were
analyzed using SPSS17.0 analysis software. All data
presentation methods are mean ± standard deviation.
When P<0.05, it means the difference is significant
and statistically significant. When P<0.01, it means

TABLE 2
Morphological characteristics of haze particles
Parameter

Result

Bulk density
Tap density
Response angle (degrees)
Geometric diameter (um)
MMAD (um)

0.036
0.059
22.15
1.25
0.31
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TABLE 3
Comparison of the cardiorespiratory tolerance time of racing athletes before and after training (unit: S)
Class
CG
LEG
MEG
AEG

Gender
Female
Male
Female
Male
Female
Male
Female
Male

the difference is extremely
statistically significant.

Before training
227.4±15.8
244.6±16.3
226.8±14.5
245.1±18.2
227.1±17.3
244.8±16.5
227.3±16.9
244.7±14.5

significant

and

After training
228.3±13.6
245.1±15.4
230.2±17.2
251.8±16.7*
253.5±17.3*
272.3±18.1*
225.1±16.3
242.6±17.2

Difference
0
0
3.4±0.2
6.7±0.8
26.4±1.4**
27.5±1.6**
-2.2±0.2
-1.4±0.1

the early abnormalities of the heart and lungs of
racing athletes is pulmonary edema. The main
manifestation of pulmonary edema ultrasound is
multiple comet tail sign, which is often called B-line
[10-11]. It is specifically defined as the hyperechoic
line perpendicular to the pleural line that moves with
breathing. There are currently four levels, normal,
interstitial syndrome, interstitial-alveolar syndrome
and white lung, as shown in Figure 1.

RESULTS AND DISCUSSION
Observation of the form of smog particles.
The results are shown in Table 2. The haze particle
data in haze weather meets the national haze PM2.5
standard.

Notes: A-Normal, defined as no B-line; Binterstitial syndrome, defined as scattered B-line,
with an interval of about 7mm; C-interstitial-alveolar
syndrome, defined as B-line fusion with an interval
less than 7mm; D -White lung, defined as a fusionlike B-line, the lungs are almost completely white.

Early detection of cardiopulmonary
abnormalities of racing athletes in haze weather.
The heart and lungs of all athletes participating in the
test racing were examined by echocardiography.

Changes in the cardiopulmonary tolerance
time of racing athletes before and after training
in haze weather. The statistical results of the
cardiopulmonary tolerance time before and after
training of the racing athletes participating in the test
are shown in Table 3 and Figure 2.
It can be seen from Table 3 and Figure 2 that
the female tolerant time before training for
participating test racing athletes was 227.4±15.8(s),
and the male tolerant time was 244.6±16.3(s).
There are significant differences in the
cardiopulmonary tolerance time between male and
female racers [12-13]. After light aerobic training,
the cardiopulmonary tolerance time of female racing
athletes is 230.2±17.2(s), and that of male racing
athletes is 251.8±16.7(s). There is a difference in
tolerance time before and after exercise, but it is not

FIGURE 1
Quantitative scoring method based on comet tail
sign classification
The measurement standards are operated in
accordance with the guidelines of the International
Society of Echocardiography. One manifestation of

FIGURE 2
Comparison of the cardiopulmonary tolerance time of racing athletes before and after training
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TABLE 4
Comparison of peak power before and after training by racing athletes (unit: W)
Class
CG
LEG
MEG
AEG

Gender
Female
Male
Female
Male
Female
Male
Female
Male

Before training
79.2±5.3
82.7±4.2
78.5±5.2
82.1±3.6
78.6±5.1
82.4±4.6
78.7±5.4
82.5±4.2

After training
79.4±4.7
82.3±3.1
80.2±4.3
84.4±3.7*
103.2±5.6*
111.5±6.3*
76.7±4.8
81.6±3.7

Difference
0
0
1.7±0.2
2.3±0.3
24.6±1.3**
29.1±1.6**
-2.0±0.2
-0.9±0.1

FIGURE 3
Comparison of peak power of racing athletes before and after training
obvious. After moderate aerobic training, the
cardiopulmonary tolerance time of female racing
athletes was 253.5±17.3(s), and that of male racing
athletes was 272.3±18.1(s). Before and after
exercise, the tolerance time was significantly
increased, and the difference was significant. After
heavy aerobic training, the cardiopulmonary
tolerance time of female racing athletes is
225.1±16.3(s), and that of male athletes is
242.6±17.2(s). Before and after the exercise, the
difference was not obvious, and even slightly
decreased.

significantly increased, and the difference is
significant. After heavy aerobic training, the peak
power of female racing athletes was 76.7±4.8 (w),
and the peak power of male athletes was 81.6±3.7
(w). Before and after the exercise, the difference was
not obvious, and even slightly decreased.
Changes in peak ventilation of racing
athletes before and after training. The statistical
results of the peak ventilation of the racing athletes
participating in the test before and after training are
shown in Table 5 and Figure 4.
It can be seen from Table 5 and Figure 4 that
the peak ventilation volume of females before
training is 27.8±2.1 (L/min), and the peak ventilation
volume of men is 32.6±2.5 (L/min). There are
differences in peak ventilation between male and
female racers. After light aerobic training, the peak
ventilation of female racing athletes was 28.5±2.5
(L/min), and the peak ventilation of male racing
athletes was 34.6±2.7 (L/min). Before and after
exercise, there is a difference in peak ventilation, but
it is not obvious. After moderate aerobic training, the
peak ventilation of female racing athletes was
32.5±3.6 (L/min), and that of male racing athletes
was 40.5±2.3 (L/min). Before and after exercise,
peak ventilation increased significantly, with
significant differences [14-17]. After heavy aerobic
training, the peak ventilation of female racing
athletes was 26.9±4.8 (L/min), and the peak
ventilation of male athletes was 31.3±4.2 (L/min).

Peak power changes of racing athletes
before and after training. The statistical results of
the peak power of the racing athletes participating in
the test before and after training are shown in Table
4 and Figure 3.
It can be seen from Table 4 and Figure 3 that
the peak power of female athletes before training is
79.2±5.3 (w), and the peak power of male athletes is
79.4±4.7 (w). There are differences in peak power
between male and female racers. After light aerobic
training, the peak power of female racing athletes
was 80.2±4.3(w), and the peak power of male racing
athletes was 84.4±3.7(w). Before and after exercise,
the peak power is different, but not obvious. After
moderate aerobic training, the peak power of female
racing athletes was 103.2±5.6 (w), and the peak
power of male racing athletes was 111.5±6.3 (w).
Before and after exercise, the peak power has been
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TABLE 5
Comparison of the peak ventilation of the racing athletes participating in the test before and after training
(unit: L/min)
Class
CG
LEG
MEG
AEG

Gender

Before training

After training

Difference

Female
Male
Female
Male
Female
Male
Female
Male

27.8±2.1
32.6±2.5
27.5±3.4
32.4±2.5
27.6±3.7
32.4±3.6
27.7±2.4
32.5±3.2

27.7±1.5
32.7±2.6
28.5±2.5
34.6±2.7*
32.5±3.6*
40.5±2.3
26.9±4.8
31.3±4.2

0
0
1.0±0.2
2.2±0.2
4.9±0.5**
8.1±0.6**
-0.8±0.1
-1.2±0.2

*

Ventilation(L/

*

FIGURE 4
Comparison of peak ventilation of racing athletes before and after training
TABLE 6
Comparison of the oxygen uptake of the racing athletes participating in the test before and after training
(unit: mL/min)
Class
CG
LEG
MEG

Before training

After training

Difference

Female
Male
Female
Male
Female
Male
Female
Male

894.2±25.3
1188.7±48.2
898.5±45.2
1190.4±52.7
898.6±45.5
1187.4±48.6
898.4±52.1
1187.5±45.3

889.4±41.3
1191.3±53.6
915.2±46.3
1201.6±37.5*
1105.3±56.6*
1310.6±61.3
873.1±52.2
1163.5±33.8

0
0
16.7±1.1
11.2±0.2
206.7±11.5**
123.2±16.6**
-25.3±12.5
-24.0±10.8

Oxygen uptake(ml/min)

AEG

Gender

*

*

FIGURE 5
Comparison of the oxygen uptake of racing athletes before and after training
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Before and after the exercise, the difference
was not obvious, and even slightly decreased.

athletes was 145.4±12.6 (times/min). After 5
minutes of the heavy aerobic training, the heart rate
of the racing athletes was 90.6±5.6 (times/min).
There is a difference in heart rate before and after
exercise, but it is not obvious.

Changes in oxygen uptake of racing athletes
before and after training. The statistical results of
the oxygen uptake of the racing athletes participating
in the test before and after training are shown in
Table 6 and Figure 5.
It can be seen from Table 6 and Figure 5 that
the female oxygen uptake before training of the test
racing athletes was 894.2±25.3 (mL/min), and the
male oxygen uptake was 1188.7±48.2 (mL/min).
There are differences in oxygen uptake between
male and female racing athletes [18-19]. After light
aerobic training, the oxygen uptake of female racing
athletes was 915.2±46.3 (mL/min), and that of male
racing athletes was 1201.6±37.5 (mL/min). There is
a difference in oxygen uptake before and after
exercise, but it is not obvious. After moderate
aerobic training, the oxygen uptake of female racing
athletes was 1105.3±56.6 (mL/min), and that of male
racing athletes was 1310.6±61.3 (mL/min). Before
and after exercise, the oxygen uptake increased
significantly, and the difference was significant.
After heavy aerobic training, the oxygen intake of
female racing athletes was 873.1±52.2 (mL/min),
and that of male athletes was 1163.5±33.8 (mL/min).
Before and after the exercise, the difference was not
obvious, and even slightly decreased.

Changes in blood pressure of racing athletes
before and after training. The statistical results of
the blood pressure of the racing athletes before and
after training are shown in Table 8.
It can be seen from Table 8 that the systolic
blood pressure of the athletes participating in the test
before training is 129.8±12.3 (mmHg), and the
diastolic blood pressure is 80.5±6.4 (mmHg). After
light aerobic training, the systolic blood pressure of
the racing athletes was 141.8±8.6 (mmHg), and the
diastolic blood pressure was 84.2±5.3 (mmHg).
After 5 minutes of aerobic training, the systolic
blood pressure of the racing athletes was 128.5±8.3
(mmHg) and the diastolic blood pressure was
80.4±5.7 (mmHg). There are differences in blood
pressure before and after exercise, but not obvious
[24-25]. After moderate aerobic training, the systolic
blood pressure of the racing athletes was 168.7±14.5
(mmHg) and the diastolic blood pressure was
89.2±8.3 (mmHg). Five minutes after the end of
aerobic training, the systolic blood pressure of the
racing athletes was 136.5±8.5 (mmHg) and the
diastolic blood pressure was 81.4±6.3 (mmHg).
There is a difference in blood pressure before and
after exercise, but it is not obvious. After heavy
aerobic training, the systolic blood pressure of the
racing athletes was 175.7±13.4 (mmHg), and the
diastolic blood pressure was 141.4±14.3 (mmHg).
Five minutes after the end of the exercise, the
systolic blood pressure of the racing athlete was
141.4±14.3 (mmHg) and the diastolic blood pressure
was 82.4±5.5 (mmHg). Before and after exercise, the
difference is not obvious.

Changes in the heart rate of the racing
athletes participating in the test before and after
training. The statistical results of racing athletes'
heart rate before and after training are shown in
Table 7.
It can be seen from Table 7 that the heart rate
of the athletes participating in the test is 82.5±5.7
(times/min) before training, and after light aerobic
training, the heart rate of the athletes is 104.8±4.8
(times/min). After 5 minutes of light aerobic
training, the racing athletes' heart rate was 84.6±5.4
(times/min). There was a difference in heart rate
before and after exercise, but it was not obvious [2023]. After moderate aerobic training, the heart rate of
racing athletes was 129.4±10.5 (times/min), and
after 5 minutes of moderate aerobic training, the
heart rate of racing athletes was 86.5±8.3
(times/min). There is a difference in heart rate before
and after exercise, but it is not obvious. After the
heavy aerobic training, the heart rate of the racing

Discussion. Physical fitness refers to the
activities of the body's functional state and the
metabolism of the body's energy system, and its
acquisition methods mainly include genetic
inheritance and acquired exercise. The physical
performance of the body should also be actively
combined with the external environment [9, 26]. In
recent years, with the rapid development of my
country's economy, the environmental problems that

TABLE 7
Comparison of heart rate of the racing athletes before and after training (unit: times/min)
Class

Before training

After training

Difference

P value

CG
LEG
MEG
AEG

82.8±7.8
82.5±5.7
82.6±5.1
81.9±5.4

83.2±8.3
104.8±4.8
129.4±10.5
145.4±12.6

83.4±5.7
84.6±5.4
86.5±8.3
90.6±5.6

P>0.05
P>0.05
P>0.05
P>0.05
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TABLE 8
Comparison of blood pressure of racing athletes before and after training (unit: mmHg)
CG
LEG
MEG
AEG

Class
Systolic blood pressure
Diastolic blood pressure
Systolic blood pressure
Diastolic blood pressure
Systolic blood pressure
Diastolic blood pressure
Systolic blood pressure
Diastolic blood pressure

Before training
129.8±12.3
80.5±6.4
128.7±7.4
80.8±7.2
129.6±8.3
80.3±14.3
129.5±12.4
80.1±13.6

After training
128.9±11.2
80.2±7.3
141.8±8.6
84.2±5.3
168.7±14.5
89.2±8.3
175.7±13.4
93.4±6.5

follow have also restricted the physical health of
racing athletes. Studies have shown that under the
haze weather, there are three main types of
cardiopulmonary damage to racing athletes:
(1) Physical cardiopulmonary injury. It refers to the
lung injury caused by some inorganic particles to
racing athletes in the haze weather, and its early
manifestations are inflammation and oxidative
stress; (2) Chemical cardiopulmonary injury. It
refers to the cardiopulmonary injury caused by some
soluble components and organic matter in the haze
weather. Acid mist formed by sulfur dioxide, etc.,
can make racing athletes get acid heart and lung
damage; (3) Biological cardiopulmonary injury. It
refers to the heart and lung infections and injuries of
racing
athletes
caused
by
pathogenic
microorganisms covering the haze particles.
Cardiopulmonary function is an important
physiological function index, which can well reflect
the quality of a human body. Therefore, more and
more doctors and scholars suggest to improve and
improve cardiopulmonary function as a main content
of strengthening physical fitness. Studies have found
that the quality of cardiopulmonary function can
directly affect various aspects of the body's abilities,
such as tolerance time, endurance, and
cardiopulmonary power.
In this study, the cardiopulmonary function test
and training system is mainly to measure the various
indicators of the cardiopulmonary function of the
racing athletes participating in the test. According to
the index changes before and after the training of the
participating test racing athletes, the body's
cardiopulmonary tolerance time, tolerance load,
ventilation volume, etc. are evaluated [27-28]. The
results of the study showed that light aerobic training
did not significantly improve the cardiorespiratory
endurance of racing athletes participating in the test
system. Severe aerobic training can even slightly
damage the cardiorespiratory endurance of racing
athletes participating in the test system. Only
moderate aerobic training has a positive effect on the
cardiorespiratory endurance of racing athletes
participating in the test system.
According to the final test data, we can also see
that due to the different physiological structures of
men and women, the lung ventilation, body tolerance

After training 5min
128.4±15.7
80.4±5.7
128.5±8.3
80.4±5.7
136.5±8.5
81.4±6.3
141.4±14.3
82.4±5.5

P value
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05

time and tolerance load of female racing athletes are
generally smaller than that of male athletes [29].
Therefore, when formulating aerobic exercise
strategies, we should also fully consider the gender
and type of sports of the racing athletes, and work
out a scientific and reasonable training plan.
Racing sports is a short time and intense
exercise. Strenuous exercise for a short period of
time may cause very serious damage to the body's
health, or even cardiac arrest. The practical aerobic
training of the body can improve the sports time
tolerance of the racing athletes, which can greatly
improve the cardiopulmonary function of the
athletes. In short, the research shows that a scientific
and reasonable aerobic training program has a
positive effect on the recovery of cardiopulmonary
injury of racing athletes in haze weather, and has a
wide range of application value.

CONCLUSIONS
The haze weather has a very significant damage
to the cardiopulmonary function of racing athletes.
Studies have found that moderate aerobic training
can significantly improve the cardiopulmonary
damage of racing athletes. At the same time, during
the research process, we also found that due to the
obvious differences in physiological structure
between male and female racing athletes, the final
body indicators are quite different. Therefore, in the
atmospheric haze environment, when formulating
aerobic training programs for racing athletes, gender
differences should be actively considered. This study
can provide reference for the development of
environmental protection sports under the
atmosphere haze environment.
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ABSTRACT
As an important raw material for the rise and
sustainable development of industry, petroleum occupies an important position in the national economy.
However, there is always a risk of leakage accidents
during oil extraction, transportation, storage, production and use, and the environment will be severely damaged. This paper first studies the virtual
simulation of pollutants in the oil spill during the diffusion process when a pollution accident occurs. The
simulation of pollutant diffusion prediction includes
the visual display of the invisible pollutant diffusion
process on the computer interface to support emergency personnel in making decisions. This article
takes the oil spill accident in the coastal area as an
example. The virtual simulation of the sudden spread
of oil pollution shows the problems of the current
emergency response to water pollution accidents. On
the basis of system simulation, as a part of platform
support, the design of emergency treatment process
and case study of oil pollution were carried out. The
analysis simulates the handling of oil pipeline accidents, and the simulation and detailed description of
the entire emergency response process to sudden oil
spills. This paper introduces examples of the integration and reception of data when an accident occurs,
the choice of processing methods, the information
interaction between the decision-making method and
the implementation method, and the final evaluation
of administrative efficiency. In addition, the three
stages of accident, intermediate accident and postaccident compare the treatment effect under the visual procedure is compared with the traditional timetable. The comparison results show that, in addition
to clear procedures, comprehensive content among
various departments, and high cost-effectiveness, the
biggest advantage of the long-term plan is that it can
handle the entire emergency work process, and perform special emergency management from the bottom to all emergency work, thereby reducing the
stages of the accident and the damage was caused by
an emergency.

INTRODUCTION
The oil company must assume the responsibility for environmental protection and put environmental protection in an important position. When oil
fields are located in nature reserves, rivers and water
sources, oil production has entered the middle and
late stages. Various measures and various devices for
processing crude oil have caused certain pollution
[1-3]. Unreasonable waste of resources is the main
source of pollution caused by oil companies in the
course of mining and processing, and companies are
responsible for environmental protection. Sudden
pollution accidents are usually related to the diffusion of pollutants. If it cannot be controlled in a
timely and effective manner, the pollutants will diffuse into the soil through the surface medium and become groundwater pollution. The prediction and
simulation of the diffusion process of underground
pollutants can help decision-makers intuitively understand the dynamic process of accidents and provide decision-making assistance for emergency
treatment of pollution accidents [4-5]. In the early
days, researchers used traditional fluid dynamics
methods to study groundwater pollutant migration
models. For example, Dusek et al. checked the chromium diffusion model during the accident and simulated the process of soil profile. On the basis of traditional methods, scientists introduced finite element
methods from physics to discretize the continuous
infiltration process, which significantly accelerated
the speed and accuracy of computer simulation of the
infiltration process.
In recent years, many experts and scientists
have given numerical difference models based on the
basic idea of transforming continuous processes into
discrete processes, and some models have been combined with finite element methods (i.e., finite difference methods) to understand the groundwater pollution. The simulation of the pollutants in diffusion in
soil is a very complex process [6-8]. Although the
traditional methods mentioned above can better
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FIGURE 1
Schematic diagram of offshore oil recovery accident rescue.
explain the process of groundwater pollution and diffusion, these methods have many considerations,
complex models, a lot of calculations and a lot of
time. It is difficult to meet the requirements of realtime monitoring and early warning. In response to
the above problems, this paper designs and implements a simulation algorithm to predict the diffusion
of groundwater pollutants in aeration areas in sudden
oil pollution accidents. Cellular automation (CA)
models are used as pollutants in various spatial locations. At the core, the main feature of the algorithm
is to simplify the relatively weak links that affect the
diffusion of pollutants and reduce the complexity of
the model [9-10]. Therefore, in the event of an accident, an effective pollutant diffusion simulation
model can be quickly created to simulate the pollutant diffusion process and calculate in real time the
extent and extent of pollutants that spread to the
ground at different times.
At present, oil has been widely used in all aspects of life, has made outstanding contributions to
the development of modern society, and has an irreplaceable status at this stage. However, there is always the risk of oil leakage in the entire process from
extraction, transportation, storage, production to final use. With the expansion of research and exploitation, the risk basis of oil leakage also increases.
Figure 1 shows the rescue of offshore oil accidents. Therefore, this article conducts an in-depth

study of coastal areas, investigates annual water volume, meteorological characteristics, flow risks and
fixed risks, etc., and conducts oil pollution simulation in emergency situations, ships, vehicles, industrial companies, etc. In normal transportation and operations, assessing the contribution rate of oil contamination is necessary for industrial planning, waterway planning around wells, and oil spill contingency plans [11]. The current analysis of the characteristics of petroleum accidents, the analysis of petroleum risks, the simulation of petroleum, and the
assessment of the contribution of petroleum to water
hazards are all helpful to improve the response ability of petroleum accidents in waters and emergency
response areas and provide technical support.

MATERIALS AND METHODS
System simulation technology method. System simulation is also called computer simulation,
because modern simulation technology is developed
and researched under computer support. System simulation consists of basic components of system modeling, modeling and simulation experiment. The interaction between them is the basic function of the
control system. Their relationship can be described
in Figure 2.

FIGURE 2
Three, four elements and three basic activities of computer simulation.
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FIGURE 3
Contents and steps of system simulation.

FIGURE 4
Simulation flow chart.
When conducting simulation research due to
different research questions and simulation methods,
the simulation process can be changed as needed,
and there is no need to follow the process without
exception [3, 12]. First, we define the problems in
the actual environment, then collect the data associated with the actual environment, perform model
simulation, verify the model, program the operating
system, design the operating system experiment plan,
repeat the experiment and analysis, and perform statistical analysis and speculation on the operating data
results until it is suitable to determine the operation
process, the logical sequence of the process is shown
in Figure 3.
The virtual simulation distribution system will
provide deduction support for river management,
and the entire system will be integrated according to
the requirements of the display system. As a complete simulation display system, the structure of the
entire graph is shown in Figure 4.
The so-called oil swelling refers to the phenomenon that the oil film surface expands and the thickness becomes thinner after oil enters the environment under the influence of driving force (gravity
and surface tension) and resistance (inertial force
and viscous force). The spread of oil spills has increased the level of pollution, and the damage to the
external environment cannot be ignored. At the same
time, the surface area of the oil film increases, which
also speeds up the process of photooxidation, seawater dissolution and biological decomposition, and
shortens the overflow time and oil pollution time
[13]. Therefore, the oil spill diffusion model is an

important part of the oil spill numerical simulation.
Horizontal model data usually uses DEM data as the
basic format, so the actual model copy needs to convert the DEM data so that OpenGL can recognize it.
Digital elevation models usually include three structures: irregular triangles (TIN), standard grids
(GRID), and contour lines (VEC). OpenGL itself
cannot recognize these three forms. First, it is converted into a basic text format, and then it is basically
described using OpenGL, and then it is converted
into a graphics format that OpenGL can recognize.
Common conversion methods are: One is to convert
vector data into grayscale images. The boundary of
the model usually has a regular shape; the other is to
split the unmatched data into a grid and store it in the
database. The irregular grid constructed using this
method can adapt to irregular site boundaries.
The simulation system usually uses a simplified
method of layered details of the LOD grid to make
the ground flow. The purpose of this method is to
ensure faster wind speeds and meet the real-time
simulation requirements of landscape roaming,
while reducing system load. The basic idea is to use
a four-level grid to describe the same landscape.
Multiple models are set in the scene, and different
models represent different levels of detail [14-15].
When designing a model, the details will be used is
according to the observer’s line of sight. For example, when the observer observes the object from a
distance, the scene model will be converted to a
rougher model, and when the object is viewed from
a close distance, the scene will be converted to fine
model. According to the distance of perspective, this
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management method provides the viewer with a
macroeconomic and micro method. The LOD platform transformation technology is a realistic and
overwhelming technology that can be adjusted according to the angular distance between the stairs
and the division of the stairs to achieve the complexity of the entire model.

autumn, winter and spring, while accidents in rural
areas occurred in spring, summer, winter and autumn.
(3) The characteristics of period changes:
The period characteristics of land accidents are related to people's daily production and living rules.
The highest accident rate is 12 o'clock, and the lowest is 0-3. During the day, it is 9 o'clock to 12 o'clock,
so the traffic volume is large, and the possibility of
accidents is greater. The night is 0-3, which reduces
the rest time of the vehicle and is less likely to cause
an accident.

The law of oil contamination accidents. In order to understand the laws, characteristics and hazards of petroleum accidents, on the basis of statistical
analysis methods, data collection and statistical analysis of petroleum accidents at home and abroad have
been carried out. According to the location of the risk
source, it is divided into analysis of basin risk and
regional risk [16-17]. River basin risk factors mainly
determine the transportation in the water area. Regional risks are divided into mobile regional risks,
that is, traffic accidents and fixed risk sources within
the region, that is, oil accidents at gas stations, docks,
factories, etc.
According to the research of domestic and foreign petroleum accidents and petroleum accidents in
the water industry, the annual change, monthly
change, period change, cause analysis, accident
value analysis and oil accident analysis in recent
years are compared [18]:

(4) The cause of the accident: Through the
analysis of water accidents, we have sorted out oil
and petroleum contamination accidents. The accidents are mainly operational accidents. Ship collisions and shipwrecks are the main causes of accidents. From the analysis of land accidents, collisions
of oil tankers, explosions and rupture of oil pipelines
are the main causes of accidents.
(5) Sources of accidents: Oil tankers are the
main sources of oil accidents on water, while gas stations, tankers and oil pipelines are the main sources
of accidents in land area.
(6) Types of pollutants: heavy oil, crude oil,
and diesel oil are the most serious in water transport
accidents, and crude oil, gasoline, and diesel oil are
the most polluted in traffic accidents.
Figure 5 shows the global oil accident statistics
in different years.
According to the oil accident, the characteristics of the accident and its impact on the water source
are analyzed. The characteristics of the oil pollution
accident are as follows [19-21]:

(1) The characteristics of inter-year changes:
From a global and national perspective, the total
number of oil contamination accidents has decreased.
(2) Monthly change characteristics: According to the analysis of ship oil accidents, compared
with seasons, the number of household accidents in
spring is the largest, after autumn, the number of
household accidents in winter is less, and the number
of household accidents in summer is higher than that
in winter. There are no obvious oil spills every
month. According to the number of accidents, foreign accidents occurred in the country in summer,

FIGURE 5
The global oil accident statistics in different years.
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(1) Uncertain oil spill accident. Sudden oil
spills are difficult to predict and the symptoms are
uncertain, the time and location of the accident are
difficult to determine, and the types of pollutants are
complex. In this case, risk analysis is suitable for formulating emergency strategies.
(2) The long-term nature of oil may be difficult
to handle. Under normal conditions, it is difficult to
decompose the physical and chemical properties of
engine oil and sewage discharged into the water
tanks of ships and industrial companies every day,
causing lighter components to float on the water surface, thereby forming in the oil pan and heavier components oil film and heavier ingredients. For a long
time, if there is no timely response, the oil will flow
into the aquatic environment, or the residues in the
oil are rich in aquatic organisms and crop residues,
and enter the human body through the food chain,
thereby damaging human organs, leading to changes
in human cells, and long-term effects human health.
(3) The impact of oil accidents on water supply.
The risk of pollution accidents and the proximity of
water sources determine the intensity of oil pollution
accidents. Due to the distance between the accident
and the water body, oil accidents of the same intensity will have very different results. If the accident
occurs in a place far away from the water source,
please allow enough time to take action. The response will have almost no impact on the water
source㸪 If it is very close to the water source, it will
have very serious consequences, not only causing a
devastating impact on water quality, but also causing
panic.
4) Time series symptoms of sudden oil accidents. The risk of a sudden oil accident in a hydroelectric power generation area has a certain time sequence, including: 1. No accident occurred, ships
and vehicles are moving normally, and industrial
companies operate as usual. There is a risk of sudden
pollution accident. 2. There has been an accident recently, and the oil was concentrated in the place
where the accident occurred. It did not spread with
the accident and did not cause damage to the water
source. However, if emergency measures are not
taken in time, the risk of water pollution is greater. 3.
After the measures are taken, the pollution degree
have been fully determined, and corresponding
measures have been taken to control oil pollution.
The indirect and subsequent effects of the pollution
accident have not been determined, which may be
caused by pollution caused by salvage of sunken
ships.
(5) Emergency situations. The area within a
specific area around the water source site has high
requirements for waterway and land planning. Under
normal circumstances, sudden oil accidents will not
immediately cause direct damage to the water inlet,
and pollution will spread to the water source when
the accident occurs. When it is necessary to consume

groundwater, it is necessary to predict when the water source will be contaminated to determine whether
emergency measures are required.
TABLE 1
Statistics of pollutants types in large-scale oil
pollution accidents in China from 2008 to 2019
Contaminant type
Number
Diesel oil
117
Thermal oil
6
Asphalt
11
Gasoline
97
Light oil
9
Fuel oil
8
Solvent oil
6
Lubricating oil
12
Heavy oil
10
Liquefied petroleum gas
21
Oily sewage
10
Crude
39
Other
51
After an oil accident, the source of the pollution
and its distance from the source must first be determined. If an accident occurs on land such as a vehicle such as alcohol or an explosion of an oil storage
tank, the vehicle, factory, etc., water pollution must
be considered, and the damage needs to be dealt with
urgently to prevent an increase in leakage. In case of
leakage, the suspended ship must be released. In the
rescue process, oil contamination must be prevented,
and the response is complicated, and it must be coordinated by many departments. Table 1 shows the
pollutant types statistics of large-scale oil pollution
accidents in inland areas from 2008 to 2019.
The hazards of oil contamination accidents.
When an oil accident occurs, it will affect the water
quality and biosphere of the water tank and surrounding water, mainly the water quality and safety
of the water supply, the damage to the water ecosystem, the health hazard and the health impact [6, 22].
(1) Impact on water quality and water supply safety. The safety of the ecological environment
of the water tank and the safety of the water supply
system are essential to economic and social development. When the amount of oil spilled from the ship
approaches the water intake, it will affect the water
quality of the water intake and the surrounding environment in a short time, cause discomfort to the production and life of surrounding residents, and seriously affect the safety and stability of the community.
(2) Damage to aquatic organisms. Oil contamination will affect the health of fish and other
aquatic organisms for a long time, and a large
amount of oil contamination will directly harm the
aquatic environment. After oil contamination enters
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the aquifer, they mainly cause damage to aquatic organisms through the following three factors: 1. The
oil film floats on the water surface, and the dissolved
oxygen in the water is oxidized and consumed, resulting in a large number of aquatic organisms, fish
and shrimp suffocating to death. 2. Biological contact with petroleum contamination in the water or direct inhalation of toxic substances causing toxic
death. 3. After a major sudden petroleum contamination accident, some petroleum contaminants will accumulate in the sediment, and accidents may occur
during the cleaning process, resulting in secondary
pollution of the leaked material.

RESULTS
Virtual simulation of oil pollution accident
spread. In the early stages of an oil spill, under the
joint control of gravity, viscous force, and surface
tension, the oil experienced a spreading motion. This
process takes a very short time, about 10 hours. Initially, the thickness of the oil gradually decreases under the influence of gravity, and oil pollution forms
a mirror film on the water surface. If the surface tension is greater than gravity, the diffusion stops. Marine oil spills mainly include continuous oil pollution
at moving points, continuous single point oil pollution and instant oil pollution [11, 16]. In the first case,
if the ship keeps leaking oil, the oil film will form
narrow streaks. If the hull hits a rock and breaks, the
oil will leak out in a short time. In this process, the
area of the oil film will increase under the action of
the above force, and will spread in a circular or elliptical shape when there is no external driving force
field like wind, and the diffusion rate will gradually
change from fast to slow until it stops. If the oil
pumping unit continues to leak oil, as the oil continues to leak, the area of the oil film will continue to
increase, and the diffusion state of oil with different
properties will be different. When the ambient temperature is lower than its pour point temperature, oil
with a higher viscosity is unlikely to spread and will
condense into lumps or oil remaining on water.
The real-time marine oil pollution dynamic virtual simulation module includes two parts: oil slick,
drift and advanced oil pollution dynamic virtual simulation, real-time drawing of oil pollution fence and
the realization of collision detection. Based on the
above-mentioned discrete motion algorithm, the former uses key particle system technology and GPU
technology to process mixed special effects to realize the dynamic real-time reproduction of marine oil
spills. The latter comprehensively analyzes and compares the characteristics of particle collision detection, compares and analyzes the existing open source
collision detection libraries, and realizes the interactive fence control function. Among them, the relevant functions of the oil spill emergency plan drill
are checked, improving the practicality and interactivity of virtual offshore operations.
The "oil particle" model is a representation
method used to discretize the oil film into a large
number of particles, which is actually a particle system technology. Particle system is a common technique used to simulate some blur phenomena in 3D
computer graphics. The Johansen model "oil particles" is based on this method. The key to realize oil
pollution simulation based on the "oil particle"
model lies in the design of the object class and the
processing of GPU special effects.
The core technology of the fence emergency response function is the real-time collision detection
between a large number of oil particles and the fence.
In this article, the open source ColDet library is used

(3) The influence of oil on soil. Due to frequent loading and unloading of oil at riverside gas
stations and wharves, part of the oil in the pebbles
was closed, and the soil holes were closed, affecting
soil permeability and soil erosion, soil ecosystem,
soil ratio and carbon/nitrogen ratio.
(4) Harm to human health. Because the physical and chemical properties of petroleum are difficult to decompose, petroleum residues will be concentrated in aquatic organisms or cultures, and enter
the human body through the food chain, thereby
damaging human organs and causing human cancer
cells to affect human health for a long time [25]. The
volatile components in the oil flow into the air and
undergo oxidation reactions under ultraviolet radiation to produce toxic gases, which affect human
health through the human respiratory tract. Oil contamination has long-term potential dangers and severely affects human organs and nervous system.
TABLE 2
Statistics on the causes of large-scale oil
contamination accidents in China from 2008 to
2019
Contaminant type
Number
Explosion fire
126
Collision rollover
210
Damaged vehicle parts
26
Oil pipeline rupture
28
Leaking oil storage tank
8
Other
34
In addition to the above-mentioned toxic hazards, oil may also cause explosions and fires. It can
be seen that pollution from ships has a significant
impact on human health, the ecological environment
and public safety. Table 2 shows the statistics of the
causes of large-scale oil contamination accidents in
the inland areas from 2008 to 2019.
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to realize the collision detection between the particle
field and the fence body. ColDet is an open source
library for detecting 3D graphics collisions. The
main principle of the operation: first we create a geometric object that needs to be inspected in the form
of a triangular area, then construct a bounding box at
the AABB level, and finally use the method of rotating the bounding box to perform an intersection test.
ColDet surrounds each triangular field with a bounding box, which greatly reduces the number of intersecting triangular field pairs that must be tested. At
the same time, it supports timeout settings, which
can better limit the time of conflict detection and improve the efficiency of conflict detection. ColDet
can identify the triangle patch pair and the collision
point where the collision occurs, and provide accurate collision information to achieve the response after the collision. It can be seen that ColDet has a
short calculation period, high response efficiency
and calculation accuracy, which means that it can
better meet the requirements of real-time collision
detection between a large number of oil particles and
the fence. The implementation of ColDet in the collision of oil particles and fence can be divided into
the following steps:
Two geometric objects for collision checking
are constructed:
(1) Including the construction of fences and oil
particles. Take the geometric object construction of
a manually drawn fence as an example. First, record
the three-dimensional coordinates (p1, p2...) of the

C1

center of each cylinder bottom surface of the manually drawn fence, and then calculate the various component triangles that make up the cylindrical surface
according to the triangulation algorithm, and save it
as a fence geometry object. Each "oil particle" is represented by a square composed of two triangles, and
every oil particle that exists near the water surface is
added to the geometric object.
(2) Use the library functions provided by
ColDet to determine whether a collision occurs.
(3) Reaction after collision. This article assumes that if particles collide with the fence, the particles will slide sideways along the fence. When particles collide with particles and the particle thickness
reaches a certain amount, the particles will accumulate in the fence and reverse the external force field.
As shown in Figure 6, the particles moved from C1
to C2 after the collision, and side-slipped in the V2
direction. When particles collide at C3, particle accumulation occurs. Experiments show that the
ColDet collision detection library can be used for
collision detection of oil particles and fences, with
high reaction efficiency and high detection accuracy
[23].
Result analysis. Due to the discharge of pollutants from upstream water bodies, the flow of ship
water sources and fixed risk sources does not occur
alternately, but at the same time. Therefore, the contribution made is more realistic. According to the

C2

V1

C3

V3

FIGURE 6
Schematic diagram of collision reaction.
TABLE 3
Contribution of pollution sources to the concentration of oil contaminants in the reservoir
Concentration of petroleum pollutants in intakes of water
Type
sources᧤mg/L)
Upstream contribution
Flow source contribution
Fixed source contribution
Overlay

0.00440
0.00060
0.00018
0.00510
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0.00890
0.00056
0.00017
0.00095

0.01710
0.00052
0.00015
0.01790
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calculation results, the oil concentration at the reservoir inlet is 0.0051mg/l at low flow, the oil concentration at the reservoir inlet is 0.0095mg/l at normal
flow, and the oil concentration at the reservoir inlet
is 0179 mg/l, as shown in Table 3.
It can be seen from Table 3 that under different
drainage systems, the contribution of petroleum pollutants from mobile sources is about 3.3 times that
of stationary sources, which indicates that the impact
of mobile sources on river water on non-water pollution is greater than that of stationary sources. And
with the increase of certain lateral drainage, the contribution rate of oil to the upstream of the water also
increases, but the contribution of flow and fixed
sources decreases with the increase of discharge
flow.
After the emergency response operation is
completed, a summary of the overall effectiveness of
incident management should be summarized and
stored in a timely manner. This includes investigating the cause of the accident from time to time, reminding similar departments to do research work,
sorting out and assessing casualties and preparing for
disaster recovery, issuing emergency consumables
and replacing dangerous goods, and integrating
emergency handling and emergency situations at all
levels to provide assistance in case of emergency.

marks the beginning of a new understanding of objective things by humans. People must rediscover the
value of nature and the meaning of its existence. It
no longer evaluates the value and benefits of various
things based on human needs, but the needs of the
entire natural ecological environment. This also requires people to make changes in ideology and ethics,
so that all of our large and medium-sized companies
will take historical responsibility for our better survival in this world, starting from ourselves and laying a solid foundation for environmental protection.
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ABSTRACT

INTRODUCTION

The aim of the present study was the comparative analysis of accuracy, precision, and quality control in age determination for Leuciscus vorax
(Heckel, 1843) using different calcified structures:
dorsal fin, operculum, otoliths, scales, and vertebrae.
Specimens were collected monthly from the Karakaya Dam Lake, Malatya, Turkey using gillnets from
September 2016 through March 2017. A total of 46
female fish (ranged 38.7–69.5 cm of total length) and
27 male fish (ranged 41.1–58.8 cm of total length)
were measured collecting the calcified structures
considered. The standard procedures for recovering,
preparing, and reading of the aforementioned calcified structures for the age determination were followed. The precision of readers and structures were
estimated, and the ageing error was determined by
coefficient of variation (CV, %), average percentage
error (APE, %), and percentage of agreement (PA,
%). The highest PA (63.0%) with lowest APE
(3.3%) and CV (4.7%) were recorded for vertebrae,
while the lowest PA (32.9%) and highest APE
(8.1%) and CV (11.4%) were determined for dorsal
fins. Age estimates of vertebrae were compared with
other ageing structures; the highest PA (31.5%) and
lowest APE (3.6%) and CV (5.0%) were found between operculum and vertebrae. It was observed that
the otolith of L. vorax was covered by a dark opaque,
reducing the clarity of growth lines under the microscopic. Hence, the age determination of L. vorax
from its otolith might not provide a reliable age estimate. In sum, vertebrae was the most reliable structure for the age estimate of L. vorax followed by
operculum, scale and dorsal fin.

Accurate and precise age estimations of fish are
essential to study their population dynamics and demography applying age-based stock assessment [1,
2]. Also, such data, together with growth is a prerequisite for understanding different vital traits of fish
such as ages at recruitment and sexual maturity, migrations, spawning periods, mortality, etc. [3, 2].
Consequently, the age structure of a fish stock can be
an indicator of its general health since a well-balanced age structure signaling a healthier stock [4, 2].
Several calcified structures such as fin rays,
operculum, otoliths, scales, and vertebrae have been
used to estimate the age of a fish [5, 6, 1, 7]. Age
estimates generally involve the counting of the annulus (or daily) formation on a calcified structure of
fish [6]. However, a significant challenge in ageing
estimation is the selection of a reliable calcified
structure for ageing [8]. Since the selection of a reliable structure for aging of fish might different from
species to species. Hence, different calcified structures could be used in conjunction to accomplish the
accuracy–precision requirements in age determination [7].
Leuciscus vorax (syn. Aspius vorax Heckel,
1843) is cyprinid fish widely distributed in Tigris
and Euphrates drainage from Anatolia south to Shatt
al Arab and lower parts of Iranian tributaries [9, 10,
11]. It is an economically important cyprinid fish
which has been harvested commercially by local
fisherman [12, 11]. It has been examined for the levels of various metals, viz., Fe, Zn, Cu, Cd, Co, Cr,
Pb, As, Hg and Ni and was found to be safe for human consumption [13]. Furthermore, age, growth,
reproductive biology and mortality aspects of L.
vorax have been well documented by several authors
[12, 14, 15, 16, 17]. Whereas no study is available in
the literature on the determination of most reliable
bony structure for accurate and precise age estimations of L. vorax. Though in previous studies, the
ageing of this species has been done from scales [12,
14, 15] and vertebrae [16]. However, accurately estimating the age of a species is prerequisite for adequate rational fishery management.

KEYWORDS:
Age determination, Aspius vorax, Dorsal fin, Operculum,
Scales, Vertebrae
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The main objective of the present study was the
comparative analysis of accuracy, precision, and
quality control in age determination for L. vorax using different calcified structures: dorsal fin, operculum, otoliths, scales, and vertebrae.

them in faucet water and focusing on among the fingertips in order to scales becoming more clear and
smooth (in the state of bigger scales), inundated in
96% alcohol for around 5–10 min, at that point
rinsed in faucet water and then dried in air. Smallsized scales were prepared between two glass slides
and concentrated with the assistance of a microscope.

MATERIALS AND METHODS

Vertebrae. Readiness and perusing methods
for vertebrae by taken out the (fourth to tenth) parts
of vertebrae and set in boiling water for 30 minutes,
and afterward, a bristled brush was utilized to expel
unnecessary muscle. To clear the connected muscles.
And then dried at room temperature for 2-3 days to
check yearly rings after that put in glycerine and analyzed under the magnifying lens over a dark foundation utilizing reflected light to enlighten annuli to
dismember magnifying instrument [21, 22, 19].
All bones structures were dropped in alcohol,
and a portion of the structures during worked they
had so greasy around of them and afterward dropped
into 3-4 % solution of Sodium hydroxide. To
evacuate the extra appended greasy.

Sampling activities. Individuals of L. vorax
were collected in the southeast of Anatolia, Turkey
(Figure 1). Sampling were carried out monthly from
September 2016 through March 2019 using gillnets
of different mesh sizes (40, 45, 50, 55, 60, 65, 75, 90,
110, and 120 mm). Sampled L. vorax were transported to the laboratory for analysis.
Laboratory analysis. The total length of individual fish was measured to the nearest 0.1 cm and
weighed to the nearest 0.1 g. The dorsal fin, operculum, otoliths, scales, and vertebrae from each species
was isolated to prepare for the ageing using the following methodology:
Dorsal spin. Readiness and perusing strategies
for dorsal spin (hereinafter referred dorsal fin), the
third spine of the dorsal fin was dissected out and
cleaned by use of boiling water. Then, the spine was
submerged on 96% ethanol before dried in the air. A
0.35-0.60 mm thick slice was cut from the base of
the spine and dried at 103°C for 15 minutes and read
by use of a dissecting microscope [18, 19].

Calculations and statistical analyses. Age
evaluation was compared by the percent agreement
(PA, %), coefficient of variation (CV, %), and
average percent error (APE, %) between the readers,
and pairs of aging structures. They were determined
using following mathematical formulae:
ܲ= ܣ

Opercular. Bone planning and perusing procedures the opercular confined with the assist of a surgical blade and inundated in boiling water for some
moments to dispose of superfluous tissue. A bristled
brush was utilized to eliminate tissue that boiling water did not get rid of it. Cleaned opercular bones dried
at room temperature and set under transmitted glaring light with the naked eye [20, 19]

ே. ௗ

= ܧܲܣ

ே. ௗ
ଵ
ோ

σோୀଵ

× 100
ቚ௫ೕషೣ ቚ
ೕ

௫ೕ

ඨσೃ

CV

୨

= 100 ×

సభ

(1)
× 100

(ೕ షೕ )మ
ೃషభ

௫ೕ

(2)

(3)

In equation 2, ݔ is the ݅ ௧ age determination of
the ݅ fish, ݔ the average age computing for the݅ ௧
fish and R the number of times for every fish was
aged. Also, x the coefficient of variation [23]. While
in equation 3, CVj is the age exactness gauge for the
i^th fish.
Mean age readings (accord information)
achieve from different hard parts were exposed to
single direction examination of the coefficient of
variety. With the goal that can clarify the readings
from the different hard structure of the fish indicated
noteworthy contrasts between themselves. However,
meaning the age assessment is not a pointer for the
reliability of ageing structure, it might give helpful
data with observing to over or underestimation of
age by a structure independent of fish size-class [1].
This is might exhibit a favourable position in picking
the structures which may give verifiable measurably
variety readings when size-class is not computing.
௧

Otolith. The other bones used for ageing fish
are the otolith (sagittae). These are found in the head
of the fish. These are small calcareous particles
found in sacs filled with fluid in the middle ear of the
fish). In L. vorax otolith rinsed, cleaned, and read all
of them and inundation in alcohol L. vorax, otoliths
were washed by putting 50 % glycerol. Furthermore,
studying under a magnifying instrument by applying
reflected light [6].
Scale. Scales in each fish we chose around
twenty scales from the left side to the right side were
expelled from above of the lateral line. At midpoint,
close to the area of the pectoral fin [12]. Scales
washed, cleaned, and examined as dry mounts, then
eliminate of the unessential issue and greasy by rinse
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FIGURE 1
The sampling area, Karakaya Dam Lake (Malatya-Turkey)

TABLE 1
Summary statistics for the coefficient of variation (CV, %), average percentage error (APE, %), and
percentage of agreement (PA, %) to determine the precision of age readings of cyprinid fish Leuciscus
vorax (Heckel, 1843) from Karakaya Dam Lake, Turkey in 2015.
Structure
Dorsal fins

Readers
Reader1 vs Reader2

n
73

R
2

CV
11.41

APE
8.07

PA
32.88

Operculum

Reader1 vs Reader2

73

2

5.93

4.19

50.68

Vertebrae

Reader1 vs Reader2

73

2

4.72

3.34

63.01

Scale

Reader1 vs Reader2

73

2

6.79

4.80

41.10

n = sample size and R = number of readings

vorax from their dorsal fin, operculum, otoliths,
scales, and vertebrae (Figure 2). Age estimation
from these structures exhibited considerable
variation. Of all ageing structures, vertebrae were the
most reliable structure for the ageing of L. vorax
based on PA, APE, and CV values retrieved from the
comparison of age readings of two readers (Table 1).
The highest PA (63.0%) with lowest APE (3.3%)
and CV (4.7%) were recorded for vertebrae, while
the lowest PA (32.9%) and highest APE (8.1%) and
CV (11.4%) were determined for dorsal fins. The estimated aged from vertebrae ranged from 4 to 7 years
for the males with total lengths of 41 to 58.8 cm,
while 5 to 8 years for the females with total lengths
39 to 70 cm. The von Bertalanffy growth model indicated that female L. vorax tends to grow faster than
males (Figure 3).

Statistical analysis. The principal component
analysis (PCA) was used to highlight the correlation
(based on Pearson linear correlation matrix) between
the age estimations retrieved from different calcified
structures. The results of the PCA (only components
1 and 2) are provided as vector map. All statistical
analyses were carried out in R v3.4.4 using the
packages “FSA” (for PA, APE, CV, and von
Bertalanffy growth), and “FactoMineR” and
“factoextra” (for PCA).

RESULTS
A total of 46 female (ranged 38.7–69.5 cm of
total length) and 27 male (ranged 41.1–58.8 cm of
total length) were analyzed to elucidate the age of L.
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FIGURE 2
The calcified structures of different aged cyprinid fish Leuciscus vorax (Heckel, 1843) caught in the
Karakaya Dam Lake, Turkey

TABLE 2
Average percentage error (APE, %), coefficient of variation (CV, %), and percentage of agreement (PA,
%) to determine the precision of structures used for age estimation of cyprinid fish Leuciscus vorax
(Heckel, 1843) from Karakaya Dam Lake, Turkey in 2015.
Structures
Dorsal fins vs Vertebrae
Dorsal fins vs Operculum
Dorsal fins vs Scale
Scale vs Operculum
Vertebrae vs Operculum
Vertebrae vs Scale

n
73
73
73
73
73
73

553

R
2
2
2
2
2
2

CV
12.01
15.51
16.34
4.20
5.04
6.55

APE
8.50
10.97
11.55
2.97
3.56
4.63

PA
6.85
5.48
4.11
32.88
31.51
26.03

© by PSP

Volume 30– No. 01/2021 pages 550-559

Fresenius Environmental Bulletin

When ageing estimated from the vertebrae was
compared with other ageing structures, the highest
PA (31.5%) and lowest APE (3.6%) and CV (5.0%)
were found between operculum and vertebrae (Table
2). Furthermore, the age estimates from operculum
were highly correlated with the age estimates of vertebrae with a Pearson correlation coefficient of 0.72
(p < 0.05). Based on PCA, the age estimation from
scale were comparatively higher than other structures (Figure 4).
For each structure, there is a general trend towards higher estimates on the second reading at the
younger ages for the first readings. Though many of
these are not significant (Figure 5a, b). The age estimations from the dorsal fins provided a higher estimation of ages on the second reading when the first
reading was age 4 and 5. While operculum and vertebrae exhibited a slightly higher estimation of ages
on the second reading when the first reading was age
6. The scales revealed a higher estimation of age on
the second reading when the first reading was 6 and
a slightly lower estimation of age on the second reading when the first reading was 7 (Figure 5a, b).

reading complexity of ageing structures. However,
the results of this study evinced that ageing of L.
vorax from their scales would result in biased estimation providing overestimation of a specimen (Figure 5).

DISCUSSION
The intra-reader precision of age estimates for
L. vorax was highest for vertebrae than other alternative calcified structures. The vertebrae of L. vorax
had a broad concentric opaque zone accompanied by
translucent zones around the nucleus (Figure 2c).
Hence the annuli were clear to count, and thereby
age estimation of L. vorax from their vertebrae was
relatively convenient than with other alternative
structures. In contrast, the otolith of L. vorax was
covered by a dark opaque, reducing the clarity of
growth lines under the microscopic; as a result, the
opaque rings on otolith cannot be distinguished
clearly (Figure 2b). The covering of otolith by a dark
opaque has been observed in several other fish species such as black rockfish Sebastes cheni, sand
lance Ammodytes japonicus, and Japanese flounder
Paralichthys olivaceus [24].
Generally, age estimation from vertebrae has
been preferred for short-lived and fast-growing species [25]. Though it is also well-defined in long-lived
fish up to 9 - 10 years age estimates [26], which is
line with findings of the present study for L. vorax.
Vertebrae are used as a reliable approach to ageing
several fish species belonging to elasmobranchs [27,
28, 29] and teleost [30, 31, 16]. Furthermore, this
calcified structure has been used as a check against
other ageing structure [25].
Several studies on age and growth utilized
scales for the age estimation of L. vorax [32, 33, 34].
Though the estimated APE (4.8%) for scale was in
line with the traditionally accepted level of 5.5% [6].
Furthermore, several authors argued that APE of
5.5% should be considered as a threshold in case of

FIGURE 3
Length-at-age for cyprinid fish Leuciscus vorax
from Karakaya Dam Lake, Turkey; where L is
total length and t is age.
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FIGURE 4
A principal component analysis of the relationship between different calcified structures used for ageing
of cyprinid fish Leuciscus vorax from Karakaya Dam Lake, Turkey.

The estimated aged from vertebrae ranged from
4 to 7 years for the males while 5 to 8 years for the
females. These results are in line with the findings of
Shafi and Jasim [12] and Duman and Gül [16].
Whereas Oymak et al. [14] reported specimens up to
9 years old from Atatürk Reservoir. On the other
hand, Al-Saleh et al. [15] reported L. vorax with a
maximum recorded age of 4 years old from Middle
Reaches of the Euphrates River, Syria, which might
be due to sampling method and fishing pressure on
L. vorax. In this study, the total length of L. vorax
was ranged between 41 cm to 58.8 cm for males, and
39 cm to 70 cm for the females, which is relatively
consistent with the results reported by [16]. In contrast to the lower age of L. vorax from the Middle
Reaches of the Euphrates River, the authors reported
their total lengths ranging between 19 cm and 70 cm.
According to Duman and Gül [16], these changes

might be due to the ecosystem differences between
the Euphrates River and Turkish freshwater.

CONCLUSIONS
Of all ageing structures, the most reliable structure for the ageing of L. vorax based on PA, APE,
and CV values was found vertebrae. The operculum
can be utilized as a check against vertebrae for the
ageing of L. vorax. The APE estimated for the dorsal
fin did not achieve the traditionally accepted level
(5.5%) considered as a threshold by a number of laboratories [6].
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FIGURE 5a
Age bias graphs for cyprinid fish Leuciscus vorax (Heckel, 1843)
from Karakaya Dam Lake, Turkey in 2015
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FIGURE 5b
Age-bias plots for two readers of different calcified structures of cyprinid fish Leuciscus vorax (Heckel,
1843) from Karakaya Dam Lake, Turkey in 2015.
Plots illustrate reference reader’s age estimates on the x-axis; the mean difference (circles) and distribution of the differences
between corresponding ages (vertical lines) are represented on the y-axis. Open circles represent a significant deviation from
the line of equivalency (i.e., the dashed line in each panel). The histogram on the top of the graph illustrates the sample size
at each reference age.
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Paleogene Oligocene clastic reservoirs, and Cretaceous clastic reservoirs. At the same time, the PreCretaceous is also a potential exploration target.

ABSTRACT
The Hetao Basin is located in the Hetao area of
western Inner Mongolia, China. In recent years, with
the gradual intensification of seismic network and
the continuous improvement of seismic data quality,
the understanding of the sedimentary and tectonic
evolution characteristics of the Hetao Basin has been
deepened. However, the influence of these factors on
the law of hydrocarbon accumulation has not been
studied in depth. In this paper, based on the latest
two-dimensional seismic data and well-drilled analysis in the Linhe Depression, we have systematically
conducted research on the characteristics of faults,
unconformities, structural evolution and reservoir
control in the study area. The results show that there
are four different levels of unconformity developed
from bottom to top in the Linhe Depression, which
are the unconformity at the top of the Precambrian,
the unconformity at the top of the Carboniferous Permian, the unconformity at the top of the Lisangou
Formation, and the unconformity surface in the top
area of the Cretaceous. The faults in this area are
very developed, and they are mainly northeast and
northeast trends. The types of faults include normal
faults, reverse faults, reversal faults and strike-slip
faults. The Hetao Basin as a whole has a north-faultsouth-super structure. According to the basement
ups and downs and regional structural morphology,
fault system, local structural development and arrangement direction, a structural pattern of "two uplifts, two depressions and one slope" is formed. The
analysis of tectonic evolution shows that the Hetao
Basin was in an uplifted state in the Paleozoic, and
under the action of the north-south compression
force, a nearly east-west tectonic belt was formed. In
the Mesozoic era, under the control of the Hetao arc
structure system, the Hetao graben system experienced four stages of Indosinian uplift, Yanshanian
shear compression depression, Himalayan shear extensional fault depression, and gravity subsidence.
The Jilantai-Hangjinhouqi area has three major exploration directions: bedrock fractured reservoirs,

KEYWORDS:
Hetao Basin, Depression-fault basin, Two-dimensional
seismic, Tectonic evolution, Reservoir control

INTRODUCTION
The Hetao Basin is located in the Hetao region
of western Inner Mongolia, China. It is a Mesozoic
and Cenozoic arc-shaped depression-fault basin. The
Linhe Depression is the largest structural unit in the
Hetao Basin, with an area of about 20,000 km2. The
exploration work in this area began in the 1980s. Due
to the complex geological conditions, no breakthrough has been achieved in the early stage [1-3].
Since 2015, based on the discovery of oil traces in
bedrock fractures in boreholes such as ZK500 in the
northern Jilantai of the Hetao Basin, a new round of
exploration has been launched for the Linhe Depression. In recent years, Well JH2X in the fault downpan of Jixi Uplift in Linhe Depression and Well S5
in Hangnan Fault Uplift have successively obtained
high-yield industrial oil flows, demonstrating the
good oil and gas exploration potential of Linhe Depression [4-5].
The formation of the Hetao Basin is related to
the Mesozoic push to the northwest of the Ordos
block and the southeast migration of the Tertiary.
The basin has experienced the Triassic-Jurassic uplifting stage, the Cretaceous Gong-tensioning faulting stage, the Tertiary extensional faulting stage and
the Quaternary sinking stage [6-8]. The Hetao arcshaped graben system is a Cenozoic rift basin. The
Mesozoic in this area was controlled by the nearly
north-south left-lateral shearing and blasting, and the
Cenozoic was controlled by the north-south right-lateral shearing. There are four stages of Yanshanian
shear compression depression, Himalayan shear extension fault depression and gravity subsidence [910]. The tectonic evolution of the Hetao Basin has
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the characteristics of early compression and late
strike-slip pull apart.
In recent years, with the gradual intensification
of seismic network and the continuous improvement
of seismic data quality, the understanding of the sedimentary and tectonic evolution characteristics of the
Hetao Basin has been deepened [11]. However, the
influence of these factors on the law of hydrocarbon
accumulation has not been studied in depth. Based
on the latest two-dimensional seismic data in the
Linhe Depression, combined with the well-drilling
analysis, this paper has carried out a systematic study
of the characteristics of faults, unconformities and
structural evolution in the study area. The study
deepens the understanding of the structural evolution
of the area and the control of oil and gas accumulation, and provides ideas and guidance for the next
step of oil and gas exploration.

experienced multiple periods of tectonic movement
since the Paleozoic.
Unconformity in the top area of Precambrian. Strong reflection, truncated unconformity
contact, the overlying strata are mainly Cretaceous
strata, partially Carboniferous-Permian strata, lacking Cambrian-Devonian strata and Triassic Jurassic
strata. It is the largest unconformity in the area.
Unconformity in the top area of the Carboniferous Permian. Strong wave trough reflection
characteristics, truncated unconformity contact, residual Carboniferous-Permian strata are mainly distributed in southern Jilantai, and the overlying strata
are Cretaceous Lisangou Formation strata, lacking
Triassic and Jurassic strata.
Local unconformity at the top of Lisangou
Formation. Strong trough reflection characteristics,
the remaining Lisangou Formation strata developed
in the southern part of Jilantai. The overlying strata
are the Gu 2 and Gu 3 members of the Guyang Formation, which are unconformities with the upper
over and lower cuts of the Gu 3 member. The contact
is parallel and unconformity contact with the second
section of the Gu-2 section.

MATERIALS AND METHODS
The tectonic location of the Hetao Basin is the
intersection of the Alxa block, the North China Craton, and the Tianshan Xingmeng fold belt, including
the Linhe Depression, Huhe Depression, Wuqian
Depression, Baotou Uplift, and Wulashan Uplift
"three depressions and two uplifts". The basin is 600
km long from east to west, 30-90 km wide from north
to south, and covers an area of about 40,000 square
kilometers.
Drilling in this area revealed that the basement
of the basin is precambrian metamorphic rock, and
the sedimentary strata are mainly Cretaceous, Paleogene Eocene, Oligocene, Neogene Miocene, Pliocene and Quaternary [12-14]. The pre-Cretaceous
system developed locally in the southwestern part of
Thailand, presumably the Carboniferous, and the total thickness of sedimentary rocks reached 16 000 m.
Based on the latest two-dimensional seismic data in
the Linhe Depression and combined with existing
drilling data, this paper has carried out a systematic
study of the characteristics of faults, unconformities
and structural evolution in the study area. In addition, the influence of regional sedimentary and structural features on oil and gas accumulation is analyzed in detail [15-16]. This research can provide
scientific guidance for oil and gas exploration and
development in this area.

Unconformity in the top area of Cretaceous.
Moderately strong reflection, parallel unconformity
contact, drilling reveals that the Linhe Depression is
missing the Cretaceous Bikeqi Formation as a whole.
The faults in this area are very developed, and
they are mainly north-east and north-east-trending.
There are mainly four types of faults: normal faults,
reverse faults, reversal faults and strike-slip faults,
reflecting the complex characteristics of tectonic
stress in this area.
Reverse fault. There are few reverse faults that
can be identified on the seismic profile, which are
mainly developed in the Carboniferous Permian and
Cretaceous strata in southern Jilantai. The section is
steeper and the fault distance is small. It is broken
down to below the pre-Carboniferous strata, and up
to the inside of the Cretaceous Lisangou Formation
and Guyang Formation, reflecting the weaker regional compressive stress of the Linhe Depression in
the early Cretaceous (Figure 1).
Normal fault. The normal fault is the main
type of fault in the Linhe Depression. It is widely developed in the whole area, and it faults up to the shallow layer on the section and down to the basement
(Figure 2). According to the geometric and kinematic characteristics of the fault, the normal faults in
the Linhe Depression can be divided into three types:
slab normal fault, shovel normal fault and flat normal fault. Among them, the basin-controlling faultLangshan fault is a shovel-type normal fault

RESULTS
Unconformity and fault type. Unconformity
is an important geological record in the process of
structural development and an important basis for
determining structural changes. Based on the analysis of drilling and seismic data, the Linhe Depression
developed four different levels of unconformity from
bottom to top, reflecting that the Linhe Depression
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FIGURE 1
Seismic profile of line 177435 in Jilantai-Hangjinhouqi area.

FIGURE 2
Seismic profile of line 107293 in Jilantai-Hangjinhouqi area.

FIGURE 3
Seismic interpretation profile of 177473 survey line in Jilantai area.
involving the basement of metamorphic rocks of the
Precambrian, which controls the structural morphology of the half graben in the Linhe Depression. According to the type of fault combination, the Linhe
Depression can be divided into conjugate, Y-shaped,
stepped, cabbage and other combination types. From
the southwest to the northeast, the extensional fault
pattern in the Linhe Depression has segmental characteristics [17]. The inverted stepped normal fault
system in the south forms a domino half graben
structure. The central conjugate and cabbage-shaped
normal fault system forms a graben-horst combination and a centripetal graben structure. The conjugate
normal fault system in the north forms a graben-horst
combination.

Reversal fault. Few reversal faults can be observed on the seismic profile, which are mainly manifested as a negative reversal feature of upside-down
inversion. It faults downward to the Cretaceous and
below strata, and upward faults to shallow layers.
The inverse positive transformation is located in the
upper part of the Cretaceous, revealing the regional
tectonic inversion of the Cretaceous and reflecting
the transformation from a compressive stress environment to a tensile stress environment in the Cretaceous [18-19].
Strike-slip fault. Based on the geometric and
kinematic characteristics of strike-slip faults, two
north-east strike-slip faults were identified in the
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Jilantai area, with extension lengths of 102 km and
37 km, and fault distances of 100-600 m (Figure 3).
Its overall development characteristics are as
follows: ᬅ The main fault surface is broken from
the base to the shallow layer or the surface; ᬆ The
faults are characterized by high-steep upright faults
or semi-flower-like structures in different directions.
The No. 1 strike-slip fault is characterized by positive and negative flowers from north to south, and
the No. 2 strike-slip fault is from north to south, followed by negative flower-like and upright features;
ᬇ The thickness of the two layers of the fault varies
greatly; ᬈ The waveform characteristics of the two
disks of the fault are quite different. For example, the
northern part of the No. 2 fault has a layered weak
reflection and a continuous strong reflection but the
corresponding stratum cannot be found in the vertical direction, which reflects the sudden loss of a certain plane of the fault.

to the structural style of strike-slip faults, two northeast strike-slip faults are identified in the Jilantai
area. The overall development characteristics are as
follows: ᬅ The main profile is faulted from the base
to the shallow layer or the surface; ᬆ In different
directions of the fault, it is characterized by high and
steep upright, negative flower-like structure and positive flower-like structure; ᬇ The thickness of the
two walls of the fault is very different; in the study
area, the thickness of the footwall of the strike-slip
fault is much larger than that of the fault; ᬈ The
waveform characteristics of the two discs of the fault
are quite different.
Structural pattern division. The Hetao Basin
is a Mesozoic-Cenozoic faulted basin in the northwestern part of the North China Platform. The overall structure is characterized by northern fault and
southern overpass. The Jilantai-Hangjinhouqi area is
located in the middle and western part of the Hetao
Basin, partly in contact with faults, and separated
from the Bayanhot Basin by the Chahar uplift (Figure 5).
The Jilantai-Hangjinhouqi area in the Hetao
Basin is mainly controlled by the Yanshan Movement and the Himalayan Movement. According to
the basement ups and downs and the structural morphology of the stratigraphic region, the fault system,
the degree of local structural development and the
arrangement direction, a structural pattern of "two
uplifts, two depressions and one slope" is formed. It
is divided into five sub-level structural units. The
five sub-level structural units are the Hangbei deep
depression area, Hangnan faulted uplift area, Jixi uplift area, Jizhong shallow depression area and Jidong
slope area [21-23].

Fault pattern. Faults in the study area are relatively well-developed, and their strikes are mainly
northeast or northeast east. Two types of faults, extension and strike-slip, can be identified on the seismic profile.
Stretch fault pattern. The extensional fault
pattern is the main fault pattern in the Linhe Depression, which is widely developed throughout the area.
On the profile, it faults upward to the shallow layer
and downward to the basement [20]. According to
the geometric and kinematic characteristics of normal faults, the normal faults in the Linhe Depression
can be divided into three types: slab normal faults,
shovel normal faults and flat normal faults (Figure
4).
Strike-slip fault pattern. There are few identifiable strike-slip faults in the work area. According

FIGURE 4
Seismic profile of DKB2018-2056 survey line.
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FIGURE 5
Seismic profile of hbdpm-01 survey line.

Tectonic evolution characteristics. In the
Paleozoic period, the Hetao Basin was in an uplifted
state, and under the action of north-south squeezing
force, a nearly east-west tectonic belt was formed.
Under the control of the new stress field, the Mesozoic entered a new historical development period.
The formation and evolution of the Hetao arc structure system can be divided into two periods: Mesozoic and Cenozoic. Under the control of the Hetao
arc structure system, the Hetao graben system has
experienced four stages: Indosinian uplift, Yanshanian shear, compression depression, Himalayan
shear extensional fault depression, and gravity subsidence (Figure 6).

the Hetao tectonic system is located is in a state of
shear compression.
Due to the pushing of the Ordos block to the
northwest and the shear translation of the Yinshan
arc fault, the area where the Hetao graben system is
located began to sink in the Early Cretaceous. The
water body during the Zhidan Group period in the
Ordos Basin moved from south to north and entered
the Hetao Basin. At that time, the north and northwest sides of the Hetao Basin might be connected to
basins such as Dagtu, Guyang, Wuchuan,
Qinggeletu, and Suhaitu, and the south might be connected to the Ordos Lake Basin, and its water area
was much larger than that of the Hetao Basin. Therefore, the Lower Cretaceous is generally distributed
in the depressions of the Hetao Graben, and the
thickness of the Cretaceous at the center of the subsidence is 2 000-3 000 m. The Lower Cretaceous is
a set of inland lake deposits with a complete sedimentary cycle. In the middle period, the lake basin
area expanded and the crust was sinking steadily [2526]. A set of shallow lake to semi-deep lake facies
source rocks was deposited in the depression area,
forming a set of important oil-bearing strata. The
lake basin was gradually uplifted in the late Early
Cretaceous, and there were very thin Late Cretaceous deposits in some areas. Before the deposition
of the Eocene, the area was in a state of denudation,
which lacked Paleoocene deposits.

Mesozoic evolution stage. Indosinian uplift
stage. This area basically lacks the Triassic, which
may be due to the continuous uplift of the area due
to the continuous action of the north-south compressive stress when the Greater Khingan Mountains
trough in Inner Mongolia was closed at the end of
the Late Paleozoic. At that time, the area where the
Hetao graben system was located and connected
with the Yinshan area formed a large uplift area. To
the south of the uplift is the vast Ordos Lake Basin.
Shearing, squeezing, and depression stages
of Yanshanian. At the end of the Late Mountain
Stack, as the Pacific plate formed and moved northnorth-west, it subducted and subducted into Eurasia
together with the Kura plate. At the same time, when
the Eurasian continent collapsed, the needle rotated
instantaneously and slipped south relative to the Pacific plate. A left-handed shearing movement in the
north-south direction occurred between the Eurasian
continent, the Pacific plate and the Kura plate [11,
24]. From this, the largest northwest-south-east
stress was derived from the interior of the Sino-Korean block, and the Ordos block was relatively
pushed in the northwest. At this time, the area where

Cenozoic evolution stage. Shearing, stretching, and rifting stages of the Himalayan period
(Eocene to Miocene). Since the Cenozoic, the Hetao
graben system has officially entered a historical period of formation and development. The Indian plate
collided with the Eurasian plate 40 million years ago
and pushed northward at a speed of 5 cm/year. 45
million years ago, the movement of the Pacific plate
changed from north-northwest to northwestern. At
this time, the Eurasian plate no longer circulates in a
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clockwise direction, which caused a right-handed
shearing movement in the north-south direction in
the east of China relative to the west. The maximum
stress in the northeast-south direction is derived inside the Sino-Korean block, while the northwestsouth east is the maximum stress [15, 27]. The Ordos
block was pushed to the northwest from the Mesozoic period to relatively opened to the southeast, and
the Hetao graben system was in a shear tensile stress
field. Controlled by boundary faults, the Hetao graben system was formed.

Hydrocarbon control meaning. On the basis
of determining the stratum distribution and structural
characteristics, we have identified three major explorations in the Jilantai-Hangjinhouqi area, which are
bedrock fractured reservoirs, Paleogene Oligocene
clastic reservoirs, and Cretaceous clastic reservoirs.
At the same time, the pre-Cretaceous system is also
a potential exploration target.
At present, the Jilantai-Hangjinhouqi area as a
whole can be divided into four exploration levels:
basement, Oligocene, Cretaceous, and Pre-Cretaceous. Through comprehensive statistical analysis,
two important enlightenments are obtained. First, a
better source-reservoir allocation relationship is the
key to oil and gas accumulation. From the statistical
results, the current oil and gas discoveries are mainly
located in the Hangnan Faulted Uplift and Jixi Uplift
near the Hangbei Deep Depression. This reveals that
the distance from the oil and gas source plays an important role in controlling oil and gas accumulation.
At the same time, oil and gas drainage conditions are
also an important reservoir controlling factor. The
Songtan 2 trap is close to the northern hydrocarbongenerating sag and has a good structural trap background. However, no oil and gas show was seen in
this well. The study found that although the Cretaceous faults are well sealed, the well area failed to
form oil and gas reservoirs due to poor oil and gas
drainage conditions (Figure 7).
Secondly, effective trap conditions are the key
to accumulation. An analysis of the fault sealability
of the Hangjinhouqi No. 1 fault in the Dengkou fault
barrier zone shows that the updip fault in the Song 5
well block has better sealability, which provides favorable conditions for the formation of fault block
traps. The fault sealing in the updip direction of Well
Jihua 14x is poor, which may be the main reason for
the failure of Well Jihua 14 (Figure 8).
Based on the comprehensive analysis of the
structural characteristics, source rock conditions,
reservoir conditions, oil and gas discovery and burial
depth in the Jilantai-Hangjinhouqi area, we divided
the favorable zones in this area into three levels,
namely, reality expansion area, breakthrough area
and prospective exploration area. Their total area is
about 3 950 km2. Among them, the actual development area includes the Jixi Uplift and the Dengkou
Structural Belt; the breakthrough area is the Zage
Structural Belt and the Xinglong Structural Belt; the
prospective exploration area is the Jilantai Sag Area.

FIGURE 6
Structural profile of line 177435 in Linhe Depression.
In the Cenozoic, the depressions in the graben
system also showed multiple subsidence centers and
showed asymmetrical pan-shaped rifts. The thickness of the Eocene~Oligocene in each depression is
generally 1 000~2 000 m, and the settlement center
is 2 600 m thick.
Gravity subsidence stage (Pliocene to Quaternary). While the graben system continues to be
sheared and stretched, the 4 000-5 000 m thick sediments of the Pre-Miocene series exert a huge gravity
load on the basement. Each depression (represented
by Linhe Depression) has entered a stage of strong
overall subsidence since the Pliocene. The differential activity of faults and fault blocks within the basin
has been greatly weakened, and the large boundary
faults have been strongly active, causing the Pliocene to be more than 5 000 m thick. According to the
calculation results of the Avery crustal equilibrium
model on the 82171 survey line in the Linhe Depression, 70% to 80% of the subsidence in the depression
is caused by sediment load. This shows that the gravity load has played a certain role before the Pliocene,
but it has been more intense since the Pliocene.

CONCLUSIONS
In this paper, based on the latest two-dimensional
seismic data and well-drilled analysis in the Linhe
Depression, we have systematically conducted research on the characteristics of faults, unconformities, structural evolution and reservoir control in the
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FIGURE 7
Analysis of fault sealability of Songtan 2 trap.

FIGURE 8
Analysis of fault sealability of Jihua 14x trap.
study area. There are four different levels of unconformity developed from bottom to top in the Linhe
Depression, which are the unconformity at the top of
the Precambrian, the unconformity at the top of the
Carboniferous Permian, the unconformity at the top
of the Lisangou Formation, and the unconformity
surface in the top area of the Cretaceous.
The faults in this area are very developed, and
they are mainly northeast and northeast trends. The
types of faults include normal faults, reverse faults,
reversal faults and strike-slip faults. The Hetao Basin
as a whole has a north-fault-south-super structure.
According to the basement ups and downs and regional structural morphology, fault system, local
structural development and arrangement direction, a
structural pattern of "two uplifts, two depressions
and one slope" is formed.
The analysis of tectonic evolution shows that
the Hetao Basin was in an uplifted state in the Paleozoic, and under the action of the north-south compression force, a nearly east-west tectonic belt was
formed. In the Mesozoic era, under the control of the
Hetao arc structure system, the Hetao graben system
experienced four stages of Indosinian uplift, Yanshanian shear compression depression, Himalayan shear
extensional fault depression, and gravity subsidence.

The Jilantai-Hangjinhouqi area has three major
exploration directions: bedrock fractured reservoirs,
Paleogene Oligocene clastic reservoirs, and Cretaceous clastic reservoirs. At the same time, the PreCretaceous is also a potential exploration target.
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7KLV VWXG\ ZDV FRQGXFWHG E\ FROOHFWLQJ VDP
SOHV RI JDUOLF Allium sativum /  DQG VWXG\LQJ LWV
PRUSKRORJLFDOFKDUDFWHULVWLFVWRGHWHUPLQHZKLFKYL
UDOGLVHDVHVDUHFDXVLQJDQHFRQRPLFORVVRI\LHOGLQ
FXOWLYDWLRQ DUHDV LQ 1RUWKHUQ &\SUXV &RQVLGHULQJ
WKHLUPRUSKRORJLFDOFKDUDFWHULVWLFVJDUOLFJHQR
W\SHV ZHUH FROOHFWHG IURP  GLIIHUHQW ORFDWLRQV LQ
1RUWKHUQ &\SUXV  RI ZKLFK ZHUH LQIHFWHG ZLWK
RQH RU PRUH YLUXVHV 7KH LVRODWHV REWDLQHG ZHUH
WHVWHG DJDLQVW *DUOLF FRPPRQ ODWHQW YLUXV *DU
&/9 /HHN\HOORZVWULSYLUXV /<69 6KDOORWOD
WHQW YLUXV 6/9  &XFXPEHU PRVDLF YLUXV &09 
7REDFFR PRVDLF YLUXV 709  DQG 2QLRQ \HOORZ
GZDUIYLUXV 2<'9 )RUGLDJQRVHVERWKGRXEOHDQ
WLERG\VDQGZLFKHQ]\PHOLQNHGLPPXQRVRUEHQWDV
VD\DQGUHYHUVHWUDQVFULSWLRQSRO\PHUDVHFKDLQUHDF
WLRQWHFKQLTXHVZHUHXVHG(LJKW\VHYHQJDUOLFOHDI
VDPSOHV DQG  JDUOLF FORYH VDPSOHV ZHUH WHVWHG
7KHUHVXOWVIURPWKHVHVDPSOHVZHUHVLPLODU$PRQJ
WKHSODQWVWHVWHG  ZHUHSRVLWLYHIRU*DU
&/9  IRU/<69  IRU6/9DQG
  IRU 2<'9 *DU&/9 ZDV IRXQG WR EH WKH
PRVWFRPPRQYLUXVLQWKHLVRODWHV



WKHUDSHXWLFSURSHUWLHV>@*DUOLFLVDKHUEFRQWDLQ
LQJDYHU\KLJKDPRXQWRIDQWLPLFURELDOFRPSRXQGV
FRPSULVLQJJSHUJZDWHUDQGLVULFKLQFKHP
LFDO FRPSRXQGV VXFK DV VXOIXU HVVHQWLDO RLOV VX
FURVHDQGYDULRXVYLWDPLQV>@
3ODQWVDUHDQHVVHQWLDOFRQVWLWXHQWRIRXUGLHWV
DQG FDQ VKDSH WKH IXWXUHRIDJULFXOWXUH LQ WHUPV RI
WKHLU LPSRUWDQFH LQ KXPDQ QXWULWLRQ DQG JHQHWLF
FRGHV7KHVHLQGLVSHQVDEOHDJULFXOWXUDOFRPPRGLWLHV
KDYHDGDSWHGWRDUHDVZKHUHWKH\KDYHEHHQJURZQ
IRUPDQ\\HDUV$IWHUVXUYLYLQJVHYHUDOHQYLURQPHQ
WDODQGFOLPDWLFVWRUPVWKHLUJHQHWLFVWUXFWXUHZKLFK
FRQWLQXHVWRVXUYLYHLVGHVFULEHGDV³SODQWJHQHWLF
UHVRXUFHV´
7KHVLJQLILFDQFHRISODQWJHQHWLFUHVRXUFHVFRQ
WLQXHV WR LQFUHDVH 7RJHWKHU ZLWK LQFUHDVHG FRQ
VFLRXVQHVV DERXW VXFK UHVRXUFHV FRXQWULHV IRFXV
PDLQO\RQWKHFROOHFWLRQDQGSUHVHUYDWLRQRIWKHLUOR
FDOSODQWPDWHULDOVDQGJHQHUDOO\KDYHWKHVXSSRUWRI
LQWHUQDWLRQDO RUJDQL]DWLRQV 2OG DQG YDOXDEOH ORFDO
FXOWLYDUVDQGSRSXODWLRQVDUHKLJKO\DGDSWHGWRORFDO
FOLPDWLF DQG VRLO FRQGLWLRQV DUH TXLWH UHVLVWDQW WR
SHVWVDQGGLVHDVHVDQGKDYHYDULRXVRWKHUTXDOLWLHV
%\ XVLQJ VXFK PDWHULDOV JHQRW\SH UHVLVWDQW DQGRU
WROHUDQFHWRSHVWVGLVHDVHVDELRWLFVWUHVVIDFWRUVVD
OLQLW\GURXJKWDQGYDULRXVRWKHUHQYLURQPHQWDOSKH
QRPHQD FRXOG EH GHYHORSHG 7KHVH PDWHULDOV PD\
DOVRFRQVWLWXWHDYDOXDEOHUHVRXUFHIRUSUHVHQWO\XQ
NQRZQEXWSURVSHFWLYHQHHGV>@
,Q1RUWKHUQ&\SUXVVWXGLHVRQSODQWJHQHWLFUH
VRXUFHVDQGWKHDVVHVVPHQWRIWKHLUUHVLVWDQFHWROHU
DQFHWRGLVHDVHVDUHTXLWHOLPLWHG7KRVHVWXGLHVFRQ
GXFWHGFRPSULVHPDLQO\HIIRUWVZLWKDOLPLWHGQXP
EHURISODQWVSHFLHVKRZHYHUH[FHSWIRUWKRVHRQD
IHZ VSHFLHV WKHUH LV QR VWXG\ RQ WKH FROOHFWLRQ RI
VDPSOHV DQG YLUDO GLVHDVHV RI SODQWV DOUHDG\ FXOWL
YDWHG 6RPH JHQRW\SHVZLWK WKHLU \LHOGVDQG SRVL
WLYH UHVSRQVHV WR VWRUDJH DUH QRW DEOH WR FRPSHWH
ZLWKWRGD\¶VPRGHUQFXOWLYDUVWKXVWKH\IDFHH[WLQF
WLRQ%HFDXVH1RUWKHUQ&\SUXVLVORFDWHGDORQJDVLJ
QLILFDQWPLJUDWLRQURXWHLWKDVEHHQKRVWWRVHYHUDO
FLYLOL]DWLRQVWKHUHIRUHLWKDVEHFRPHDQDUHDKRXV
LQJPDQ\JHQHWLFDOO\GLYHUVHSODQWVVSHFLHV1RUWK
HUQ&\SUXVLVDOVRORFDWHGDORQJWKHPLJUDWLRQURXWH

.(<:25'6
*DUOLF Allium sativum /  *DUOLF FRPPRQ ODWHQW YLUXV
2QLRQ\HOORZGZDUIYLUXV/HHN\HOORZVWULSHYLUXV57
3&5WHFKQLTXH



,1752'8&7,21

*DUOLF Allium sativum /  KDV EHHQ NQRZQ
VLQFH DQFLHQW WLPHV WR EH D PLUDFXORXV YHJHWDEOH
WKURXJKRXW ZRUOG DQG LV DPRQJ WKH ROGHVW NQRZQ
KRUWLFXOWXUDOSODQWV7KLVSODQWZDVNQRZQDV³JDU
OLF´LQDQFLHQWWLPHVHVSHFLDOO\LQ(J\SWLDQDQG,Q
GLDQFXOWXUHVDQGWKHUHZDVHYLGHQFHWKDWLWZDVXVHG
E\WKH%DE\ORQLDQV\HDUVDJRDQGE\WKH&KL
QHVH\HDUVDJR>@*DUOLFLVDQLQGLVSHQVDEOH
SDUWRIWKHSKDUPDFHXWLFDOIRRGDQGVSLFHLQGXVWULHV
DV D UHVXOW RI LWV PDQ\ KHDOWK EHQHILWV IODYRU DQG



E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


RIZLOGELUGVZKLFKKDYHKDGVLJQLILFDQWFRQWULEX
WLRQV WR WKDW JHQHWLF GLYHUVLW\ E\ VSUHDGLQJ SODQWV
VHHGV
Allium VSHFLHV EHORQJ WR D ODUJH IDPLO\ RI
SODQWV DQG DUH FRQVLGHUHG WKURXJKRXW WKH ZRUOG WR
KDYHVLJQLILFDQWKHDOWKEHQHILWV7KHZRUOGZLGHSUR
GXFWLRQRIJDUOLFLV7ZLWK&KLQDEHLQJ
WKHELJJHVWSURGXFHUZLWK7IROORZHGE\
,QGLDZLWKa7>@$FFRUGLQJWRGDWD
IURP WKH 7XUNLVK 5HSXEOLF RI 1RUWKHUQ &\SUXV
751& 1RUWKHUQ&\SUXVSURGXFHV7RIJDUOLF
7KH0RUSKRXUHJLRQSURGXFHV7DQG)DPDJXVWD
SURGXFHV7>@
*DUOLFSODQWVDUHDIIHFWHGE\PDQ\DELRWLFDQG
ELRWLF IDFWRUV %LRWLF VWUHVV IDFWRUV LQFOXGH YLUXVHV
EDFWHULDDQGIXQJDOGLVHDVHV7KHPDLQV\PSWRPVRI
GLVHDVHLQSODQWVDUHPRVDLFOLQHSDWWHUQV\HOORZLQJ
DQGOHDIGHIRUPDWLRQV:RUOGZLGHPRVWYLUXVHVDUH
NQRZQ WR LQIHFW JDUOLF DV DQDWXUDOKRVW Potyvirus
AllexivirusDQGCarlavirusDUHDPRQJWKHPRVWFRP
PRQWKDWFDXVHGLVHDVHVDPRQJAlliumVSHFLHVPotyviruses LQFOXGH WKH 2QLRQ \HOORZ GZDUI YLUXV
2<'9  DQG /HHN \HOORZ VWULSH YLUXV /<69  >@
DQGDUHWKHPRVWFRPPRQGLVHDVHVIRXQGLQJDUOLFDV
RQHRILWVKRVWSODQWV>@CarlavirusVSHFLHVVXFK
DV WKH *DUOLF FRPPRQ ODWHQW YLUXV *DU&/9  DQG
6KDOORWODWHQWYLUXV 6/9 DUHDOVRIRXQGEXWDUHOHVV
FRPPRQ>@
PotyvirusPROHFXOHVKDYHVV51$aNE
ORQJDQGUDQJHIURPWRQPDQG±QPLQ
GLDPHWHU 2QO\ D IHZ VSHFLHV RI WKLV YLUXV FDQ EH
WUDQVPLWWHGE\VHHG>@
2<'9 FDQ EH WUDQVPLWWHG QRQSHUVLVWHQW DQG
PHFKDQLFDOO\E\DSKLGV $SKLGRLGHD 7KLVYLUDOGLV
HDVHZKLFKDIIHFWVRQLRQVJDUOLFDQGOHHNVFDXVHV
VHULRXV ORVVHV LQ WKH SODQWV IURP VWXQWLQJ WKHLU
JURZWK\HOORZLQJDQGFXUOLQJWKHOHDYHVFDXVLQJLU
UHJXODUOLQHVRQWKHOHDYHVGHWHULRUDWLQJWKHVWUXFWXUH
RIWKHIORZHUDQGSUHYHQWLQJVHHGLQJ
/<69LVDOVRFDUULHGE\DSKLGYHFWRUVEXWLVQRW
WUDQVPLWWHGE\VHHG>@7UDQVPLVVLRQWKURXJKYHJ
HWDWLYHPDWHULDOVLVFRQVLGHUHGWKHSULPDU\FRQWDPL
QDWLRQ URXWH $OWKRXJK WKH KRVW UDQJH RI /<69 LV
FRQVLGHUDEO\ZLGHDPRQJAlliumVSHFLHVFRPPRQ
JDUOLFOHHNV A. ampeloprasumYDUampeloprasum 
RQLRQV HVSHFLDOO\A. ampeloprasumYDUsectivum 
DQGVRPHRUQDPHQWDODQGZLOGSODQWVFDQEHOLVWHGDV
WKHPRVWFRPPRQKRVWVWREHLQIHFWHG>@
2WKHUYLUXVHVREVHUYHGRQJDUOLFDUHCarlavirus
RI WKH %HWDIOH[LYLULGDH IDPLO\ DQG Allexivirus EH
ORQJLQJ WR WKH $OSKDIOH[LYLULGDH IDPLO\ Potyvirus
VSHFLHVXVXDOO\FDXVH\HOORZQHFURWLFFKORURWLFVSRW
WLQJRQWKHOHDYHVDQGVWXQWHGJURZWKLQSODQWVKRZ
HYHUCarlavirusDQGAllexivirusVSHFLHVFDXVHODWHQW
JURZWKLQSODQWVDQGJHQHUDOO\GRQRWH[KLELWVLJQLI
LFDQWV\PSWRPV2IWKHCarlavirus VSHFLHV*DU
&/9DQG6/9DUHWKHPRVWFRPPRQZLWK*DU&/9
FRQVLGHUHGWKHPRVWFRPPRQYLUXVZRUOGZLGH>@

7KHUH DUH HLJKW Allexivirus VSHFLHV LQ WKH $O
SKDIOH[LYLULGDH IDPLO\ >@ 7KH KRVWV DUH Allium
VSHFLHV DQG WKH YLUXVHV DUH WUDQVPLWWHG E\ PLWHV
(ULRSK\LGDH  >@ /LJKWJUHHQ VWULS IRUPDWLRQ RQ
WKHOHDYHVRIWKHJDUOLFSODQWFDQLQGLFDWHWKHSUHV
HQFH RI Allexivirus VSHFLHV >@ Garlic virus$
*DU9$ DQG*DU9&DUHPRUHFRPPRQO\IRXQGLQ
WKHJDUOLFSODQWEXWLWKDVEHHQUHSRUWHGWKDWWKH\FDQ
DOVR UHGXFH WKH WRWDO ZHLJKW RI A. sativum E\ 
>@
*DUOLFLVDYHJHWDWLYHO\SURSDJDWHGSODQWXVLQJ
WKHFORYHVIURPWKHIORZHUVWUXFWXUH&ORYHVDUHXVHG
ERWKDVVHHGDQGSURGXFWLRQPDWHULDO>@WKHUHIRUH
YLUDO LQIHFWLRQV DUH WKH PRVW FULWLFDO SDWKRJHQV LQ
WKHVH SODQWV 9LUDO LQIHFWLRQV UHGXFH FORYH VL]H
ZHLJKW DQG GLDPHWHU DQG DUH WUDQVPLWWHG WR IXWXUH
JHQHUDWLRQV WKURXJK WKH FORYHV >@ 7KH VHHG
SURGXFWLRQSURWRFROLVFULWLFDOEHFDXVHJDUOLFLVRQO\
YHJHWDWLYHO\ SURSDJDWHG 9LUXVLQGXFHG \LHOG DQG
TXDOLW\ORVVHVDUHHYLGHQWHYHU\ZKHUHAlliumVSHFLHV
DUHJURZQ,WKDVEHHQLQGLFDWHGWKDWCarlaAllexi
DQG Potyvirus VSHFLHV FDXVH TXDOLW\ DQG TXDQWLW\
ORVVHV LQ WKHVH SODQWV >@ 7KH LQIHFWLRQV RI WKHVH
YLUXVHVHLWKHUDORQHRUFRPELQHGKDVFDXVHGORVVHVLQ
\LHOGRI±>@)HZVWXGLHVKDYHEHHQFRQ
GXFWHGLQ1RUWKHUQ&\SUXVRQWKHVHYLUXVHVLQJDUOLF
KRZHYHULWKDVEHHQUHSRUWHGWKDWYLUDOGLVHDVHVDUH
FRPPRQ LQ Allium VSHFLHV DQG WKDW WKHVH GLVHDVHV
VLJQLILFDQWO\LQIOXHQFH\LHOGDQGTXDOLW\UHGXFHVL]H
ZHLJKWDQGGLDPHWHURIWKHFORYHVFDXVHOLJKWOLQHV
RUPRVDLFVDQGFDXVHUHFHVVHGJURZWKDQGGHYHORS
PHQW>@
7KHVH SODQW GLVHDVHV OLPLW WKH SURGXFWLRQ RI
JDUOLFLQ1RUWKHUQ&\SUXVDQGDIIHFWWKHDJULFXOWXUDO
HFRQRP\ LQ WKH DUHD &RPSODLQWV IURP WKH IDUPHUV
DERXWWKHVHGLVHDVHVKDYHSURPSWHGWKHLQLWLDWLRQRI
WKLVVWXG\:LGHVSUHDGYLUDOGLVHDVHVWKDWFDXVHHFR
QRPLF\LHOGORVVHVZHUHDVVHVVHGE\FROOHFWLQJSODQW
VDPSOHVGHWHUPLQLQJPRUSKRORJLFDOFKDUDFWHULVWLFV
DQGLGHQWLI\LQJWKHYLUDOGLVHDVHV


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

7KLVVWXG\ZDVFRQGXFWHGLQWZRVWDJHV)LUVW
SODQWVDPSOHVZHUHFROOHFWHGIURPGLIIHUHQWOR
FDWLRQV LQ &\SUXV 0RUSKRX /HIND 7ULNRPR
.DUSDV)DPDJXVWD1LFRVLDDQG.\UHQLD 7KHPRU
SKRORJ\ZDVFKDUDFWHUL]HGZHUHDFFRUGLQJWRWKH,Q
WHUQDWLRQDO8QLRQIRUWKH3URWHFWLRQRI1HZ9DULH
WLHVRI3ODQWV 8329 FULWHULDLQORFDOJDUOLFVDP
SOHV ZKLFK ZHUH GLIIHUHQW IURP WKH  JHQRW\SHV
FROOHFWHG 7HQ GLIIHUHQW JDUOLF PDWHULDOV FROOHFWHG
ZHUHVRZQLQYLDOVFRQWDLQLQJSHDW±SHUOLWH*HU
PLQDWLRQZDVQRWDFKLHYHGIURP6DU6DU6DU
 6DU 6DU RU 6DU JHQRW\SHV 6HHGOLQJV
RIWKHIRXUJHUPLQDWHGJHQRW\SHVZHUHSODQWHGLQWR
H[SHULPHQWDOSORWVLQPURZVDQGFPDSDUW
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1RWHV*DU&/9*DUOLFFRPPRQODWHQWYLUXV/<69/HHN\HOORZVWULSYLUXV6/96KDOORWODWHQWYLUXVDQG2<'92QLRQ
\HOORZGZDUIYLUXV


7KHPRUSKRORJLHVZHUHFKDUDFWHUL]HGXQWLOWKHIORZ
5(68/76
HULQJ VWDJH IROORZLQJ 8329 FULWHULD DQG WKH PRU

SKRORJLFDOGLIIHUHQFHVZHUHLGHQWLILHGDPRQJWKHVH
7KHVWXG\ZDVFRQGXFWHGE\FROOHFWLQJAlIRXUJHQRW\SHV6HFRQGVWXGLHVWRVFUHHQWKHYLUXVHV
lium VDPSOHV IURP  GLIIHUHQW UHJLRQV RI 1RUWKHUQ
ZHUHFRQGXFWHGRQDOOFROOHFWHGVDPSOHV
&\SUXV 0RUSKRX /HIND 7ULNRPR.DUSDV )DPD
7HVWV ZHUH FRQGXFWHG XVLQJ WKH GRXEOH DQWL
JXVWD 1LFRVLD DQG .\UHQLD  7KH VDPSOHV ZHUH
ERG\VDQGZLFKHQ]\PHOLQNHGLPPXQRVRUEHQWDVVD\
WHVWHGVHURORJLFDOO\DQGPROHFXODUO\XVLQJYLUXVVXV
'$6(/,6$ PHWKRGIROORZLQJWKHPDQXIDFWXUHU¶V
SHFW VDPSOHV ZLWK ERWK WKH '$6(/,6$ PHWKRGV
UHFRPPHQGDWLRQV $JGLD,QFDQG%LRUHED$* 7ZR
DQG573&5WHFKQLTXHV
VDPSOHV RI HDFK SRVLWLYH '$6(/,6$ UHVXOW DQG D
$PRQJWKHJHUPLQDWHG6DU6DU6DU
FOHDUVDPSOHZHUHYHULILHGZLWKUHYHUVHWUDQVFULSWLRQ
DQG 6DU JHQRW\SHV 6DU KDG D VPDOOHU FORYH
SRO\PHUDVH FKDLQ UHDFWLRQ 573&5  XVLQJ WKH
DQGWKHVNLQ¶VELQGLQJWRWKHFORYHZDVZHDNHUWKDQ
'HOODSRUWD PHWKRG RI WRWDO QXFOHLF DFLG H[WUDFWLRQ
WKDWLQWKHRWKHUJHQRW\SHV7KXVWKLVJHQRW\SHZDV
>@UXQQLQJDJDURVH JHOHOHFWURSKRUHVLVZLWK VSH
VHSDUDWHGIURPWKHRWKHUV'LIIHUHQFHVZHUHQRWRE
FLILF SULPHUV 7DEOH   DQG LPDJLQJ DIWHU VWDLQLQJ
VHUYHG DPRQJ WKH WKUHH UHPDLQLQJ JHQRW\SHV 6DU
ZLWK HWKLGLXP EURPLGH 7KH 7KHUPR 6FLHQWLILF
 6DU DQG 6DU  2I WKHVH 6DU ZDV SUH
9HUVR 6WHS 573&5 5HGG\0L[ .LW $%
VHUYHG
/'$ ZDVXVHGIRU573&5WHVWLQJ7KH3&5
9LUXVV\PSWRPVZHUHVWXGLHGLQJDUOLFSODQWHG
F\FOHVZHUHDUUDQJHGDVIRUDQQHDOLQJZLWKSULPHUV
IRU WHVWLQJ DQG REVHUYDWLRQ 7KH PRVW FRPPRQ
GHVLJQHGE\PXOWLSOH[573&5 /HHHWDO IRU
V\PSWRPVRIYLUDOLQIHFWLRQVLQJDUOLFDUHJURZWKUH
F\FOHVDW&F'1$V\QWKHVLV IRUUHYHUVHWUDQ
WDUGDWLRQ PRVDLF OLQHV \HOORZLQJ OLQHV LUUHJXODU
VFULSWLRQ IRUF\FOHDW&IRUPLQ9HUVRLQ
OLQHVKDSHG FRORU RSHQLQJ LQ WKH OHDYHV VPDOO DQG
DFWLYDWLRQIRUF\FOHDW&IRUPLQVHSDUDWLRQ
DPRUSKRXVFORYHIRUPDWLRQDQGVPDOOVWHPGLDPH
DW&IRUVELQGLQJDW&IRUVH[WHQVLRQ
WHUEHWZHHQWKHPLGGOHYHLQVRIWKHOHDI )LJXUH 
DW&IRUPLQDQGILQDOH[WHQVLRQIRUF\FOHDW
,Q DGGLWLRQ WR WKH IULDELOLW\ DQG LQZDUG FXUO RI WKH
&IRUPLQ
OHDYHVQDUURZLQJRIWKHDQJOHEHWZHHQWKHOHDIDQG

VWHPZDVREVHUYHG

7KHUHZHUHVDPSOHVZLWKV\PSWRPVRIDYL

UDO LQIHFWLRQ VWXQWLQJ \HOORZLQJ OLQHV RYHU WKH

OHDYHVVPDOOFORYHVDQGOLJKWHUFRORU WKDWZHUHFRO

OHFWHGIURPGLIIHUHQWORFDWLRQVRIJDUOLFILHOGV

7$%/(
7HVW5HVXOWVRIWKH'LVWULEXWLRQRI9LUXV6SHFLHV
5HJLRQV
6DPSOHV
/<69
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),*85(
6\PSWRPVRIYLUDOLQIHFWLRQVLQJDUOLFOHDIVWHPDQGFORYHD /LQHVKDSHGPRVDLFVSDUDOOHOWRWKHFHQWUDO
YHLQRIWKHOHDIE VPDOODQGDPRUSKRXVKHDGDQGWHHWKIRUPDWLRQF VKRUWHQHGEHWZHHQQRGHGLVWDQFHG 
JHQHUDOPRVDLFDQGI URXJKHQHGOHDYHV

DQGKRPHJDUGHQVLQ1RUWKHUQ&\SUXV*UHHQKHUE
3&5 ZKLFK UHYHDOHG WKH SURGXFW WKDW SURYHG WKH
DJH DQG FORYHV RI WKH FROOHFWHG VDPSOHV ZHUH DV
'$6(/6$UHVXOWV
VHVVHGDVVHSDUDWHVDPSOHV,QWKH'$6(/,6$WHVW
6/9 ZDV LGHQWLILHG LQ VDPSOHV E\ WKHLU UH
OHDIDQGFORYHVDPSOHVZHUHWHVWHG
FHVVHG GHYHORSPHQW LUUHJXODU VKDSHV RU VPDOO
,QWKH'$6(/,6$WHVWVWKHVDPHUHVXOWVZHUH
FORYHV EXW JHQHUDOO\ WKHVH VDPSOHV KDG QR V\PS
REWDLQHGIURPWKHFORYHVDQGOHDYHV,QRIWKHFRO
WRPV )LJXUH   /<69 ZDV LGHQWLILHG LQ VDPSOHV
OHFWHGVDPSOHVDWOHDVWYLUDOLQIHFWLRQZDVLGHQ
ZLWKLUUHJXODUOLJKWHQHGOLQHVRYHUWKHOHDYHVPRVDLF
WLILHG7KHYLUXVHVVWXGLHGZHUHQRWREVHUYHGLQWKH
OLQHV UHFHVVHG GHYHORSPHQW VPDOO DQG LUUHJXODU
UHPDLQLQJIRXUVDPSOHV7HVWVUHYHDOHGWKDW*DU&/9
FORYHVDQGQDUURZVSDFHVEHWZHHQLQWHUQRGHV )LJ
 ZDVWKHPRVWFRPPRQYLUXVLQRIWKH
XUH 
VDPSOHV IROORZHG E\ /<69   LQ  6/9

 LQDQG2<'9  LQVDPSOHV0L[HG

LQIHFWLRQRI/<69*DU&/9ZDVREVHUYHGLQHLJKW
',6&866,21
VDPSOHVDQG6/9/<69ZHUHREVHUYHGLQILYHVDP

SOHV &XFXPEHU PRVDLF YLUXV &09  DQG WREDFFR
7KHUHLVOLPLWHGLQIRUPDWLRQDERXWYLUDOLQIHF
PRVDLFYLUXV 709 ZKLFKZHUHSUHYLRXVO\LGHQWL
WLRQVLQJDUOLFSODQWVJURZQLQ1RUWKHUQ&\SUXV7KLV
ILHGZHUHQRWREVHUYHGLQDQ\RIWKHVDPSOHV 7DEOH
VWXG\LGHQWLILHGWKHYLUXVHVWKDWDIIHFWWKHSURGXFWLRQ
 
DQG\LHOGRIJDUOLFLQWKDWDUHDXVLQJERWKPROHFXODU
$FFRUGLQJ WR WKH '$6(/,6$ WHVW V\PSWR
DQGVHURORJLFDOGLDJQRVWLFPHWKRGVDVZHOODVGDWD
PDWRORJ\ZRUNVZHOOLQJDUOLFSODQWV&HUWLILHGVHHGV
RQ WKH V\PSWRPRORJLFDO VWXGLHV RI WKHVH YLUXVHV
DUHQRWXVHGLQSODQWLQJWKHFORYHVDUHXVHGDVVHHGV
3KHQRW\SHVZHUHREVHUYHGIURPWKHLQIRUPDWLRQRE
)RXU YLUXVHV ZLWK SRVLWLYH UHVXOWV IURP WKH '$6
WDLQHGZLWKLQWKHVFRSHRIWKHVWXG\DQGVHURORJLFDO
(/,6$WHVWWZRVDPSOHVZLWKPL[HGLQIHFWLRQVDQG
DQG PROHFXODU DQDO\VHV VXSSRUWHG WKHVH GDWD 7KH
WZRVDPSOHVZLWKQRYLUXVHVZHUHVXEMHFWHGWR57
VWXGLHVZHUHFRQGXFWHGWDNLQJLQWRFRQVLGHUDWLRQWKH
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FULWHULDRIPDQ\UHVHDUFKHUV>@ZKLFKDUHWKHPR
VDLFOLQHVLUUHJXODUFKORURWLFRU\HOORZOLQHVRQWKH
OHDYHVLUUHJXODUGLVFRORUDWLRQGHIRUPDWLRQVLUUHJX
ODUOLQHVSDUDOOHOWRWKHFHQWUDOYHLQVWXQWLQJJHQHUDO
\HOORZLQJJURZWKUHWDUGDWLRQVPDOODQGDPRUSKRXV
KHDGIRUPDWLRQQDUURZLQJWUXQNGLDPHWHUDQGSODQW
GHIRUPLW\ DOO RI ZKLFK FDQ EH FODVVLILHG DV VXVSL
FLRXV LQ WKH VDPSOHV )LHOG REVHUYDWLRQV RI WKH 
FROOHFWHGVDPSOHVZHUHFRQGXFWHGXVLQJDFRPPHU
FLDODQWLVHUDE\'$6(/,6$WHVW6\PSWRPRORJLFDO
FKDUDFWHULVWLFV RI WKH FROOHFWHG JDUOLF SODQWV ZHUH
WDNHQ LQWRFRQVLGHUDWLRQ DQG GXULQJ WHVWLQJ LW ZDV
GHFLGHG WR GHWHUPLQH WKH SUHVHQFH RI FRPPRQ YL
UXVHVLQWKHVHSODQWV7KHJUHHQSDUWVDQGEXOEVRIWKH
FROOHFWHG VDPSOHV ZHUH GHWHUPLQHG WR EH WKH PRVW
VXLWDEOH WLVVXHV IRU WHVWLQJ DQG ZHUH WHVWHG VHSD
UDWHO\0L[HGLQIHFWLRQVZHUHGHWHFWHGLQRIWKH
 VDPSOHV FROOHFWHG IURP  GLIIHUHQW UHJLRQV RI
1RUWKHUQ&\SUXV7ZRQHJDWLYHV DQG 
DQGWZRSRVLWLYHV ± FRQWUROVZHUHXVHG
IRUWKH'$6(/,6$WHVW9DOXHVQHDUDQGDERYHRQH
KDOIRIWKHYDOXHRIWKHVDPSOHVVHOHFWHGDVSRVLWLYH
DFFRUGLQJ WR WKH WHVW ZHUH FRQVLGHUHG SRVLWLYH
(/,6$ UHDGLQJV RI WKH VDPSOHV REWDLQHG IURP WKH
VWXG\ZHUHFRQVLGHUHGWREHDSSUR[LPDWHO\VL[WLPHV
KLJKHU  7KHUHDVRQVIRUWKLVDUH
EHOLHYHG WREH WKDWJDUOLF YLUXVHV JHQHUDOO\ H[LVW LQ
SODQWV EXW SURGXFH QR V\PSWRPV DQG DUH QRW GLDJ
QRVHG,WLVEHOLHYHGWKDWJDUOLFLVQRWDVHHGELQGLQJ
SODQWDQGWKHXVHRILWVFORYHDVSURGXFWLRQPDWHULDO
FDXVHVUHSOLFDWLRQRIWKHYLUXVGXULQJHDFKSURGXF
WLRQSHULRGOHDGLQJWRDQLQFUHDVHLQWKHYLUDOWLWHU
1RWDEO\ ZKHQ Allexivirus DQG Carlavirus VSHFLHV
SURGXFHDVLQJOHLQIHFWLRQLQJDUOLFWKHLUV\PSWRPV
UHPDLQKLGGHQDQGGLIILFXOWWRGLDJQRVHEXWLIWKHVH
YLUXVHV FDXVH D PL[HG LQIHFWLRQ LQ SODQWV WKH H[
SHFWHG\LHOGIURPWKHSODQWVLVVLJQLILFDQWO\UHGXFHG
>@ 6HURORJLFDO GDWD REWDLQHG IURP '$6(/,6$
ZHUHVXSSRUWHGE\573&5DQDO\VHV7KHSUHVHQFH
RIPL[LQIHFWLRQVZDVGHWHFWHGLQRIWKHVDP
SOHV
$VDUHVXOWRIWKHDQDO\VHVJDUOLFJHQRW\SHV
WHVWHGZHUHSODQWHGLQSRWVIRUSKHQRW\SLFREVHUYD
WLRQVDQGRIWKHVHJHQRW\SHVGLGQRWJHUPLQDWH7KH
V\PSWRPDWLFFKDUDFWHULVWLFVRIWKHYLUXVHVZHUHWREH
LQWHUSUHWHGWKURXJKWKHVHVDPSOHV$VDUHVXOWRIWKH
REVHUYDWLRQVWKHPRVWFRPPRQYLUXVV\PSWRPVLQ
JDUOLF ZHUH JURZWK UHWDUGDWLRQ ZLWK PRVDLF OLQHV
\HOORZLQJ LUUHJXODU OLQHV DQG GLVFRORUDWLRQ LQ WKH
OHDYHV VPDOO DQG DPRUSKRXV FORYH IRUPDWLRQ
VKULQNDJHRISODQWVWHPGLDPHWHUDQGUHGXFHGVSDFHV
EHWZHHQWKHQRGXOHV )LJXUH ,QDGGLWLRQWKHIULD
ELOLW\RIWKHOHDYHVDQGLQZDUGFXUODQGQDUURZDQ
JOHVEHWZHHQWKHOHDIDQGVWHPZHUHREVHUYHG0DQ\
UHVHDUFKHUV KDYH HPSKDVL]HG WKDW PL[HG LQIHFWLRQV
DUHWKHPRVWLPSRUWDQWIDFWRUWKDWDIIHFWVJDUOLFSODQW
\LHOG,QPL[HGLQIHFWLRQVHVSHFLDOO\JURZWKUHWDUGD
WLRQDQGOLQHPRVDLFVKDYHEHHQREVHUYHG )LJXUH 
/LQH PRVDLFV KDYH EHHQ REVHUYHG LQ Allium
VSHFLHV HVSHFLDOO\ LQ WKH OHDYHV DQG FORYHV RI WKH

JDUOLFSODQWVIRUDQH[WHQGHGSHULRGRIWLPHEXWEH
FDXVHRILQVXIILFLHQWLGHQWLILFDWLRQWKHVHV\PSWRPV
DUH EHOLHYHG WR EH FDXVHG E\ XQNQRZQ HWLRORJLFDO
IDFWRUV>@$VWHFKQRORJLFDODGYDQFHVSURJUHVVHG
WKHGLDJQRVLVRIYLUDOGLVHDVHVZDVIDFLOLWDWHGXVLQJ
GLDJQRVWLFVSHFLILFDQWLERGLHVDQGSULPHUVDQGLGHQ
WLILFDWLRQ RI WKHVH GLVHDVHV KHOSHG WR LGHQWLI\ WKH
SODQWV FDUU\LQJ WKLV YLUXV V\PSWRP DQG FODULI\ WKH
FDXVHVRIWKHVHV\PSWRPV
$FFRUGLQJ WR UHVHDUFKHUV WKH PRVW FRPPRQ
IDFWRUVWKDWDIIHFWJDUOLF\LHOGDUHPL[HGLQIHFWLRQV
AllexivirusDQGCarlavirusVSHFLHVDORQHGRQRWDI
IHFWJDUOLFSURGXFWLRQEHFDXVHWKH\DUHXVXDOO\ODWHQW
LQWKHSODQWKRZHYHUWKHSUHVHQFHRIWKHPotyvirus
IDPLO\FDQFDXVHERWKV\PSWRPVDQGDGHFUHDVHLQ
\LHOGV$PRQJWKHSODQWVWHVWHG  VDP
SOHVKDG*DU&/9  KDG /<69  
KDG6/9DQG  KDG2<'9*DU&/9ZDVWKH
PRVWFRPPRQYLUXVLQWKHLVRODWHVZLWKPL[HGLQIHF
WLRQV /<696/9 DQG /<69*DU&/9 ZHUH WKH
PL[HG LQIHFWLRQV WKHUHIRUH WR SUHYHQW \LHOG ORVVHV
IURPYLUDOGLVHDVHVLQJDUOLFSURGXFWLRQDUHDVRQHRI
WKHPRVWHIIHFWLYHPHWKRGVLVWRPDNHFXOWXUDOFRQ
WUROWRDYRLGPL[HGLQIHFWLRQV
$OWKRXJK*DU&/9DQG6/9DUHPRUHFRPPRQ
DFFRUGLQJ WR WKH UHVHDUFK LW LV LQGLFDWHG WKDW Potyvirus VSHFLHVDUHDQHVVHQWLDOIDFWRUDIIHFWLQJJDUOLF
\LHOGHVSHFLDOO\LQPL[HGLQIHFWLRQV>@,QWKH
VWXGLHV FRQGXFWHG LQ ,UDQ IRU *DU&/9 GHVSLWH UH
JLRQDOGLIIHUHQFHVWKHLQWHQVLW\ RIWKHYLUXVZLWKLQ
WKHFRXQWU\YDULHGEHWZHHQDQG>@,QWKH
0HGLWHUUDQHDQDUHD)LGDQDQG%DOR÷OX>@KDYHGH
WHFWHG WKH ILUVW LQVWDQFH RIYLUDO GLVHDVH LQDUHDV RI
JDUOLFSURGXFWLRQLQ7XUNH\7XUNH\¶VUDWHRIEHFRP
LQJLQIHFWHGZLWKLVRODWHVFROOHFWHGIURPGLIIHUHQWDU
HDV RI UHJLRQDO JDUOLF SURGXFWLRQ FKDQJHV ,Q ,WDO\
GLIIHUHQFHVLQWKHJHRJUDSKLFDOGLVWULEXWLRQRI*DU
&/9LQIHFWLRQDWSURGXFWLRQVLWHVKDVEHHQUHSRUWHG
SDUWLFXODUO\LQWKHVRXWKHUQDUHDVZKHUHWKHLQIHFWLRQ
UDWHLVFRPSDUHGWRWKDWLQWKHQRUWKHUQUHJLRQV
DW  >@ ,Q DGGLWLRQ WKHUH DUH UHJLRQDO GLIIHU
HQFHVLQ*DU&/9LQIHFWLRQLQ*UHHFHDQGLWKDVEHHQ
UHSRUWHG WKDW WKH UDWH RI LQIHFWLRQ LV VLJQLILFDQWO\
KLJKHULQWKHVRXWKHUQSDUWRIWKHFRXQWU\FRPSDUHG
WR WKDW LQ WKH QRUWKHUQ UHJLRQV >@ 3UDPHVK DQG
%DUDQZDO¶V>@VWXG\RQ*DU&/9DQGLWVFRDWSUR
WHLQKDVLQGLFDWHGWKDWWKHUHDUHVHYHUDOYDULDWLRQVLQ
WKH1WHUPLQDOUHJLRQRIWKLVYLUXV,QIXWXUHVWXGLHV
WKHVH GLUHFWLRQDO YDULDWLRQV LQ WKH FRDW SURWHLQ RI
*DU&/9ZKLFKLVWKHPRVWFRPPRQO\GHWHFWHGYL
UXVLQWKHJDUOLFLVRODWHVIURPWKH1RUWKHUQ&\SUXV
UHJLRQFDQEHGHWHFWHGRQDJHQRPLFEDVLVDQGSK\
ORJHQHWLFUHODWLRQVKLSVZLWKZRUOGLVRODWHVFDQEHGH
WHUPLQHG
,QWKHFXUUHQWVWXG\JDUOLFFORYHVZHUHSODQWHG
DQGREVHUYHGLQWKHGLIIHUHQWJDUOLFJHQRW\SHVWRGH
WHUPLQH WKH V\PSWRPV RI WKHVH YLUXVHV 7KH SODQWV
ZHUH WHVWHG WR GHWHUPLQH VLQJOH DQG PL[ LQIHFWLRQV
DQGWKHLUEHKDYLRULQWKHSODQWV$OWKRXJK*DU&/9
KDV EHHQ UHSRUWHG LQ PDQ\ JDUOLFSURGXFLQJ DUHDV
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ZRUOGZLGHWKHUHLVOLWWOHLQIRUPDWLRQRQWKHPROHFX
ODUOHYHORIWKHVHLVRODWHVVXFKDVWKHJHQHWLFGLYHU
VLW\SK\ORJHQHWLFUHODWLRQVKLSRULQWUDRULQWHUVSH
FLHVUHODWLRQVKLSVWKHUHIRUHZHEHOLHYHWKDWLWLVLP
SRUWDQWWRIRFXVRQWKHVHLVVXHVLQIXWXUHVWXGLHV
6/9 LV D YLUDO GLVHDVH FDUULHG E\ DSKLGV WKDW
DOVRFDUU\*DU&/9DQGLQWKLVVWXG\FRQGXFWHGLQ
1RUWKHUQ&\SUXVRIWKHVDPSOHVFROOHFWHGZHUH
LQIHFWHGZLWKWKLVGLVHDVH6/9GRHVQRWH[KLELWVLJ
QLILFDQW V\PSWRPV RI LQIHFWLRQ VXFK DV ZLWK *DU
&/9DORQHEXWLQVRPHV\PSWRPRORJLFDOREVHUYD
WLRQVPDGHE\UHVHDUFKHUVLWKDVEHHQVWDWHGWKDWQDU
URZLQJ VSDFH EHWZHHQ QRGXOHV FDXVHV VKULQNDJH LQ
WKHGLDPHWHUDQGKHLJKWRIWKHJDUOLFKHDGVLQGLUHFW
SURSRUWLRQWRJURZWKUHWDUGDWLRQ>@
/<69DPotyvirusZDVIRXQGDWDUDWHRI
LQWKHLVRODWHVLQWKHVWXG\/<69LVDOVRWUDQVPLWWHG
E\DSKLGVDQGLVDQHFRQRPLFDOO\LPSRUWDQWYLUXVEH
FDXVH LW H[KLELWV PRUH VLJQLILFDQW V\PSWRPV WKDQ
RWKHUYLUXVHVREVHUYHGLQJDUOLF>@
,Q RXU VWXG\ VDPSOHV ZLWK YLUXVOLNH V\PS
WRPVVXFKDVLUUHJXODUFRORUH[SDQVLRQVSDUDOOHOWR
WKHOHDIYHLQVZHUHFROOHFWHGDQGVHURORJLFDOO\DQG
PROHFXODUO\ WHVWHG 7KH UHVXOWV VKRZHG WKDW WKHVH
VDPSOHVZHUHLQIHFWHGZLWK/<69ZKLFKFRXOGKDYH
EHHQDVLQJOHLQIHFWLRQZLWK/<69RUDPL[HGLQIHF
WLRQZLWK*DU&/9RU6/9DQGDSKLGVDUHWKHFRQ
WDPLQDWLRQYHFWRU,QDGGLWLRQ)LGDQHWDO>@KDYH
REVHUYHGV\PSWRPVRI/<69LQUrginea maritime
DKHUEDFHRXVSODQWORFDWHGQHDUWKHJDUOLFSURGXFWLRQ
VLWHVDQGKDYHFRQILUPHGXVLQJVHURORJLFDOGLDJQRVLV
WKDWWKLVSODQWZDVLQIHFWHGZLWK/<697KHVHZHHGV
ZLWKLQWKHYLFLQLW\RIWKHSURGXFWLRQDUHDVDUHDPD
MRUSUREOHPEHFDXVHWKH\KHOSWRVSUHDGWKHYLUDOGLV
HDVHVWRWKHSODQWVHDFKSHULRG&RPELQLQJWKHLQIRU
PDWLRQREWDLQHGIURPVWXGLHVDQGSRWWLQJWULDOV6/9
LV GHWHFWHG DV D V\PSWRP LQ VLQJOH LQIHFWLRQV EXW
JURZWKUHWDUGDWLRQLVGHWHFWHGLQDPRUSKRXVRUVPDOO
FORYHIRUPLQJSDUWV/<69ZDVGHWHFWHGLQVDPSOHV
VKRZLQJVLJQVRIFRQWUDFWLRQ
,QWKLVVWXG\RIWKHVDPSOHVFROOHFWHG
IURP 1RUWKHUQ &\SUXV ZHUH LQIHFWHG ZLWK 2<'9
$U\DHWDO>@KDYHUHSRUWHGWKDW2<'9LVRQHRI
WKHPDMRUYLUXVHVWKDWFDXVHGLVHDVHVLQRQLRQVDQG
JDUOLF %HFDXVH RI WKH YDULDWLRQV LQ WKH 1WHUPLQDO
UHJLRQRIWKHVKHDWKSURWHLQLQWKH2<'9JHQRPH
(/,6$IDLOHGWRGLDJQRVHWKHGLVHDVH$QDOWHUQDWLYH
PHWKRGRIGLDJQRVLVZDVDWWHPSWHGXVLQJIDVWDQGUH
OLDEOH573&5,QWKHVHVWXGLHVERWKVHURORJLFDODQG
PROHFXODU LGHQWLILFDWLRQV RI YLUXVHV ZHUH PDGH
:KLOHVWXGLHVLQWKH&]HFK5HSXEOLFVKRZHGDORZ
UDWHRI2<'9>@WKRVHLQ*UHHFHDQG,UHODQGKDYH
UHSRUWHGDKLJKUDWHRIWKHYLUXV>@,Q,UDQ>@DQG
,WDO\>@2<'9LQIHFWLRQVZHUHUHSRUWHGWREH
DQG  LQ JDUOLF SODQWV UHVSHFWLYHO\ KRZHYHU
2<'9LVUDUHO\GHWHFWHGLQJDUOLFJURZQLQ%UD]LO
7KHSUHVHQFHRI2<'9DWUHJLRQDOO\GLIIHUHQWFRQ
FHQWUDWLRQVPD\EHUHODWHGWRWKHSUHVHQFHRIDSKLGV

WKHYHFWRUWKDWFDUU\WKHYLUXVWRWKHSODQWV,QDGGL
WLRQLQ%UD]LO>@WKHXVHRIYLUXVIUHHEHHPDWHULDO
KDVEHHQUHSRUWHGWRFDXVHORZHUOHYHOVRILQIHFWLRQ
,Q RXU VWXG\ 573&5 DQG '$6(/,6$ ZHUH
XVHGWRGHWHUPLQHZKHWKHUWKHLVRODWHVVKRZHGPR
VDLFV\PSWRPVDQGZKHWKHUWKH\ZHUHLQIHFWHGZLWK
&09 DQG 709 9LUXVHV VXFK DV &09 DQG 709
KDYHDQH[WHQVLYHKRVWUDQJHDQGLQFRQVLVWHQWWUDQV
PLWWDO RI &09 E\ DSKLGV FDQ FDXVH LQIHFWLRQV LQ
PDQ\ SODQWV 7KH UHVXOWV RI RXU VWXG\ VXJJHVW WKDW
WKHVH VDPSOHV ZHUH QRW LQIHFWHG ZLWK &09 DQG
709 7KHUH DUH IHZ UHSRUWV RI &09 LQ Allium
SODQWV ZKLFK VXJJHVWV WKDW HLWKHU WKH JDUOLF SODQWV
PD\EHLQIHFWHGZLWK&09RUWKDWWHVWVDJDLQVWWKLV
YLUXV RQ JDUOLF DUH OHVV FRPPRQ 3UHYLRXV VWXGLHV
KDYH FRQILUPHG WKDW JDUOLF SODQWV DUH WKH KRVWV IRU
&09 LVRODWHV >@ ,Q DGGLWLRQ LQ WKLV VWXG\ WKH
SUHVHQFHRIYLUXVHVVXFKDV&09DQG709LQWKH
JDUOLFSURGXFWLRQDUHDVLQ1RUWKHUQ&\SUXVZDVQRW
GHWHFWHGEXWLWLVSRVVLEOHWRHQFRXQWHUWKLVYLUXVXV
LQJDXWXPQVXUYH\V/RZWHPSHUDWXUHVDUHEHOLHYHG
WRDLGWKHGHYHORSPHQWRI&09LQIHFWLRQV
7KHUPRWKHUDS\LVWKHPRVWHIIHFWLYHPHWKRGE\
ZKLFKWRSUHYHQWLQIHFWLRQVFDXVHGE\YLUXVHVLQJDU
OLFVSHFLHV6WXGLHVRQWKLVIDFWRUFRQILUPHGWKLVHQ
YLURQPHQWDO VWLPXOXV )DMDUGR HW DO >@ KDYH UH
SRUWHGWKDWWKHVHFRQGHOLPLQDWLRQRIWKHYLUXVLQWKH
UHSURGXFWLRQPDWHULDOGXULQJWKHVHFRQGJURZLQJSH
ULRGEHORQJWRWKLVYLUXV
&RQFLYHHWDO>@LQWKHLUVWXG\RQJDUOLFLQ
IHFWLRQ E\ Potyvirus Carlavirus DQG Allexivirus
VSHFLHVKDYHIRXQGWKDWYLUDOLQIHFWLRQVDUHXVXDOO\
PDQLIHVWHG LQ WKH IRUP RI PL[HG LQIHFWLRQV ZKLFK
UHVXOWVLQaORVVLQ\LHOGWKHUHIRUHWRREWDLQWKH
SURGXFWLRQ PDWHULDO IUHH RI YLUXVHV WKHUPRWKHUDS\
DQGPHULVWHPFXOWXUHPHWKRGVPXVWEHXVHG
7KHPRVWVLJQLILFDQWIDFWRUIRUFHUWLILHGVHHGLV
YLUXVIUHHJDUOLFSURGXFHGIURPSODQWVZLWKRXWVLQJOH
RUPL[HGYLUDOLQIHFWLRQV,IZHXVHGLVHDVHIUHHJDU
OLF FORYHV IRU VHHG DQG FRQVXPSWLRQ PDWHULDO ZH
FRXOGFRQWUROWKHVHYLUDOLQIHFWLRQV8VLQJGLVHDVHG
JDUOLFFORYHVPD\LQFUHDVHWKHLQIHFWLRQUDWHV,QDG
GLWLRQYLUXVYHFWRUVVXFKDVDSKLGVWKULSVDQGPLWHV
DUHDOVRDQHIIHFWLYHPHWKRGE\ZKLFKYLUDOGLVHDVHV
DUH GLVWULEXWHG LQ 1RUWKHUQ &\SUXV )DUPHUV DUH
DZDUHRIWKHYHFWRUGDPDJHKRZHYHUWKHUHDUHQR
UHJLVWHUHGSHVWLFLGHVDJDLQVWWKHVHSHVWV
,QJDUOLFSODQWVZLWKPL[HGLQIHFWLRQVVLJQLIL
FDQW YLVLEOH GDPDJH WR FORYH VWUXFWXUH FDQ EH RE
VHUYHG5HPDUNDEO\WKHVHLQIHFWHGSODQWVDUHGLIIHU
HQWLDWHGIURPRWKHUVLQWKHJDUOLFILHOGV(QWLUHYLUXV
V\PSWRPV VXFK DV GZDUILVP PRVDLF SDWWHUQV
OLJKWHUOLQHFRORUVDQG\HOORZLQJFDQEHREVHUYHGRQ
DVLQJOHSODQW
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>@ &KHQ - =KHQJ +< $QWRQLZ -) $GDPV
0- &KHQ -3 DQG /LQ /   'HWHFWLRQ
DQGFODVVLILFDWLRQRI$OOH[LYLUXVHVIURPJDUOLFLQ
&KLQD$UFK9LURO±

>@ .OXNiìNRYi-1DYUiWLO0DQG'XFKRVODY0
  1DWXUDO LQIHFWLRQ RI JDUOLF $OOLXP
VDWLYXP/ E\YLUXVHVLQWKH&]HFK5HSXEOLF-
3ODQW'LV3URWHFW±
>@.LQJ$04$GDPV0-&DUVWHQV(%DQG
/HINRZLW](-1LQWKUHSRUWRIWKHLQWHU
QDWLRQDO FRPPLWWHH RQ WD[RQRP\ RI YLUXVHV
(OVHYLHU$FDGHPLF3UHVV6DQ'LHJR86$
>@)DMDUGR 790 1LVKLMLPD 0 %XVR -$
7RUUHV $& ÈYLOD $& DQG 5HVHQGH 52
  *DUOLF YLUDO FRPSOH[ ,GHQWLILFDWLRQ RI
3RW\YLUXVHV DQG &DUODYLUXV LQ FHQWUDO %UD]LO
%UDVLOHLURGH)LWRSDWRORJLD±
>@1LJDP'/D7RXUUHWWH.6RX]D3)1DQG
*DUFLD5XL]+  *HQRPHZLGHYDULDWLRQ
LQSRW\YLUXVHV)URQW3ODQW6FL$UWLFOH
,'
>@%UXQW $$ &UDEWUHH . 'DOOZLW] 0-
*LEEV $- :DWVRQ / DQG =XUFKHU (-
  3ODQW YLUXVHV RQOLQH GHVFULSWLRQV DQG
OLVWVIURPWKH9,'(GDWDEDVH9HUVLRQWK$X
JXVWKWWSSYRELRPLUURUFQGHVFUKWP
>@'LHNPDQQ 0   )$2,3*5, 7HFKQLFDO
JXLGHOLQHVIRUWKHVDIHPRYHPHQWRIJHUPSODVP
1R $OOLXP VSS )RRG DQG $JULFXOWXUH 2U
JDQL]DWLRQRIWKH8QLWHG1DWLRQV5RPH,QWHUQD
WLRQDO3ODQW*HQHWLF5HVRXUFHV,QVWLWXWH5RPH
>@'DQLHOV-  2FFXUUHQFHRIYLUXVHVLQJDU
OLFLQWKHVWDWHRI5LR*UDQGHGH6XO%UD]LO%UD
VLOHLURGH)LWRSDWRORJLD±
>@3HURWWR 0& &DIUXQH (( DQG &RQFL 9&
 7KHHIIHFWRIDGGLWLRQDOYLUDOLQIHFWLRQV
RQJDUOLFSODQWVLQLWLDOO\LQIHFWHGZLWK$OOH[LYL
UXVHV(XU-3ODQW3DWKRO±
>@'ąEURZVND(/HZDQGRZVNL0.RF]NRGDM
6DQG3DGXFK&LFKDO(  7UDQVPLVVLRQ
RIJDUOLFYLUXV%JDUOLFYLUXV&JDUOLFYLUXV'
DQGJDUOLFYLUXV;E\$FHULDWXOLSDH .HLIHU LQ
OHHN(XU-3ODQW3DWKRO±
>@0DJJLRQL/.HOOHU-DQG$VWOH\'  
(XURSHDQFROOHFWLRQVRIYHJHWDWLYHO\SURSDJDWHG
$OOLXPUHSRUWRID:RUNVKRS0D\
*DWHUVOHEHQ*HUPDQ\SS
>@:\OLH 6- /L + DQG -RQHV 0*.  
3K\ORJHQHWLF DQDO\VLV RI $OOH[L YLUXVHV LGHQWL
ILHG RQ JDUOLF IURP $XVWUDOLD $XVWUDODV 3ODQW
'LV1RWHV±
>@9DQ 'LMN 3   9LUXV GLVHDVHV RI $OLXP
VSHFLHV DQG SURVSHFWVIRU WKHLU FRQWURO $FWD
+RUWLF
>@&HOOL0*3HURWWR0&/XFLDQL&(3R]]L
($DQG&RQFL9&  0ROHFXODUFKDUDF
WHUL]DWLRQRIWKHJDUOLFYLUXV%JHQRPHDQGHYL
GHQFHRIDOOH[LYLUXVUHFRPELQDWLRQ(XU-3ODQW
3DWKRO±

&21&/86,21

)LUVWJDUOLFJURZLQJDUHDVVKRXOGEHJLQWRSUR
GXFHFHUWLILHGYLUXVIUHHJDUOLFVHHGDQGWKLVYLUXV
IUHHSODQWPDWHULDOVKRXOGEHDYDLODEOHWRSURGXFHUV
6HFRQGVWXGLHVVKRXOGEHFRQGXFWHGZLWKYHFWRULQ
VHFWV DQG WKHLU SURSHU FRQWURO PHWKRGV LQ JDUOLF
SODQWLQJDUHDV6XLWDEOHSHVWLFLGHVNQRZQIRUHIIHF
WLYHFRQWUROVKRXOGEHOLFHQVHGIRUWKHVHYHFWRUVDQG
DSSURSULDWHWUDLQLQJWHFKQLTXHVVKRXOGEHRUJDQL]HG
IRUIDUPHUV7KHSUHVHQWTXDUDQWLQHRISODQWVSURSD
JDWHG RQO\ E\ WKH FORYH DQG WKH TXDUDQWLQH UHJXOD
WLRQVVKRXOGEHDPHQGHGWRWHVWDJDLQVWGHWHFWHGYL
UXVHV 1HZ YDULHWLHV VKRXOG EH GHYHORSHG DQG UH
VLVWDQFHLQWKHVHYDULHWLHVDJDLQVWYLUDOGLVHDVHVDQG
YHFWRUSHVWVVKRXOGEHGHWHUPLQHG


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

7KLV VWXG\ ZDV ILQDQFLDOO\ VXSSRUWHG E\ 7KH
6FLHQWLILF DQG 7HFKQRORJLFDO 5HVHDUFK &RXQFLO RI
7XUNH\ 78%,7$.  3URMHFW QXPEHU 2
7KH DXWKRUV WKDQN WR 78%,7$. IRU WKH ILQDQFLDO
VXSSRUW

&RQIOLFWVRI,QWHUHVW7KHDXWKRUVGHFODUHQR
FRQIOLFWRILQWHUHVW


5()(5(1&(6

>@ 0HGLQD-'/&DQG*DUFtD+6  *DU
OLF 3RVWKDUYHVW 2SHUDWLRQV KWWSZZZIDR
RUJILOHDGPLQ
XVHUBXSORDG
LQSKRGRFV
3RVWB+DUYHVWB&RPSHQGLXPBB*DUOLFSGI 
>@ 3DQWKHH'5.&5%5HJPL+16XEHGL
33%KDWWDUDL6DQG'KDNDO-  'LYHU
VLW\ DQDO\VLV RI JDUOLF $OOLXP VDWLYXP / 
JHUPSODVPV DYDLODEOH LQ 1HSDO EDVHG RQ PRU
SKRORJLFDOFKDUDFWHUV*HQHW5HVRXU&URS(Y
±
>@ $NDQ6  +XPDQKHDOWKEHQHILWVRIJDU
OLF Allium sativum/ FRQVXPSWLRQ$NDGHPLN
*ÕGD LQ7XUNLVK 
>@ $\D]2DQG$OSVR\&+*DUOLF $OOLXP
VDWLYXP  DQG WUDGLWLRQDO PHGLFLQH 7UNL\H
3DUD]LWRORML'HUJLVL
>@ <ÕOPD]1$ODV7DQG$EDN.  &RO
OHFWLRQ RI /RFDO 9HJHWDEOHV *HQRW\SHV ZLWK
7KHLU :LOG 5HODWLYHV LQ 1RUWK &\SUXV $FWD
+RUWLF
>@ )$2   6WDWLVWLFDO GDWDEDVH KWWSIDR
VWDWIDRRUJ$FFHVVHGGDWH-XO\
>@ ø3ù  $JULFXOWXUDO6WUXFWXUHVDQG3URGXF
WLRQ 6WDWLVWLFDO GDWDEDVH $FFHVVHG  -XO\
 LQ7XUNLVK 
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>@)LGDQ +   'HWHFWLRQ RI PDLQ YLUXV
GLVHDVHV RQ JDUOLF RQLRQ DQG OHHN SODQWV DQG
GHWHUPLQDWLRQRIUHDFWLRQRI7DúN|SUJDUOLF
W\SHV DJDLQVW WR FRPPRQ YLUXV GLVHDVHV LQ
7XUNH\3K'7KHVLVdXNXURYD8QLYHUVLW\
SS
>@3UHVWLQJ ** 6PLWK 23 DQG %URZQ &5
 5HVLVWDQFHWRSRWDWROHDIUROOYLUXVLQSR
WDWR SODQWV WUDQVIRUPHG ZLWK WKH FRDW SURWHLQ
JHQH RU ZLWK YHFWRU FRQWURO FRQVWUXFWV 3K\WR
SDWKRORJ\
>@+HOOLHU%&DQG'XJDQ)0  )LUVWUH
SRUWRIRQLRQ\HOORZGZDUIYLUXV/HHN\HOORZ
VWULSHYLUXVDQG*DUOLFFRPPRQODWHQWYLUXVLQ
*DUOLFLQ:DVKLQJWRQ6WDWH3ODQW'LVHDVHV

>@&DIUXQH (( 3HURWWR 0& DQG &RQFL 9&
  (IIHFW RI WZR $OOH[LYLUXV LVRODWHV RQ
JDUOLF\LHOG3ODQW'LV
>@9DQ 'LMN 3   &DUODYLUXV LVRODWHV 6RP
FXOWLYDWHG $OOLXP VSHFLHV UHSUHVHQW WKUHH
YLUXVHV1HWK-3ODQW3DWKRO
>@)LGDQ+DQG.Ro*  2FFXUUHQFHRIDU
WLFKRNH ODWHQW SRW\YLUXV $5/9  DQG WRPDWR
VSRWWHGZLOWYLUXV 76:9 DVPL[HGLQIHFWLRQLQ
DUWLFKRNHSURGXFWLRQDUHDV$SSO(FRO(QYLURQ
5HV
>@6KDKUDHHQ1/HVHPDQQ'(DQG*KRWEL7
  6XUYH\ IRU YLUXVHV LQIHFWLQJ RQLRQ
JDUOLFDQGOHHNFURSVLQ,UDQ(332%XOOHWLQ
±
>@)LGDQ+DQG%DOR÷OX6  )LUVWUHSRUWRI
JDUOLFFRPPRQODWHQWYLUXVLQJDUOLFLQ7XUNH\
-3ODQW3DWKRO
>@'RYDV&,DQG9RYODV&  9LUXVHVLQ
IHFWLQJ $OOLXP VSS LQ VRXWKHUQ ,WDO\ - 3ODQW
3DWKRO
>@'RYDV&,+DW]LORXNDV(6DORPRQ5%DUJ
( 6KLEROHWK < DQG .DWLV 1,   ,QFL
GHQFH RI YLUXVHV LQIHFWLQJ $OOLXP VSS LQ
*UHHFH-3K\WRSDWKRO±
>@3UDPHVK'DQG%DUDQZDO9.  0ROHF
XODU FKDUDFWHUL]DWLRQ RI FRDW SURWHLQ JHQH RI
*DUOLFFRPPRQODWHQWYLUXVLVRODWHVIURP,QGLD
DQHYLGHQFHIRUGLVWLQFWSK\ORJHQ\DQGUHFRP
ELQDWLRQ9LUXV*HQHV±
>@)LGDQ+&DJODU%.%DORJOX6DQG<LOPD]
0$   8UJLQHD PDULWLPD /  LV D QHZ
KRVW RI $OOH[LYLUXV JURXS RQ RQLRQ DQG JDUOLF
SODQWV LQ 7XUNH\ WK ,QWHUQDWLRQDO 6\PSR
VLXPRQ)ORZHU%XOEVDQG+HUEDFHRXV3HUHQQL
DOV$QWDO\D7XUNH\0DUFK$SULO
O  
>@$U\D 0 %DUDQZDO 9. $KODZDW <6 DQG
6LQJK/  573&5GHWHFWLRQDQGPROHF
XODUFKDUDFWHUL]DWLRQRIRQLRQ\HOORZGZDUIYL
UXVDVVRFLDWHGZLWKJDUOLFDQGRQLRQ&XUU6FL


>@)D\DG$QGUp 0 GH 6 'XVL $1 DQG
5HVHQGH 52   6SUHDG RI YLUXVHV LQ
JDUOLF ILHOGV FXOWLYDWHG XQGHU GLIIHUHQW
DJULFXOWXUDOSURGXFWLRQV\VWHPVLQ%UD]LO7URS
3ODQW3DWKRO±
>@'HOHFROOH%DQG/RW+  9LUXVGLVHDVH
RIJDUOLFHYROXWLRQRIUHVHDUFKDQGIXUWKHUSUR
VSHFWV $EVWU UG &RQI ,6+6:RUNLQJ JURXS
RQYHJHWDEOHYLUXVHV%DUL
>@&RQFLYH9&3HURWWR0&DQG&DIUXQH(3
  /XQHOOR SURJUDP IRU LQWHQVLYH SURGXF
WLRQRIYLUXVIUHHJDUOLFSODQWV,6+6$FWD+RUWL
,9,QWHUQDWLRQDO6\PSRVLXPRQ(GLEOH$O
OLDFHDH
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ABSTRACT

INTRODUCTION

To study the effect of airborne particulate
matter pollution on the cardiopulmonary function of
high-intensity training basketball players, this study
selects sports university basketball players as the
experimental subjects and divides them into 3 groups
evenly. Group A is to participate in high-intensity
training in airborne particulate pollution areas, group
B is not to participate in high-intensity training in
airborne particulate pollution areas, and group C is
not to participate in physical exercise in pollutionfree areas. The cardiopulmonary function indicators
of the three groups of athletes were tested by the
Minolta Pulmonary Function Automatic Analyzer
and Automatic Cardiovascular Function Tester. The
HR, VC, DP, MAP, and PP of the athletes in group

Basketball has always been people's favorite
sport, and the basketball in China has a history of
more than 100 years of development. In recent years,
basketball has developed rapidly, and more and more
people love basketball. Therefore, a large number of
excellent basketball players have been cultivated [13].
With the rapid economic development and the
continuous improvement of people's living
standards, harmful gases such as factory and
automobile exhaust are becoming more and more
serious in air pollution [4]. Among them, airborne
particulate matter is the main pollutant, including
fine particulate matter and particulate matter. Fine
particulate matter refers to particulate matter with an
aerodynamic equivalent diameter of less than 2.5
microns, namely PM2.5. PM2.5 is harmful to the
human respiratory system and cardiovascular system
[5-6]. In order to maintain normal life activities and
physiological functions, the human body needs to
constantly inhale outside air. Therefore, the quality
of air directly affects people's health. The fine
particles in the air enter the human body through the
respiratory system, deposit in the respiratory tract
and alveoli, stimulate the alveolar wall, weaken the
defense function of the respiratory tract, use the lung
ventilation function to diffuse into the blood, and
ultimately lead to a decline in cardiopulmonary
function indicators and cause diseases [7].
High-intensity training is a kind of training that
allows people to perform full, fast, explosive
exercise in a short time. This training allows
basketball players to increase their heart rate and
burn more calories in a short period of time, so that
the body's oxygen intake increases [8]. If basketball
players perform high-intensity training under air
pollution, as the breathing speeds up and deepens,
the lung ventilation increases and the breathing
method changes, due to the large amount of oxygen
demand, the inhalation of a large number of
pollutants in the air will affect the cardiopulmonary
function[9-10].

A were inferior to those in groups B and C (Pʽ
0.05). In the VO2max state, the VO2max, VO2max/kg,
O2P and METs of the athletes in group A
significantly reduced, and EQO2 and Watt indicators
are significantly improved. High PM2.5
concentration will weaken the function of small
airways. Under the high-intensity training, VC,
ERV, FEV1.0, and MMF that reflect the large
airway function of basketball players show
significant negative effects before and after exercise.
High PM2.5 concentration will cause the athlete's
myocardial contractility, ventricular filling rate
recovery ability and VO2 gas metabolism ability to
decline. Airborne particulate matter pollution
seriously affects the cardiopulmonary function of
high-intensity training basketball players. The higher
the pollution concentration, the greater the effect of
the cardiopulmonary function.

KEYWORDS:
Air pollution, PM2.5 concentration, high-intensity
training, cardiopulmonary function, hysteresis
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TABLE 2
Description of test indicators for cardiopulmonary function
Analysis project
HR
VC
SP
DP
PP
MAP
VO2max
VO2max/kg
O2P
METs

Unit
b/min
ml
mmHg
mmHg
mmHg
mmHg
ml/min
ml·kg-1·min-1
ml/b
-

DV/TV

-

EQO2
Watt
VEmax
RFmax
Hrr
PEP/LVET
SV/DT
SV
CO
FVC
FEV1.0
PEF
FEF75

L/min
best/min
%
ml
L
L
L
L/s
L/s

FEF25

L/s

Psychological investigations have shown
that athletes in high-intensity training will have
symptoms such as physical disorder and
psychological anxiety in the polluted environment,
which affects the training effect and physical health
of the athletes [11-13]. Therefore, this article
analyzes the impact of PM2.5 concentration and
high-intensity training on the cardiopulmonary
function of basketball players by comparing the
changes in the cardiopulmonary index of basketball
players under different PM2.5 concentrations and
different intensity training.

Explain
Heart rate
Vital capacity
Systolic pressure
Diastolic blood pressure
Pulse pressure
Mean arterial pressure
Absolute maximum oxygen uptake
Relative maximum oxygen uptake
Oxygen pulse
Metabolic equivalent
Ratio of physiological dead space to tidal
volume
Oxygen ventilation equivalent
Amount of exercise
Maximal voluntary ventilation
Maximum respiratory rate
Heart rate recovery
Measure myocardial contractility
Measure ventricular filling rate
Stroke volume
Cardiac output
Forced vital capacity
Forced vital capacity in the first second
Forced vital capacity expiratory flow rate
75% FVC forced expiratory flow
25% FVC forced expiratory flow

TABLE 1
Status of athletes tested
Group
Number
of people
Age
Height

A

B

C

10

10

10

22.1±2.2
190.2±4.1

23.1±1.3
187.5±2.3

24.1±0.8
184.3±1.5

7HVW൴QJ൴QG൴FDWRUVThe main testing indicators
include HR, VC, SP, DP, etc. See Table 2 for details.
&DUG൴RSXOPRQDU\ IXQFW൴RQ WHVW PHWKRGV
The cardiopulmonary exercise test is a
comprehensive measurement and evaluation of the
tester's cardiopulmonary function under a certain
amount of exercise and exercise intensity. It is a
dynamic method to detect the level of human
respiratory and circulatory function, which perfects
the shortcomings of static cardiopulmonary function
detection in the past [14-15]. Professional and
technical personnel use the imported Japanese
American Minor lung function automatic analysis
tester AS-507, telemetry heart rate monitor (polarTeamPro) and automatic cardiovascular function
tester ZXG-G to test the athlete's cardiopulmonary
function. We designed for the same group of
basketball players 4 days a week for 2 weeks of
training content [16], analyzed the impact of
different PM2.5 (particles with a diameter close to
25×10 -6m) concentration and training intensity on
cardiopulmonary function of three groups of
basketball players. The test indicators are shown in

MATERIALS AND METHODS
Research objects. Thirty male basketball
players from a sports college are selected as the
research objects. Divide them into groups A, B, and
C, each with 10 people. Among them, group A is
basketball players who participate in high-intensity
training in airborne particulate pollution areas, group
B is basketball players who do not participate in
high-intensity training in airborne particulate
pollution areas, and group C is basketball players
who do not participate in training indoors without air
pollution. The 30 study subjects are all 18-28 years
old and in good health. The conditions of the tested
athletes are shown in Table 1.
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METs are significantly reduced, and EQO2 and Watt
indicators are significantly improved.

Table 2, and the training content is shown in Table 3.
6WDW൴VW൴FDO DQDO\V൴V Experimental data
statistics use SPSS19.0 software, and input the data
measured by 30 basketball players under different
PM2.5 concentrations for different intensity training
into SPSS, and perform statistical analysis based on
the data [17]. According to the relationship between
paired sample T test and pearson, the influence of
different PM2.5 concentrations on cardiopulmonary
function indexes of basketball players under highintensity training is analyzed. Using the ridge
regression model, the impact of increasing PM2.5
concentration in a single day lag 0-3 days on the
cardiopulmonary function of basketball players
before and after exercise was analyzed.

&RPSDU൴VRQ RI RWKHU ൴QG൴FDWRUV The
comparison values of other indicators of the three
groups of athletes are shown in Table 6. The
indicator Hrr is the heart rate recovery value, which
can prevent errors in the detection results due to
different basal heart rates. The comparison results of
the three index values of DT, HR, and Hrr of the
three groups of athletes indicate: When the value of
DT (sport duration) is compared between group A
and group B, group A is longer than group B
(P<0.05). Within 1 minute after the end of the test,
there was no significant difference between the HR
values of the three groups (P>0.05). Among the three
groups, athletes in group A had the slowest heart rate
recovery, and the difference was significant

RESULTS AND DISCUSSION

compared with group C (Pʽ0.05).

&RPSDU൴VRQ RI WKUHH JURXSV RI DWKOHWHV 
KHDUW DQG OXQJ IXQFW൴RQ ൴QG൴FDWRUV The
experimental test lasts for three months, and the
statistics of the cardiopulmonary function indexes of
the basketball players in groups A, B, and C are
described in Table 4. According to the results of the
three groups of index data, the HR index values of
the athletes in group A are significantly lower than

TABLE 6
Comparison of other indicators
in three groups of athletes
Group
DT
HR
Hrr (%)
Group A
10.8± 0.6Ÿ
126 ± 10.9
47.6± 6.4*
Group B
9.7 ± 1.1
122.4 ± 17.4
52.4± 7.4
Group C
10.7 ± 1.3
118.9± 9.8
54.7± 7.5
*P<0.05, compared with group &Ÿ3FRPSDUHG
with group B.

the other two groups (P ʽ0.05), the VC and DP
index values are higher than the other two groups (P

7KH ൴QIOXHQFH RI G൴IIHUHQW 30
FRQFHQWUDW൴RQV RQ WKH OXQJ IXQFW൴RQ ൴QGH[HV RI
basketball players. Based on the above research,
further research has been done on the impact of
group A basketball players on lung function
indicators under different PM2.5 concentrations, and
PM2.5 is divided into high, medium and low
concentrations [18-20]. According to the various
lung function indexes obtained by the training
intensity and the corresponding PM2.5 concentration value, the paired sample test is performed to
obtain the average level of the cardiopulmonary
function of the athletes in group A under different
PM2.5 concentration for high-intensity training. The
measured value percentage and the predicted value
is expressed as a percentage. The results are shown
in Table 7. The air pollution concentration judgment
standard is based on the national 2016
LPSOHPHQWDWLRQ VWDQGDUG 30!ȝP3 as the
KLJKFRQFHQWUDWLRQJURXS30ȝP3 as the
low concentration group. Pulmonary ventilatory
dysfunction is mainly determined by lung function
test indicators FEV1.0% and FEF25. Usually
FEV1.0% less than 80% is abnormal lung ventilation
function, FEF25 less than 80% and FEV1.0% greater
than 80% is small airway function weakening.
The test results showed that athletes in the high
PM2.5 concentration group and the middle PM2.5
concentration group after intense exercise detected
that the index FEF25 was less than 80% and

ʽ0.01), and the SP index values are not significantly
different. There is a significant difference between
PP and MAP among the three groups (Pʽ0.01). The
PP index value of group A is the lowest and the MAP
index value is the highest. The experimental results
show that the various indicators of cardiopulmonary
function of athletes in group A are inferior to those
of groups B and C in a quiet state, which proves that
airborne particulate matter pollution will affect the
cardiopulmonary function of athletes.
Table 5 shows the comparison results of
various cardiopulmonary function indexes of the
three groups of athletes in the VO2max state. Analysis
of the data in Table 5 shows that in the VO2max state,
the four indicators of VO2max, VO2max/kg, O2P and
METs of the athletes in the groups A and B are lower
than those in the group C, and the difference is
significant (P<0.05, P<0.01). The EQO2 index value
of athletes is the highest, group B is the second,
group C is the worst, and the difference between
group A and group C is significant (P<0.05). The
Watt of athletes in group A and C was significantly
higher than that of athletes in group B (P<0.05). The
differences among the four indicators of HR,
DV/TV, Vemax and Rfmax of the three groups of
athletes were not significant (P>0.05). The
experimental results show that the athletes in group
A are most affected by airborne particulate pollution
in the VO2max state. VO2max, VO2max/kg, O2P and
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FEV1.0% was greater than 80%, indicating signs of
weakening of small airway function. The athletes in
the low PM2.5 concentration group found no signs
of weakening [21]. Therefore, it can be inferred that
PM2.5 concentration under high-intensity training
has an effect on the cardiopulmonary function of

athletes. High PM2.5 concentration can lead to
weakened small airway function. Table 8 and
Table 9 show the hysteresis effects of increasing the
concentration of PM2.5 before and after exercise on
various indicators of athletes’ lung function.

TABLE 3
Training Content and Strength
Week

One

Three

Training content

Speed

Power

Training methods

200m+300m+400m

Training arrangement

3 groups

Five
Pedal (load power
car)

Raise your
legs 50 times,
run 100 meters
with weights,
swing arms 35
times with
weights, and
leapfrog 200
meters
5 groups

Seven
Power

Stretching for 5
minutes, load 60W for
3 minutes, 90W rapid
pedaling until
exhaustion, exercise
for 5 minutes without
load

Snatch 50%/9
reps, squat
60%/7 reps,
high turn
70%/8 reps

1 groups

5 groups

TABLE 4
Comparison of Cardiopulmonary Function Indicators in Quiet State
Index
Group A
Group B
Group C

HR
66.8±
7.8ŸŸ
80.7 ±6.3**
71.6 ±3.4

VC
4152.9±
635.2ŸŸ
3538.2± 407.4
3887.2 ± 439.9

SP

DP

107.6± 6.6
105.6± 7.2
105.1 ±3.5

77 .4± 2.7

PP
Ÿ

90.1± 4.8*

40.2± 4.4
42.4 ±3.9

86.7± 6.1
86.1± 3.7

37.0

73.2± 4.5*
71.6± 3.3

MAP

±3.2*

Note: *Pʽ0.05, **PʽFRPSDUHGZLWKJURXS&ŸŸ3ʽ0.01, compared with group B.

7$%/(
Comparison of Cardiopulmonary VOPD[ Status
Index
HR
VO2max
VO2max/kg
O2P
METs
DV/TV
EQO2
Watt
VEmax
RFmax

Group A
181.6±8.5

Group B
181.6±9.9

Group C
182.8±7.7

2476.3±343.3**

2662.7±579.2**

2909.2±341.9

38.5±5.6**

34.5±6.7**

16.2±2.8*
11.7±1.7**
0.36±0.09
50.7±6.5*
217.8±38.7Ÿ
95.5±22.0
44.2±7.3

14.9±2.5**
9.6±2.0**
0.36±0.08
45.2±9.4*
191.1±28.1*
81.9±17.9
41.6±5.3

46.3±7.0
18.3±2.5
14.3±1.7
0.37±0.07
38.0±6.7
221.1±24.6
94.1±22.4
45.3±10.6

TABLE 7
&RPSDULVRQRI&DUGLRSXOPRQDU\)XQFWLRQ,QGH[HVLQ6WURQJ([HUFLVH
High PM2.5 concentration
Medium PM2.5 concentration
Low PM2.5 concentration
group
group
group
PM2.5
107.4± 23.2
56.9 ±9.1
21.3 ±6.4
VC
110.5± 2.4 ŸŸ
110.9± 1.7*
111.7 ±2.4
FVC
103.4± 5.7
103.6± 3.3
106.9± 4.1
FEV1.0
95.4± 2.3ŸŸ
96.3± 2.3ŸŸ
97.7 ±2.3
FEV1.0%
106.9±3.7 ŸŸ
108.4± 1.8
110.4± 3.6
PEF
89.3± 2.9 ŸŸ
92.5± 2.6*
95.9± 8.3
ŸŸ
FEF75
86.1 ±11.7
87.8 ±4.5*
90.7 ±10.9
77.2± 12.4
76.3± 13.8
80.4± 17.8
FEF25
*P˘0.05, **P˘FRPSDUHGZLWKWKHPHGLXP30FRQFHQWUDWLRQJURXSŸŸ3˘Ÿ3˘0.05, compared with the
low PM2.5 concentration group.
Index
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TABLE 8
/DJJLQJ(IIHFW  RI(OHYDWHG30&RQFHQWUDWLRQRQ&DUGLRSXOPRQDU\
)XQFWLRQRI$WKOHWHVEHIRUH([HUFLVH
Index

UC0

UC1

UC2

UC3

VC

᥊3.46

*

2.11

᥊2.51

᥊1.19

ERV

᥊3.77

᥊2.85

᥊1.73

2.74

FEV1.0

᥊4.01

*

᥊2.79

᥊2.09

2.75

FEV1.0%

᥊2.19

᥊2.72

᥊2.23*

᥊4.79

MMF

᥊3.04

*

᥊1.47

᥊4.75

᥊2.25

PEF

᥊4.05

᥊1.85

᥊1.99

3.34

FEF75

᥊2.45

1.72

᥊3.81

3.83

FEF25

᥊4.31

1.09

᥊2.14

3.39

FEF50

᥊4.91

1.84

᥊2.66

᥊3.34

FVC

᥊1.71

3.13

3.33

2.51

*Pʽ0.05, **Pʽ0.01

TABLE 9
/DJJLQJ(IIHFW  RI(OHYDWHG30&RQFHQWUDWLRQRQ&DUGLRSXOPRQDU\)XQFWLRQRI$WKOHWHV
Index

UC0

UC1

UC2

UC3

VC

᥊3.82

2.01

᥊5.37*

᥊0.72

᥊1.51

3.71

*

ERV

᥊1.04

᥊4.02

FEV1.0

᥊3.81

0.31

᥊2.34

᥊4.58**

FEV1.0%

᥊2.03

᥊2.22

᥊5.39*

᥊1.71

MMF

᥊1.45

᥊3.66

᥊1.53

᥊3.68**

PEF

᥊1.81

᥊3.64

᥊0.34

3.72

FEF25

᥊4.22

᥊1.81

᥊3.26

2.34

FEF50

᥊3.61

᥊3.33

᥊3.31

1.31

FEF75

᥊1.04

᥊3.61

᥊1.71

3.61

FVC

1.42

2.65

4.23

3.61

*P˘0.05, **P˘0.01

Before exercise, IRUHYHU\ȝJP3 increase in
PM2.5 concentration, Table 8 reflects the large
airway indicators VC, ERV, FEV1.0, MMF and the
small airway function indicators PEF, FEF50,
FEF25 decrease on the day (P<0.05). After exercise,
IRUHYHU\ȝJP3 increase in PM2.5 concentration,
the indicators VC, FEV1.0%, and ERV decrease
significantly after a lag of 2 days (UC2) and a day of
lag (UC1), and the decreased values were ε5.37, ε
5.39 and -4.02 ,respectively. FEV1.0 and MMF
dropped to -4.58 and -3.68 (P<0.01), respectively
after 3 days lag (UC3), reaching the lowest value in
three days. The test results shown in Table 8 and
Table 9 show that the increase in PM2.5
concentration will affect the level of lung function
and the large and small airway indicators will
decrease to varying degrees. The experimental
results show that under high-intensity training,
different PM2.5 concentrations have varying degrees
of short-term negative effects on some indicators
reflecting the athletes’ large airway and small airway
functions. FEV1.0, MMF have significant negative

effects before and after exercise [22-23]. Therefore,
airborne particulate matter pollution seriously
affects the lung function of high-intensity training
basketball players. The higher the pollution degree,
the greater the lung function damage.
7KH ൴PSDFW RI G൴IIHUHQW 30
FRQFHQWUDW൴RQV RQ DWKOHWHV  FDUG൴DF IXQFW൴RQ
൴QG൴FDWRUVWe select athletes of group A to conduct
a large-volume basketball training under different
PM2.5 concentrations, measure PEP/LVET, SV/DT,
and related hemodynamic parameters of heart
function every 1 min (total 5 min) to measure the
effect of the different PM2.5 concentration on the
cardiac function indexes of athletes before and after
exercise and in the recovery phase after exercise. The
experimental results are shown in )൴JXUHV and 2.
When the time is 0, it means before exercise, 1-5 min
is the high-intensity basketball training process, and
6-10 min is the recovery process after training.
In )൴JXUH , PEP/LVET can effectively
measure the athlete's myocardial contractility, and
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there is a significant negative correlation between
the two. The PEP/LVET value of the three groups of
athletes under different PM2.5 concentrations
gradually decrease during the high-intensity training
process [24-26]. At the 5th minute, that is, after the
training, the PEP/LVET value drops to the lowest
(P<0.05). During the recovery period, the ratio of
PEP/LVET gradually increases (P<0.05). The
PEP/LVET value of the low PM2.5 concentration
group is significantly higher than that of the medium
PM2.5 concentration group and the high PM2.5
concentration group (P<0.05). This shows that after
high-intensity basketball training under the pollution
of suspended particulates in the atmosphere, the
athletes' myocardial contractility decreased
significantly, especially in the high PM2.5
concentration group.

-1
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FIGURE 1
PEP /LVET Time history changes.
In )൴JXUH , the ratio of SV to DT can
effectively measure the ventricular filling rate, and
there is a significant positive correlation between the
two. The SV/DT value of the three groups of athletes
under different PM2.5 concentrations gradually
increases during the high-intensity training process.
At the 5th minute, that is, after the training, the
SV/DT value rises to the highest (P<0.05). During
the recovery period, the SV/DT value gradually
decreases (P<0.05). The SV/DT value of the low
PM2.5 concentration group is significantly higher
than the medium PM2.5 concentration group and the
high PM2.5 concentration group (P<0.05). It shows
that after high-intensity basketball training under the
pollution of airborne particulate matter, the recovery
of ventricular filling rate of athletes with low PM2.5
concentration is significantly better than that of the
other two groups (P<0.05).

FIGURE 3
VO2 Time history changes.
Analysis of the data in Figure 3 shows that after
the start of training, the VO2 of the three groups of
athletes with different PM2.5 concentrations
gradually increases during the high-intensity training
process. At the 5th minute, that is, after the end of
the training, the VO2 reaches the maximum. The
recovery process after the exercise, the VO2 of the
medium and low PM2.5 concentration groups is
significantly higher than that of the medium and high
PM2.5 concentration groups (P<0.05). The
experimental results show that basketball players
who are trained in a low PM2.5 concentration
environment have stronger VO2 gas metabolism
ability, which is significantly better than the other
two groups (P<0.05).

7KH ൴QIOXHQFH RI G൴IIHUHQW 30
FRQFHQWUDW൴RQV RQ WKH FKDQJHV RI DWKOHWHV  JDV
PHWDERO൴VPSDUDPHWHUV)൴JXUH shows the timecourse changes of the gas metabolism parameters of
the three groups of athletes undergoing highintensity basketball training under different PM2.5
concentrations [27-29].

CONCLUSIONS
The global environment continues to
deteriorate, and the concentration of atmospheric
particles in haze environment is high, which has a
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great impact on people's physical and mental health.
Related research results show that basketball players
in a game of super-intensive exercise can account for

[4] Mentese, S. (2019) Spatial and temporal variation of air pollution: The case of the Marmara
Region. Fresen. Environ. Bull. 28(5), 36263636.
[5] Thomas, M., Tommaso, G., Sadeer, A., John,
D., Jos, L., Andreas, D., Sanjay, R. (2018) Effects of gaseous and solid constituents of air pollution on endothelial function. European Heart
Journal. 39(38), 3543-3550.
[6] Wang, Z., Li, Y., Xu, T., Fu, J., Pang, W., Jiang,
Y. (2018) Acute injury and mechanisms of cardiovascular system induced by exposure to fine
particulate matter in rats. Journal of Environment and Health. 35(11), 962-965+1034.
[7] Ke, Z., Tan, Y., Huang, L., Liu, J., Xiang, C.,
Zhao, C., Zhang, J. (2019) Significantly depleted 15N in suspended particulate organic
matter indicating a strong influence of sewage
loading in Daya Bay, China. Science of The Total Environment. 650(1), 759-768.
[8] Fan, P., Peng, Q. (2018) Effects of Sodium Bicarbonate Supplement on Physiological Stress
and Exercise Performance during High-Intensity Interval Training in Male Basketball Athletes. Journal of Guangzhou Sport University.
38(03), 97-102.
[9] Ingul, C., Dias, K., Tjonna, A., Follestad, T.,
Hosseini, M., Timilsina, A., Hollekim-Strand,
S., Ro, T., Davies, P., Cain, P., Leong, G.,
Coombes, J. (2018) Effect of High Intensity Interval Training on Cardiac Function in Children
with Obesity: A Randomised Controlled Trial.
Progress in Cardiovascular Diseases. 61(02),
214-221.
[10] Zhou, L., Chen, J., Lu, A., Zhang, L. (2018) The
effect of short-term exposure of airborne fine
particulate matters on pupil's lung function in
Chengdu urban area. Modern Preventive Medicine. 45(02), 224-227+233.
[11] Tian, Z., Liu, X. (2018) Influence of Polycyclic
Aromatic Hydrocarbons (PAHs) from the Environment on Organisms and Their Bioremediation Effect. Environmental Science & Technology. 41(12), 79-89.
[12] Shi, X., Zhang, H., Yan, X. (2017) Research
progress on airway mucus hypersecretion
caused by airborne particulate matter. Guangdong Medical Journal. 38(S1), 279-281.
[13] Yoshiko, Y., Hiroshi, T., Junko, W., Takeshi, I.,
Ryohei, N., Yosuke, H., Takatoshi, H., Masayuki, S. (2019) Stronger association between
particulate air pollution and pulmonary function
among healthy students in fall than in spring.
The Science of the Total Environment. 675,
483-489.
[14] Liu, Y., Li, Q. (2017) Effect on Athletes' Body
by Training of High Strength and High Load of
Body Building. Journal of Xi'an Institute of
Physical Education. 34(03), 328-335.

11.2% ʛ 18.8% of the total travel distance.
Therefore, strong cardiopulmonary function is the
key to ensuring basketball players win the game.
By testing 30 basketball players under highintensity training under different PM2.5
concentrations, it is found that the cardiopulmonary
function of basketball players under high-intensity
training under high PM2.5 concentration is
significantly worse than that of medium and low
PM2.5 concentrations. From the monitoring data
with the increase of PM2.5 concentration after
exercise, it can also be seen that the airway function
indicators of basketball players have negative effects
and lag. Especially after high-intensity training, the
increase of PM2.5 concentration has a significant
impact on the atmospheric tract indicators. At the
same time, with the increase of PM2.5 concentration,
the basketball players' myocardial function
indicators and gas metabolism ability show a
significant decline. Therefore, it can be concluded
that airborne particulate matter pollution has a
greater impact on the cardiopulmonary function of
high-intensity training basketball players and affects
the basketball players' physical health and training
effects.
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7KH *XDQWDR )RUPDWLRQ LQ %ORFN  RI
6KDQMLDVL 2LOILHOG LV D KHDY\ RLO UHVHUYRLU 7KH
FXUUHQW PDLQ SURGXFWLRQ PHWKRG LV PRVWO\ WKHUPDO
RLO SURGXFWLRQ EXW WKH WKLFNQHVV RI WKH IRUPDWLRQ
EDUULHU LV ODUJH DQG WKH KHDW ORVV LV KLJK ZKLFK
DIIHFWVWKHGHYHORSPHQWHIIHFW,QWKLVVWXG\WKHXVH
RIKHDY\RLODFWLYDWHGZDWHULQVWHDGRIKRWZDWHUFDQ
PDNH XS IRU WKH SRRU GLVSODFHPHQW HIILFLHQF\ RI D
VLQJOHKRWZDWHUDQGLQFUHDVHWKHUHFRYHU\IDFWRURI
KHDY\RLOUHVHUYRLUVLQFRQMXQFWLRQZLWKKHDWLQJ,Q
WKLV SDSHU WKH YLVFRVLW\ UHGXFWLRQ SHUIRUPDQFH
LQWHUIDFH SHUIRUPDQFH DQG ORQJWHUP WKHUPDO
VWDELOLW\ RI WKUHH QHZ W\SHV RI KHDY\ RLO DFWLYDWHG
ZDWHUDUHHYDOXDWHGDQGWKHEHVWKHDY\RLODFWLYDWHG
ZDWHU V\VWHP LV VHOHFWHG 7KH LQIOXHQFH RI WKH
FRQFHQWUDWLRQDQGWHPSHUDWXUHRIKHDY\RLODFWLYDWHG
ZDWHURQWKHYLVFRVLW\UHGXFWLRQSHUIRUPDQFHRIWKH
V\VWHP LV VWXGLHG 6DQGSDFNLQJ WXEH IORRGLQJ
H[SHULPHQWVDUHXVHGWRVWXG\WKHHIIHFWRIKHDY\RLO
DFWLYDWHG KRW ZDWHU IORRGLQJ DW GLIIHUHQW
WHPSHUDWXUHV WR HQKDQFH RLO UHFRYHU\ 7KH UHVXOWV
VKRZ WKDW ;' KHDY\ RLO DFWLYDWHG ZDWHU KDV WKH
EHVW YLVFRVLW\ UHGXFWLRQ SHUIRUPDQFH DQG WKH
YLVFRVLW\UHGXFWLRQHIIHFWGHFUHDVHVZLWKWKHLQFUHDVH
RIWHPSHUDWXUH:KHQLWVFRQFHQWUDWLRQLVSSP
WKHYLVFRVLW\UHGXFWLRQHIIHFWLVEHWWHU,QFUHDVLQJWKH
FRQFHQWUDWLRQ FRXOG UHGXFH WKH YLVFRVLW\ UHGXFWLRQ
UDWH 7KH HQKDQFHG RLOUHFRYHU\ YDOXHRIKHDY\ RLO
DFWLYDWHGZDWHUIORRGLQJLQFUHDVHVZLWKWKHLQFUHDVH
RI WHPSHUDWXUH EXW WKH HIILFLHQF\ RI WKH KHDY\ RLO
DFWLYDWHG ZDWHU EHFRPHV ZRUVH 7KH KLJKHVW
HIILFLHQF\DW&LVDQGWKHKLJKHVWYDOXHDW
&LV



RIFROORLGDODVSKDOWHQHKHDY\RLOLVQRWHDV\WRIORZ
LQ WKH IRUPDWLRQ ZHOOERUH DQG WUDQVSRUWDWLRQ
SLSHOLQHV$WWKHVDPHWLPHWKHZDWHUWRRLOPRELOLW\
UDWLR LV KLJK ZKLFK HDVLO\ OHDGV WR VKRUW ZDWHUOHVV
UHFRYHU\ SHULRGVTXLFN ZDWHU EUHDNWKURXJK LQ RLO
ZHOOV+LJKZDWHUFRQWHQWRISURGXFHGIOXLGDQGHDV\
IRUPDWLRQRIVDQGZKLFKPDNHKHDY\RLOSURGXFWLRQ
GLIILFXOW DQG H[SHQVLYH >@ 7KHUHIRUH KRZ WR
HIIHFWLYHO\ LPSURYH WKH RLO UHFRYHU\ RI KHDY\ RLO
UHVHUYRLUV LV DQ LPSRUWDQW JXDUDQWHH IRU RLOILHOG
GHYHORSPHQW7KHGHYHORSPHQWRIKHDY\RLOPDLQO\
LQFOXGHV KHDY\ RLO FROG UHFRYHU\ DQG WKHUPDO
UHFRYHU\ >@ +HDY\ RLO FROG UHFRYHU\ PDLQO\
LQYROYHV DGGLQJ YLVFRVLW\ UHGXFHUV DQG RWKHU
FKHPLFDODJHQWVWRUHGXFHWKHYLVFRVLW\RIFUXGHRLO
DQG WKH UHFRYHU\ UDWH LV ORZ >@ 7KH WKHUPDO
UHFRYHU\RIKHDY\RLOXVHVWKHLQMHFWLRQRIWKHUPDO
IOXLGWRKHDWWKHUHVHUYRLUWRUHGXFHWKHYLVFRVLW\RI
FUXGHRLO>@7KHWKHUPDOUHFRYHU\PHWKRGVRI
KHDY\RLOPDLQO\LQFOXGHKRWZDWHUIORRGLQJVWHDP
VWLPXODWLRQ VWHDP IORRGLQJ VWHDP DVVLVWHG JUDYLW\
GUDLQDJH 6*' DQGEXUQLQJRLOUHVHUYRLUV>@
+RWZDWHUIORRGLQJZDVSXWLQWRXVHDVHDUO\DVWKH
V&RPSDUHGZLWKVWHDPIORRGLQJWKHGHQVLW\RI
KRWZDWHULVQRWPXFKGLIIHUHQWIURPWKDWRIFUXGHRLO
DQGWKHUHLVQRJUDYLW\RYHUODSSKHQRPHQRQ,WFDQ
HIIHFWLYHO\LQFUHDVHWKHKRWZDWHUVZHHSFRHIILFLHQW
DQG LQFUHDVH WKH KHDW IORZ XWLOL]DWLRQ UDWH >@
&RPSDUHGZLWKVWHDPIORRGLQJWKHKHDWFDUULHGE\
KRWZDWHULWVHOILVORZHU$VWKHGHSWKRIPLJUDWLRQ
LQFUHDVHVWKHWHPSHUDWXUHGHFUHDVHVUDSLGO\DQGWKH
UDQJHRIDFWLRQLVOLPLWHG
6KDQMLDVL2LOILHOGLVORFDWHGLQWKHVRXWKZHVWRI
/LMLQ &RXQW\ 'RQJ\LQJ &LW\ 6KDQGRQJ 3URYLQFH
%ORFN  LV ORFDWHG LQ WKH HDVW DUHD RI 6KDQMLDVL
2LOILHOG*XDQWDR)RUPDWLRQLVDQRUGLQDU\KHDY\RLO
UHVHUYRLU 7KH VXUIDFH FUXGH RLO KDV D GHQVLW\ RI
JFP DQG DQ DYHUDJH GHQVLW\ RI
JFP7KHYLVFRVLW\RIWKHVXUIDFHFUXGHRLO
DW & LV PSDāV DQG WKH DYHUDJH
YLVFRVLW\LVPSDāV,QWKH3UHOLPLQDU\
6WXG\RQWKH'HYHORSPHQWRI*XDQWDR)RUPDWLRQLQ
%ORFNZDVFDUULHGRXW7KHVWXG\FRQFOXGHGWKDW
WKH*XDQWDR)RUPDWLRQLQWKLVEORFNLVDKHDY\RLO
UHVHUYRLU 8QGHU WKH H[LVWLQJ WHFKQRORJLFDO
FRQGLWLRQV WKURXJK WKHUPDO RLO SURGXFWLRQ KLJKHU

.(<:25'6
+HDY\ RLO DFWLYDWHG ZDWHU YLVFRVLW\ UHGXFWLRQ WKHUPDO
VWDELOLW\LQWHUIDFLDOWHQVLRQHQKDQFHGRLOUHFRYHU\



,1752'8&7,21

7KH SURGXFWLRQ RI KHDY\ RLO LV D ZRUOGZLGH
SUREOHP'XHWRLWVKLJKYLVFRVLW\DQGKLJKFRQWHQW
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SURGXFWLYLW\ FDQ EH REWDLQHG +RZHYHU DV WKH
XVHGLQWKHH[SHULPHQWLVĳîFPDQGLWLVILOOHG
GHYHORSPHQWSURJUHVVHVWKHSUREOHPRIKHDWORVVLQ
ZLWK FOHDQHG TXDUW] VDQG DFFRUGLQJ WR D FHUWDLQ
WKLFNHUUHVHUYRLUVLVJUDGXDOO\DJJUDYDWHGDQGWKHUH
SDUWLFOHVL]HUDWLR
LV DQ XUJHQW QHHG IRU D VLPSOH DQG HIILFLHQW

UHSODFHPHQWWHFKQRORJ\WRIXUWKHULPSURYHUHFRYHU\
([SHULPHQWDOHTXLSPHQW+$$.(0$56,,,
,QWKLVSDSHUWKHV\QHUJLVWLFHIIHFWRIWKHWZRLV
KLJKWHPSHUDWXUHDQGKLJKSUHVVXUHUKHRPHWHU WHVW
DFKLHYHGE\DGGLQJKHDY\RLODFWLYDWHGZDWHUWRWKH
WHPSHUDWXUHUDQJH&PD[LPXPSUHVVXUH03D 
KRW ZDWHU DW KLJK WHPSHUDWXUH WKH KRW ZDWHU LV
LV XVHG WR WHVW WKH YLVFRVLW\ UKHRORJ\ DQG RWKHU
PDLQO\XVHGWRUHGXFHWKHYLVFRVLW\DQGWKHKHDY\
SURSHUWLHV RI KLJKWHPSHUDWXUH YRODWLOH OLTXLGV
RLO DFWLYDWHG ZDWHU VWLOO PDLQWDLQV D FHUWDLQ HIIHFW
0RGHO 7;& RLOZDWHU LQWHUIDFLDO WHQVLRQ PHWHU
DIWHU WKH WHPSHUDWXUH LV UHGXFHG WR FRQWLQXH WR
PD[LPXP VSHHG USP FRPHV ZLWK ,PDJH
PDLQWDLQ WKH YLVFRVLW\ UHGXFWLRQ RI WKH V\VWHP
SURFHVVLQJ VRIWZDUH  LV XVHG WR WHVW RLOZDWHU
SHUIRUPDQFHDQGFRQWLQXRXVO\LPSURYHWKHUHFRYHU\
LQWHUIDFLDO WHQVLRQ HOHFWURQLF VWLUUHU RYHQ 
IDFWRU>@7KHKHDY\RLODFWLYDWHGZDWHUXVHGLQWKLV
&  DJLQJ WDQN ,6&2 FRQVWDQW VSHHG SXPS
SDSHULVVLPLODUWRWKHRLOVROXEOHYLVFRVLW\UHGXFHU
SUHFLVLRQ P/PLQ  WKHUPRVWDW & 
>@,WLVDQDPSKLSKLOLFORZPROHFXODUZHLJKW
SUHVVXUHVHQVRU SUHFLVLRQ03D DQGVRRQ
SRO\PHUZLWKPXOWLSOHIXQFWLRQDOJURXSVZKLFKFDQ

HIIHFWLYHO\ SHQHWUDWH LQWR WKH DVSKDOW ULQJ VKHHW
([SHULPHQWDO PHWKRG %\ HYDOXDWLQJ WKH
VWUXFWXUHRIWKHKHDY\RLOWRGLVDVVHPEOHLWVVWUXFWXUH
YLVFRVLW\UHGXFWLRQSHUIRUPDQFHLQWHUIDFLDODFWLYLW\
GHFRPSRVH KHDY\ RLO PDFURPROHFXOHV LQWR VPDOO
DQG WKHUPDO VWDELOLW\ RI WKUHH W\SHV RI KHDY\ RLO
PROHFXOHVDQGLQFUHDVHLWVPLJUDWLRQDELOLW\$WWKH
DFWLYDWHG ZDWHU V\VWHPV DQ RSWLPDO KHDY\ RLO
VDPH WLPH WKH DELOLW\ RI DFWLYDWHG ZDWHU WR UHGXFH
DFWLYDWHGZDWHUV\VWHPZDVVHOHFWHG
WKH LQWHUIDFLDO WHQVLRQ FDQ PDNH WKH GLVDVVHPEOHG

VPDOOPROHFXOH FUXGH RLO IRUP DQ RLOLQZDWHU
  (YDOXDWLRQ RI YLVFRVLW\ UHGXFWLRQ
HPXOVLRQ ZKLFK FDQ IXOO\ LQFUHDVH WKH FUXGH RLO
9LVFRVLW\UHGXFWLRQUDWHLVDQLPSRUWDQWSDUDPHWHUWR
FDUU\LQJ FDSDFLW\ DQG UHDOL]H WKH SHHOLQJFDUU\LQJ
HYDOXDWH WKH YLVFRVLW\ UHGXFWLRQ SHUIRUPDQFH RI
SURFHVV>@7KHDFWLYDWHGZDWHURIKHDY\RLOZLWK
KHDY\RLODFWLYDWHGZDWHUWRGHFRPSRVHFUXGHRLO,W
VPDOO PROHFXOHV KDV WKH FKDUDFWHULVWLFV RI HDV\
LVXVXDOO\FKDUDFWHUL]HGE\YLVFRVLW\UHGXFWLRQUDWH
HPXOVLILFDWLRQ DQG GHPXOVLILFDWLRQ ,W FDQ EH
9LVFRVLW\ UHGXFWLRQ UDWH  FUXGH RLO YLVFRVLW\ 
HPXOVLILHGXQGHUWKHDFWLRQRIVKHDULQJIRUFHGXULQJ
DFWLYDWHG ZDWHU KHDY\ RLO V\VWHP   FUXGH RLO
WKH PLJUDWLRQ SURFHVV RI WKH UHVHUYRLU DQG WKH
YLVFRVLW\
SURGXFHG IOXLG FDQ EH GHPXOVLILHG LQLWLDOO\ XQGHU
7KH WKUHH V\VWHPV ZHUH PL[HG VHSDUDWHO\
VWDWLF FRQGLWLRQV DQG DFKLHYHG E\ GHPXOVLILHUV
DFFRUGLQJ WR WKH YROXPH UDWLR RI  DQG IXOO\
VHZDJH WUHDWPHQW UHGXFHV HQYLURQPHQWDO SUREOHPV
HPXOVLILHGZLWKDKLJKVSHHGVWLUUHUIRUPLQ7KH
VXFK DV ODWHU ZDWHU WUHDWPHQW +HDY\ RLO DFWLYDWHG
YLVFRVLW\ ZDV PHDVXUHG E\ D KLJKWHPSHUDWXUH DQG
ZDWHU KDV VWURQJ HPXOVLILFDWLRQ DELOLW\ ZKLFK LV
KLJKSUHVVXUHUKHRPHWHUDQGWKHYLVFRVLW\UHGXFWLRQ
HQYLURQPHQWDOO\IULHQGO\FRPSDUHGWRFRQYHQWLRQDO
UDWHZDVFDOFXODWHG7KHH[SHULPHQWDOWHPSHUDWXUHV
SRO\PHUVXUIDFWDQW 63  DQG SRO\PHUVXUIDFWDQW
ZHUH & & DQG & UHVSHFWLYHO\ 7KH
DONDOL $63 
YLVFRVLW\ PHDVXUHPHQW RI WKH PL[HG V\VWHP RI
,Q WKLV SDSHU WKH WKUHH W\SHV RI KHDY\ RLO
FKHPLFDODJHQWVDQGFUXGHRLOLVXVXDOO\FDUULHGRXW
DFWLYDWHG ZDWHU V\VWHPV GHYHORSHG DUH RSWLPL]HG
ZLWKD%URRNILHOGYLVFRPHWHU+RZHYHUWKHZDWHULQ
IURPWKHSHUVSHFWLYHRIVWDWLFSHUIRUPDQFHDQGWKH
WKH PL[HG VROXWLRQ ZLOO HYDSRUDWH DW KLJK
LQIOXHQFHRILQMHFWLRQFRQFHQWUDWLRQDQGWHPSHUDWXUH
WHPSHUDWXUHV DQG DIIHFW WKH H[SHULPHQWDO UHVXOWV
RQ V\VWHP SHUIRUPDQFH LV RSWLPL]HG )LQDOO\ WKH
7KHUHIRUH WKHPHDVXUHPHQW RI WKHYLVFRVLW\ RI WKH
YHULILFDWLRQRIWKHHIIHFWRIKHDY\RLODFWLYDWHGKRW
PL[HGV\VWHPQHHGVWREHFDUULHGRXWXQGHUSUHVVXUH
ZDWHU IORRGLQJ LV FDUULHG RXW WKURXJK GLVSODFHPHQW VRDKLJKWHPSHUDWXUHDQGKLJKSUHVVXUHUKHRPHWHULV
H[SHULPHQWV
XVHGWRPHDVXUHWKHYLVFRVLW\RIWKHPL[HGVROXWLRQ

7KH FDOFXODWLRQ VWHSV RI WKH KLJK WHPSHUDWXUH DQG

KLJKSUHVVXUHUKHRPHWHUWRWHVWWKHYLVFRVLW\RIWKH
PL[HGVROXWLRQDQGWKHYLVFRVLW\UHGXFWLRQUDWHDUH
0$7(5,$/6$1'0(7+2'6


ᬅ 3UHSDUDWLRQ RI FKHPLFDO VROXWLRQ
([SHULPHQWDOPDWHULDOV7KHH[SHULPHQWDORLO
+$$.(
0$56 ,,, KLJK WHPSHUDWXUH DQG KLJK
LVWKHRUGLQDU\KHDY\RLOLQ%ORFNZLWKDYLVFRVLW\
SUHVVXUHUKHRPHWHUFDQRQO\PHDVXUHOLTXLGVDPSOHV
RI  P3D V DW & DQG D FUXGH RLO GHQVLW\ RI
8VH D P/ EHDNHU WR ZHLJK J RI VLPXODWHG
 JFP 7KH H[SHULPHQWDO ZDWHU LV VLPXODWHG
ZDWHU ZLWK D VDOLQLW\ RI PJ/ DQG XVH DQ
IRUPDWLRQZDWHUZLWKDVDOLQLW\RISSP7KUHH
HOHFWURQLFVWLUUHUWRVWLUDWUPXVHDQHOHFWURQLF
W\SHV RI KHDY\ RLO DFWLYDWHG ZDWHU V\VWHPV ;'
EDODQFHWRZHLJKWKHFKHPLFDODJHQWVDPSOHDGGLW
;' DQG ;' DOO RI ZKLFK DUH ZKLWH RGRUOHVV
WR WKH EHDNHU HYHQO\ DQG VORZO\ ZLWKLQ  PLQ
PXOWLIXQFWLRQDOSRO\PHUVROLGSDUWLFOHVZLWKFHUWDLQ
FRQWLQXH VWLUULQJ IRU  KRXUV DQG SUHSDUH D
LQWHUIDFLDODFWLYLW\7KHVL]HRIWKHVDQGILOOLQJSLSH
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PJ/ FKHPLFDO DJHQW PRWKHU OLTXRU IRU ODWHU
XVH $IWHU FDOFXODWLQJ GLOXWH WKH PRWKHU OLTXRU
ZHLJKDTXDQWLWDWLYHDPRXQWRIWKHPRWKHUOLTXRULQ
DP/EHDNHUDGGLWWRWKHLQMHFWHGZDWHUDQGVWLU
ZLWKDQHOHFWURQLFVWLUUHUDWDVSHHGRIUPIRU
KRXUWRSUHSDUHWKHFRUUHVSRQGLQJWDUJHWVROXWLRQIRU
XVH

ᬆ 0L[LQJ V\VWHP SUHSDUDWLRQ :HLJK
DSSURSULDWH DPRXQW RI FKHPLFDO VROXWLRQ DQG
H[SHULPHQWDORLODFFRUGLQJWRWKHRLOZDWHUUDWLRRI
WKH H[SHULPHQWDO SODQ DGG WKHP WR D FRORULPHWULF
ERWWOH ZLWK D OLG DQG VHDO WKHP SODFH WKHP DW WKH
UHTXLUHGWHPSHUDWXUHIRUWKHH[SHULPHQWWRDJHIRU
KRXUVWKHQXVHKDQGFUDQNDIWHUDJLQJ7KHZD\RI
VKDNLQJPDNHVWKHPL[HGVROXWLRQIXOO\HPXOVLILHG
,QRUGHUWRHQVXUHWKHFRPSDUDELOLW\RIHDFKPL[HG
V\VWHPWKHVKDNLQJLQWHQVLW\LVNHSWFRQVWDQWDQGWKH
WLPHLVPLQ

ᬇ,QVWUXPHQWSUHSDUDWLRQ7XUQRQWKHKLJK
WHPSHUDWXUH DQG KLJK SUHVVXUH UKHRPHWHU FRQWURO
FRPSXWHUDQGRSHUDWLQJVRIWZDUHDQGZDUPXSWKH
LQVWUXPHQWIRUPLQXWHV

ᬈ$GGLQJVDPSOHVDQGKHDWLQJXS$GG
P/RIPL[HGVDPSOHWRDVSHFLDOVHDOHGFRQWDLQHU
FORVHWKHOLGRIWKHVHDOHGFRQWDLQHULQVWDOOLWRQWKH
UKHRPHWHU DQG WLJKWHQ WKH VFUHZV 7XUQ RQ WKH
KHDWLQJV\VWHPWRPDNHWKHPL[HGV\VWHPUHDFKWKH
H[SHULPHQWDO WHPSHUDWXUH 'XULQJ WKH KHDWLQJ
SURFHVVWKHPDJQHWLFURWRULVXVHGWRGULYHWKHURWRU
LQ WKH FRQWDLQHU WR URWDWH DQG VWLU DW ORZ VSHHG WR
SUHYHQWWKHPL[HGV\VWHPIURPVWUDWLI\LQJ

ᬉ7HVW:KHQWKHWHPSHUDWXUHVWDELOL]HVDWWKH
H[SHULPHQWDO WHPSHUDWXUH HQWHU WKH PHDVXUHPHQW
PRGH ,Q RUGHU WR DYRLG WKH HYDSRUDWLRQ RI WKH
VROXWLRQ DW KLJK WHPSHUDWXUHV DQG DIIHFW WKH WHVW
UHVXOWVDQLWURJHQF\OLQGHULVXVHGWRDSSO\DSUHVVXUH
RI03DWRWKHDLUWLJKWFRQWDLQHU7DNHWKHDYHUDJH
RIWHVWVDVWKHILQDOYLVFRVLW\YDOXH

ᬊ &RROLQJ DQG FKDQJLQJ VDPSOHV 7XUQ RQ
WKHFRROLQJPRGHRIWKHKHDWLQJV\VWHPDQGXVHWKH
FROGZDWHUFLUFXODWLRQWRTXLFNO\FRROGRZQ:KHQ
WKH WHPSHUDWXUH VWDELOL]HV EHORZ & UHPRYH WKH
IL[LQJVFUHZVRSHQWKHVHDOHGFRQWDLQHUSRXURXWWKH
VDPSOHDQGFOHDQWKHFRQWDLQHU

  ,QWHUIDFH SHUIRUPDQFH HYDOXDWLRQ 7KH
0RGHO 7;& RLOZDWHU LQWHUIDFLDO WHQVLRQ PHWHU
ZDVXVHGWRPHDVXUHWKHLQWHUIDFLDOWHQVLRQRIWKUHH
W\SHV RI KHDY\ RLO DFWLYDWHG ZDWHU V\VWHPV ZLWK D
PDVV FRQFHQWUDWLRQ RI  SSP DQG FUXGH RLO DW
&7KHDFWLYDWHGZDWHUV\VWHPLVLQMHFWHGLQWRD
WKLQJODVVWXEHWKURXJKDVSHFLILFQHHGOHDQGWKHQD
GURS RI FUXGH RLO LV GURSSHG LQWR WKH DFWLYDWHG
DTXHRXV VROXWLRQ WKURXJK DQRWKHU VSHFLILF QHHGOH
3XWWKHWKLQWXEHLQWRWKHLQVWUXPHQWDQGIXOO\URWDWH

LW IRU  KRXU ILQG WKH ORQJ DQG WKLQ RLO GURS DQG
SHUIRUP LPDJH SURFHVVLQJ WR REWDLQ WKH LQWHUIDFLDO
WHQVLRQYDOXH

 7KHUPDOVWDELOLW\WHVWRIDFWLYDWHGZDWHU
7KUHHDFWLYDWLQJDTXHRXVVROXWLRQVRIKHDY\RLOZLWK
DFRQFHQWUDWLRQRISSPZHUHSODFHGLQDQDJLQJ
WDQN DQG KHDWHG LQ DQ RYHQ IRU  GD\V DW D
WHPSHUDWXUHRI&6DPSOHVZHUHWDNHQHYHU\GD\
WR WHVW WKH YLVFRVLW\ UHGXFWLRQ SHUIRUPDQFH RI WKH
V\VWHP

  $QDO\VLV RI IDFWRUV DIIHFWLQJ WKH
SHUIRUPDQFH RI KHDY\ RLO DFWLYDWHG ZDWHU 7KLV
SDUW RI WKH H[SHULPHQW VWXGLHV WKH LQIOXHQFH RI WKH
FRQFHQWUDWLRQRIDFWLYDWHGZDWHUDQGWHPSHUDWXUHRI
KHDY\RLORQWKHYLVFRVLW\UHGXFWLRQSHUIRUPDQFHRI
WKH DFWLYDWHG ZDWHU V\VWHP 7KH VSHFLILF
H[SHULPHQWDOVFKHPHLVVKRZQLQ7DEOH

 ([SHULPHQWVWRLPSURYHRLOUHFRYHU\7KH
GLVSODFHPHQW V\VWHP PDLQO\ LQFOXGHV LQMHFWLRQ
V\VWHP FRUH PRGHO OLTXLG PHDVXUHPHQW V\VWHP
SUHVVXUHFRQWUROV\VWHPDQGGDWDDFTXLVLWLRQV\VWHP
7KH VDQGSDFNHG SLSH ZLOO EH VXEMHFWHG WR JDV
WHVWLQJ YDFXXPLQJ VDWXUDWHG ZDWHU VDWXUDWHG RLO
DQG DJLQJ LQ VHTXHQFH DQG WKH GLVSODFHPHQW
H[SHULPHQWSURFHVVLVVKRZQLQ)LJXUH
7KH H[SHULPHQWDO SODQ LV ZDWHU IORRGLQJ WR
 ZDWHU FXW DW WKH H[SHULPHQWDO WHPSHUDWXUHWR
KHDY\RLODFWLYDWHGDTXHRXVIORRGLQJDQGHQGLQJWKH
H[SHULPHQW ZKHQ WKH ZDWHU FXW UHDFKHV 
UHFRUGLQJWKHSUHVVXUHDQGOLTXLGSURGXFWLRQGXULQJ
WKHH[SHULPHQW7KHVDQGILOOHGSLSHLVKHDWHGWRWKH
H[SHULPHQWDOWHPSHUDWXUHE\WKHKHDWLQJMDFNHWDQG
WKH LQMHFWHG ZDWHU DQG WKH DFWLYDWHG ZDWHU DUH
LQMHFWHG IURP WKH KHDWLQJ LQWHUPHGLDWH FRQWDLQHU
WKURXJKWKHSXPS7KHH[SHULPHQWDOWHPSHUDWXUHLV
  DQG & UHVSHFWLYHO\ ,Q RUGHU WR DYRLG
KLJKWHPSHUDWXUH YDSRUL]DWLRQ RI KRW ZDWHU LQ WKH
GLVSODFHPHQW SKDVH D EDFN SUHVVXUH YDOYH LV
FRQQHFWHGWRWKHRXWOHWHQGDQGDSUHVVXUHRI03D
LVDSSOLHGWKURXJKDQLWURJHQF\OLQGHU7KHSUHVVXUH
GDWD RI WKH H[SHULPHQW SURFHVV LV UHFRUGHG E\ WKH
SUHVVXUHVHQVRUDQGWKHOLTXLGSURGXFWLRQYROXPHLV
UHFRUGHGDWUHJXODULQWHUYDOVDIWHUOLTXLGSURGXFWLRQ


5(68/76$1'',6&866,216

6FUHHQLQJ RI KHDY\ RLO DFWLYDWHG ZDWHU
+HDY\ RLO DFWLYDWHG KRW ZDWHU IORRGLQJ DOORZV WKH
ZDWHU SKDVH WR HQWHU WKH ODPHOOD VWUXFWXUH RI WKH
KHDY\ RLO WKURXJK WKH DFWLRQ RI VSHFLDO IXQFWLRQDO
JURXSVGLVDVVHPEOHWKHKHDY\RLODQGLPSURYHWKH
UHFRYHU\ UDWH 7KHUHIRUH WKH V\VWHP LV UHTXLUHG WR
KDYHDFHUWDLQLQWHUIDFLDODFWLYLW\ZKLFKFDQUHGXFH
WKHLQWHUIDFLDOWHQVLRQRIRLODQGZDWHU,WKDVJRRG
WKHUPDOVWDELOLW\DQGFDQZRUNXQGHUFRQWLQXRXV
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7$%/(
([SHULPHQWDOSURJUDPRIIDFWRUVDIIHFWLQJWKHSHUIRUPDQFHRIKHDY\RLODFWLYDWHGZDWHU
,QIOXHQFLQJIDFWRUV
&RQFHQWUDWLRQ
7HPSHUDWXUH

([SHULPHQWFRQGLWLRQV
SSPSSP
SSPSSP
&&&

7HVWSODQ
0L[KHDY\RLODFWLYDWHGZDWHUDQGKHDY\RLOVWLUIRUPLQZLWKD
KLJKVSHHGDJLWDWRUDQGPHDVXUHLWVYLVFRVLW\
0L[KHDY\RLODFWLYDWHGZDWHUDQGKHDY\RLOVWLUIRUPLQZLWKD
KLJKVSHHGDJLWDWRUDQGPHDVXUHLWVYLVFRVLW\

),*85(
)ORZFKDUWRIGLVSODFHPHQWH[SHULPHQW




PLQLPXP LQWHUIDFLDO WHQVLRQ EHWZHHQ ;' DQG
FUXGHRLOLVP1PZKLFKLVRI;'DQG
 RI ;' 7KLV VKRZV WKDW ;' KDV WKH EHVW
LQWHUIDFLDODFWLYLW\DQGLVHDVLHUWRHPXOVLI\ZLWKWKH
RULJLQDOIOXLGDVVKRZQLQ)LJXUH
)LJXUH  VKRZV WKH YLVFRVLW\ UHGXFWLRQ UDWH
FXUYHVRIWKUHHW\SHVRIKHDY\RLODFWLYDWHGZDWHUDW
WKUHH WHPSHUDWXUHV 7KH UHVXOWV VKRZ WKDW DV WKH
WHPSHUDWXUHLQFUHDVHVWKHYLVFRVLW\UHGXFWLRQUDWHRI
WKH WKUHH W\SHV RI KHDY\ RLO DFWLYDWLRQ ZDWHUV DOO
VKRZ D GRZQZDUG WUHQG 7KLV LV EHFDXVH KLJK
WHPSHUDWXUHLVWKHPDLQIDFWRUDIIHFWLQJWKHYLVFRVLW\
RIFUXGHRLODQGWHPSHUDWXUHULVHKDVDQLPSDFWRQ
WKHGDPDJHRIWKHVWUXFWXUHRIKHDY\RLODFWLYDWLRQ
ZDWHU UHVXOWLQJ LQ ORZHU YLVFRVLW\ UHGXFWLRQ UDWH
$PRQJ WKHP WKH YLVFRVLW\ UHGXFWLRQUDWH RI;'
DQG;'DFWLYDWHGZDWHUVROXWLRQVGHFUHDVHVIDVWHU
ZKLOHWKHYLVFRVLW\UHGXFWLRQUDWHRI;'DFWLYDWHG
ZDWHUUHPDLQVDERYHDW&7KHLQFUHDVHLQ
WHPSHUDWXUHKDVDQHIIHFWRQWKHYLVFRVLW\UHGXFWLRQ
HIIHFW RI WKH V\VWHP 7KH LPSDFW LV ORZ )LJXUH 
VKRZVWKHFKDQJHFXUYHRIYLVFRVLW\UHGXFWLRQUDWHRI
DFWLYDWHG ZDWHU IRU WKUHH W\SHV RI KHDY\ RLO GXULQJ
FRQWLQXRXVKLJKWHPSHUDWXUHDJLQJ7KHUHVXOWVVKRZ
WKDWWKHYLVFRVLW\UHGXFWLRQUDWHRI;'DQG;'
GHFUHDVHV VOLJKWO\ ZLWK WKH LQFUHDVH RI DJLQJ WLPH
DQG KDV EHWWHU WHPSHUDWXUH UHVLVWDQFH ZKLOH WKH
YLVFRVLW\ UHGXFWLRQ UDWH RI DFWLYDWHG ZDWHU ;'
GHFUHDVHV UDSLGO\ ZLWK WKH LQFUHDVH RI DJLQJ WLPH
ZKLFKFDQQRWIXOO\IXQFWLRQXQGHUFRQWLQXRXVKLJK
WHPSHUDWXUHFRQGLWLRQV
%DVHG RQ WKH DERYH DQDO\VLV LW FDQ EH IRXQG
WKDWWKHKHDY\RLODFWLYDWHGZDWHU;'KDVWKHEHVW
LQWHUIDFLDO DFWLYLW\ WHPSHUDWXUH UHVLVWDQFH DQG FDQ
KDYHDJRRGYLVFRVLW\UHGXFWLRQHIIHFWLQWKHUDQJHRI
& WR & VR ;' LV WKH EHVW DFWLYDWHG ZDWHU
V\VWHPIRUIROORZXSH[SHULPHQWV

7$%/(
2LOZDWHULQWHUIDFLDOWHQVLRQRIWKUHHNLQGVRI
KHDY\RLODFWLYDWHGZDWHUV\VWHP ႏ 
6\VWHP
;'
;'
;'

,QWHUIDFLDOWHQVLRQ







),*85(
7KUHHNLQGVRIKHDY\RLODFWLYDWHGZDWHU
HPXOVLILFDWLRQSKHQRPHQRQ
1RWHV&V\VWHPFRQFHQWUDWLRQSSPYROXPHUDWLR
WHVWWXEHLVUHSHDWHGO\LQYHUWHGWLPHV 


KLJKWHPSHUDWXUHFRQGLWLRQVDQGILQDOO\VKRZVJRRG
YLVFRVLW\UHGXFWLRQSHUIRUPDQFH>@
7KHLQWHUIDFLDOWHQVLRQEHWZHHQWKHWKUHHW\SHV
RIKHDY\RLODFWLYDWHGZDWHUDQGFUXGHRLOLVVKRZQ
LQ7DEOH7KHUHVXOWVVKRZWKDWDOOWKUHHW\SHVRI
DFWLYDWHG ZDWHU KDYH WKH DELOLW\ WR UHGXFH WKH
LQWHUIDFLDO WHQVLRQ DQG HPXOVLI\ WKH FUXGH RLO 7KH
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),*85(
9LVFRVLW\UHGXFWLRQUDWHFXUYHVRIWKUHHW\SHVRI
KHDY\RLODFWLYDWHGZDWHUDWDYROXPHUDWLRRI
DQGWHPSHUDWXUHVRIDQGႏ
UHVSHFWLYHO\

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ

),*85(
&KDQJHVLQYLVFRVLW\UHGXFWLRQUDWHRI
WKUHHW\SHVRIKHDY\RLOLQWKHGD\DJLQJSURFHVV
RIDFWLYDWHGZDWHU




),*85(
0L[HGV\VWHPRIDFWLYDWHGZDWHUDQGFUXGHRLOZLWKGLIIHUHQWFRQFHQWUDWLRQV
1RWHV9ROXPHUDWLRVWDQGLQJDWURRPWHPSHUDWXUHIRUGD\ 


PLFHOODUVROXELOL]DWLRQ7KLVFRQFOXVLRQLVFRQVLVWHQW
ZLWKWKHUHVXOWVLQ)LJXUH$VWKHFRQFHQWUDWLRQRI
KHDY\ RLO DFWLYDWHG ZDWHU LQFUHDVHV WKH YLVFRVLW\
UHGXFWLRQUDWHRIWKHV\VWHPILUVWULVHVUDSLGO\:KHQ
WKH FRQFHQWUDWLRQ UHDFKHV  SSP WKH YLVFRVLW\
UHGXFWLRQUDWHRIWKHPL[HGV\VWHPLVEDVLFDOO\VWDEOH
DQGUHPDLQVDWDKLJKOHYHO7KHUHIRUHWKHRSWLPDO
XVH FRQFHQWUDWLRQ RI DFWLYDWHG ZDWHU ;' LV 
SSP

&RUHIORRGLQJH[SHULPHQW)LJXUHVKRZVWKH
LQMHFWLRQSUHVVXUHFXUYHVRI;'DFWLYDWHGZDWHUDW
WKUHH WHPSHUDWXUHV 7KH UHVXOWV VKRZ WKDW WKH
LQMHFWLRQ SUHVVXUH LQ WKH DFWLYDWHG ZDWHU IORRGLQJ
VWDJHRI&KHDY\RLOLVREYLRXVO\ORZHUWKDQ&
DQG & DQG WKH SUHVVXUH LQ WKH GU\ SHULRG LV
VLPLODU7KLVVKRZVWKDWZKHQWKHWHPSHUDWXUHLVORZ
WKHYLVFRVLW\RIWKHRLOLQZDWHUHPXOVLRQLVPDLQO\
IRUPHGE\HPXOVLI\LQJWKHFUXGHRLOE\DFWLYDWLQJWKH
KHDY\RLOZLWKZDWHU7KHUHVXOWLQJHPXOVLRQLVSURQH
WREORFNDJHLQWKHFRUHUHVXOWLQJLQDVLJQLILFDQW

7KH HIIHFWRIDFWLYDWHG ZDWHU FRQFHQWUDWLRQ
RIKHDY\RLORQYLVFRVLW\UHGXFWLRQ)LJXUHVKRZV
WKH HPXOVLILFDWLRQ VWDWXV RI WKH ;' KHDY\ RLO
DFWLYDWHGZDWHUDQGFUXGHRLOPL[HGV\VWHP ZDWHUWR
RLOUDWLR ZLWKPDVVFRQFHQWUDWLRQVRISSP
SSPSSPDQGSSPUHVSHFWLYHO\DIWHU
EHLQJIXOO\VKDNHQDWURRPWHPSHUDWXUHIRURQHGD\
,WFDQEHVHHQWKDWDVWKHFRQFHQWUDWLRQRIDFWLYDWHG
ZDWHU LQ KHDY\ RLO LQFUHDVHV WKH VWDELOLW\ RI WKH
HPXOVLILFDWLRQ V\VWHP LQFUHDVHV 7KLV LV PDLQO\
EHFDXVHDVWKHFRQFHQWUDWLRQRIWKHV\VWHPLQFUHDVHV
WKH RLOZDWHU LQWHUIDFLDO WHQVLRQ RI WKH V\VWHP
GHFUHDVHV DQG LW LV HDV\ WR IRUP DQ RLOLQZDWHU
HPXOVLRQDQGWKHUHVXOWLQJOLTXLGILOPLVYHU\VWDEOH
2QWKHRWKHUKDQG;'LVDZDWHUVROXEOHSRO\PHU
ZLWK D VPDOO PROHFXODU ZHLJKW ZKLFK FDQ IRUP D
YLVFRXV ILOP RQ WKH OLTXLG ILOP DQG HQKDQFH WKH
VWDELOLW\RIWKHHPXOVLRQ
:KHQWKHFRQFHQWUDWLRQRIKHDY\RLODFWLYDWHG
ZDWHULQFUHDVHVWRWKHFULWLFDOPLFHOOHFRQFHQWUDWLRQ
WKLVQHZW\SHRIKHDY\RLODFWLYDWHGZDWHUFDQIRUP
DPRUHVWDEOHPL[HGV\VWHPZLWKFUXGHRLOE\ZD\RI
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),*85(
9LVFRVLW\UHGXFWLRQUDWHRIGLIIHUHQWPDVV
FRQFHQWUDWLRQVRIKHDY\RLODFWLYDWHGZDWHUDQG
FUXGHRLODWGLIIHUHQWWHPSHUDWXUHV

),*85(
&XUYHVRILQMHFWLRQSUHVVXUHDQGFXPXODWLYH
LQMHFWLRQPXOWLSOHRIKRWZDWHUFKHPLFDOIORRGLQJ
DWWKUHHWHPSHUDWXUHV

),*85(
7KHUHODWLRQVKLSEHWZHHQWKHZDWHUFXWRI
KRWZDWHUFKHPLFDOIORRGLQJDQGWKHFXPXODWLYH
LQMHFWLRQPXOWLSOHDWWKUHHWHPSHUDWXUHV

),*85(
7KHUHODWLRQVKLSEHWZHHQWKHUHFRYHU\IDFWRURI
KRWZDWHUFKHPLFDOIORRGLQJDQGWKHFXPXODWLYH
LQMHFWLRQPXOWLSOHDWWKUHHWHPSHUDWXUHV




LQFUHDVHLQWKHLQMHFWLRQSUHVVXUH:KHQWKHSUHVVXUH
UHDFKHV WKH EUHDNWKURXJK SUHVVXUH RI WKH HPXOVLRQ
EORFNDJH WKH HPXOVLRQ FDQ FRQWLQXH WR PLJUDWH
FDXVLQJSUHVVXUHIOXFWXDWLRQV7KHKLJKWHPSHUDWXUH
KDV JUHDWO\ UHGXFHG WKH YLVFRVLW\ RI FUXGH RLO 7KH
PDLQ IXQFWLRQ RI KHDY\ RLO DFWLYDWHG ZDWHU LV WR
GHVWUR\ WKH QHWZRUN VWUXFWXUH RI FROORLGDO
DVSKDOWHQHVDQGIRUPOHVVHPXOVLRQVRWKHLQMHFWLRQ
SUHVVXUHLVORZHUDQGWKHIOXFWXDWLRQLVVPDOOHU
7KHLQMHFWLRQSUHVVXUHRIFKHPLFDOIORRGLQJDW
HDFK WHPSHUDWXUH LV KLJKHU WKDQ WKDW RI KRW ZDWHU
IORRGLQJ DQG WKH LQMHFWLRQ SUHVVXUH ULVHV JUHDWO\
ZKHQ LQMHFWLQJ WKH DFWLYDWHG ZDWHU RI KHDY\ RLO DW
ORZWHPSHUDWXUH,WFDQEHNQRZQIURPWKHYLVFRVLW\
WHPSHUDWXUH FXUYH RI WKH DFWLYDWHG ZDWHU RI KHDY\
RLO WKDW SRO\PHU H[SDQGV WKH PDFURVFRSLF VZHHS
YROXPH,QDGGLWLRQLWFDQEHIRXQGWKDWWKHSUHVVXUH
RIWKHKHDY\RLODFWLYDWHGZDWHUIORRGLQJVWDJHKDV

REYLRXVIOXFWXDWLRQV7KLVLVEHFDXVHPRUHFUXGHRLO
LVVWULSSHGRIILQWKHIRUPRIRLOLQZDWHUHPXOVLRQ
XQGHUWKHFRPELQHGDFWLRQRIKRWZDWHU;'ZKLFK
DFWVDVDWHPSRUDU\SOXJJLQJRIWKHKLJKSHUPHDELOLW\
OD\HU7KHLQFUHDVHLQLQMHFWLRQSUHVVXUHZLOOFDXVH
WKHPLJUDWLRQRIWKHHPXOVLRQZKLFKZLOOPDNHWKH
LQMHFWLRQSUHVVXUHIOXFWXDWHDQGGHFUHDVH(DFKWLPH
WKH LQMHFWLRQ SUHVVXUH ULVHV DQG IDOOV D FUXGH RLO
HPXOVLILFDWLRQ DQG DGGLWLRQDO RLO PLJUDWLRQ DUH
FRPSOHWHG
)LJXUHVKRZVWKDWLQWKHKHDY\RLODFWLYDWHG
ZDWHUIORRGLQJVWDJHWKHUHLVDVLJQLILFDQWZDWHUFXW
GHFOLQH SHULRG DQG WKH ZDWHU FXW GHFUHDVH UDQJH
LQFUHDVHV ZLWK WKH WHPSHUDWXUH ULVH DQG WKH ORZ
ZDWHUFXWSHULRGLQFUHDVHV:KHQWKHWHPSHUDWXUHLV
&WKHZDWHUFXWLVNHSWEHORZRIWKH39
ZKLFKLVPXFKORQJHUWKDQWKHORZZDWHUFXWSHULRG
DWORZWHPSHUDWXUH$WWKHVDPHWLPHLWFDQEHIRXQG
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WKDW WKH ZDWHUOHVV UHFRYHU\ SHULRG RI WKH KLJK
WHPSHUDWXUH ZDWHU IORRGLQJ VWDJH LV ORQJ 7KLV LV
EHFDXVH WKH LQFUHDVH LQ WHPSHUDWXUH UHGXFHV WKH
YLVFRVLW\ RI FUXGH RLO DQG LPSURYHV WKH ZDWHURLO
PRELOLW\UDWLR
,WFDQEHVHHQIURP)LJXUHWKDWWKHUHFRYHU\
IDFWRURI&DQG&LQWKHZDWHUIORRGLQJVWDJH
LV VLPLODU DQG KLJKHU WKDQ & LQGLFDWLQJ WKDW
ZKHQ WKH WHPSHUDWXUH ULVHV DERYH & WKH
WHPSHUDWXUHFDQUHGXFHWKHYLVFRVLW\RIFUXGHRLODQG
LQFUHDVHWKHRLOUHFRYHU\LQWKHZDWHUIORRGLQJVWDJH
7KH WKUHH NLQGV RI WHPSHUDWXUH HQKDQFHG RLO
UHFRYHU\ LQ WKH DFWLYDWHG ZDWHU IORRGLQJ VWDJH RI
KHDY\ RLO DUH   DQG 
UHVSHFWLYHO\DQGWKHDFWLYDWHGZDWHULQMHFWHGLQWRWKH
KHDY\ RLO LV 39 39 DQG 39
UHVSHFWLYHO\7KH HQKDQFHGRLOUHFRYHU\YDOXHV SHU
XQLW RI KHDY\ RLO DFWLYDWHG ZDWHU DW WKH WKUHH
WHPSHUDWXUHV DUH   DQG 
UHVSHFWLYHO\ ,W FDQ EH IRXQG WKDW WKH V\QHUJLVWLF
HIILFLHQF\RIKHDY\RLODFWLYDWHGZDWHUDQGKRWZDWHU
LV WKH KLJKHVW ZKHQ WKH WHPSHUDWXUH LV &
+RZHYHUFRQVLGHULQJWKHORQJSHULRGRIORZZDWHU
FXWDW&LWLVSRVVLEOHWRDSSURSULDWHO\GHOD\WKH
LQMHFWLRQWLPLQJRIWKHKHDY\RLODFWLYDWHGZDWHUDQG
WRFRQWUROWKHZDWHUFRQWHQWGXULQJWKHKLJKZDWHUFXW
VWDJHDQGUHGXFHWKHDPRXQWRIFKHPLFDOV


&21&/86,216

  ;' W\SH KHDY\ RLO DFWLYDWHG ZDWHU KDV
ERWK HPXOVLILFDWLRQ DQG YLVFRVLW\ UHGXFWLRQ
FDSDELOLWLHVDQGWKHDELOLW\WRGHFRPSRVHJXPVDQG
DVSKDOWHQHVZLWKWKHEHVWYLVFRVLW\UHGXFWLRQHIIHFW
:KHQWKHPDVVFRQFHQWUDWLRQRIKHDY\RLODFWLYDWHG
ZDWHULVSSPWKHEHVWYLVFRVLW\UHGXFWLRQHIIHFW
FDQ EH REWDLQHG DQG WKH YLVFRVLW\ UHGXFWLRQ UDWH
GHFUHDVHVZLWKWKHLQFUHDVHRIWHPSHUDWXUH
  ;' W\SH KHDY\ RLO DFWLYDWHG ZDWHU FDQ
GHFRPSRVH KLJK PROHFXODU ZHLJKW FROORLGDO
DVSKDOWHQHV LQWR VPDOO PROHFXOHV DQG HPXOVLI\
FUXGH RLO WKURXJK ORZHU LQWHUIDFLDO WHQVLRQ ZKLFK
FDQ LPSURYH RLO UHFRYHU\ DW ORZ FRQFHQWUDWLRQ DQG
ORZ LQMHFWLRQ YROXPH $W WKH VDPH WLPH WKH ORZ
PROHFXODU ZHLJKW SRO\PHU VROXWLRQ HQVXUHV WKH
GHPXOVLILFDWLRQSHUIRUPDQFHRIWKHHPXOVLRQZKLFK
LVEHQHILFLDOWRWKHWUHDWPHQWRIWKHSURGXFHGOLTXLG
DQGKDVHQYLURQPHQWDORSWLPL]DWLRQ
  +HDY\ RLO DFWLYDWHG ZDWHU IORRGLQJ FDQ
UHDOL]HWKHUROHRIDX[LOLDU\KRWZDWHUIORRGLQJ:KHQ
WKH WLPLQJ RI UHLQMHFWLRQ LV HDUOLHU WKH EHVW RLO
GLVSODFHPHQWHIILFLHQF\FDQEHREWDLQHGDW&DQG
WKH KLJKHVW YDOXH RI HQKDQFHG RLO UHFRYHU\ FDQ EH
REWDLQHGZKHQWKHWHPSHUDWXUHLVIXUWKHULQFUHDVHG
EXWDWWKHVDPHWLPHWKHHIILFLHQF\LVUHGXFHG





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

7KLVZRUNZDVQRWVXSSRUWHGE\DQ\IXQGV:H
ZDQWWRWKDQNDOOWKHWHFKQLTXHVZKRKDYHKHOSHGWKLV
UHVHDUFKDQGDOOWKHDXWKRUVRIWKHUHIHUHQFHV


5()(5(1&(6

>@ /X +   %RKDL 2LOILHOG +HDY\ 2LO
3URFHVVLQJ DQG 7UDQVSRUWDWLRQ 7HFKQRORJ\
5HVHDUFK,QWHUQDWLRQDO6RFLHW\RI2IIVKRUHDQG
3RODU(QJLQHHUV,,623(
>@ /LX<=RX-0HQJ;=KRQJ/:DQJ4
=KDQJ : +DQ ;   3URJUHVV LQ %RKDL
2IIVKRUH +HDY\ 2LO 7KHUPDO 5HFRYHU\
2IIVKRUH7HFKQRORJ\&RQIHUHQFH27&
06
>@ <X /   'LVWULEXWLRQ RI ZRUOG KHDY\ RLO
UHVHUYHV DQG LWV UHFRYHU\ WHFKQRORJLHV DQG
IXWXUH6SHFLDO2LODQG*DV5HVHUYRLUV  

>@ 7DQJ;0D<6XQ<  5HVHDUFKDQG
ILHOGWHVWRIFRPSOH[WKHUPDOIOXLGKXIIDQGSXII
WHFKQRORJ\ IRU RIIVKRUH YLVFRXV RLO UHFRYHU\
&KLQD2IIVKRUH2LODQG*DV  
>@ 6XQ - )DQ + =KDQJ ) /LX /  
2YHUYLHZ RI ,PSURYLQJ +HDY\ 2LO 5HFRYHU\
7HFKQRORJ\ 2LOILHOG &KHPLVWU\    

>@ 0DUWLQNRVN\ / %DUNOH\ - 6DEDGHOO *
*RXJK + 'DYLGVRQ 6   (DUWKZRUPV
Eisenia Fetida GHPRQVWUDWHSRWHQWLDOIRUXVHLQ
VRLO ELRUHPHGLDWLRQ E\ LQFUHDVLQJ WKH
GHJUDGDWLRQ UDWHV RI KHDY\ FUXGH RLO
K\GURFDUERQV 6FLHQFH RI WKH 7RWDO
(QYLURQPHQW
>@ /LX ; -LDQJ 5 DQG +XDQJ :  
([SHULPHQWDO VWXG\ RQ RSWLPDO LQMHFWLRQ
SUHVVXUH RI KHDY\ RLO UHVHUYRLU GHYHORSHG E\
VXSHUFULWLFDO &2 IORRGLQJ )UHVHQ (QYLURQ
%XOO
>@ .DQJ;=KDQJ-  6XUIDFWDQW3RO\PHU
63 )ORRGLQJ3LORW7HVWRQ2IIVKRUH+HDY\2LO
)LHOGLQ%RKDL%D\&KLQD6RFLHW\RI3HWUROHXP
(QJLQHHUV63(06
>@ <DQJ + 6XQ <   6WXG\ RI 0XOWL
FRPSRQHQW 7KHUPDO )OXLG 5HFRYHU\ RQ
2IIVKRUH+HDY\2LOILHOGLQ%RKDL%D\RI&KLQD
,QWHUQDWLRQDO 6RFLHW\ RI 2IIVKRUH DQG 3RODU
(QJLQHHUV,623(,
>@&KHQ;/L</LX==KDQJ-+H&7DR
=   ([SHULPHQWDO VWXG\ RQ LPSURYLQJ
RIIVKRUH YLVFRXVRLO UHFRYHU\ YLD D YLVFRVLW\
UHGXFHU DVVLVWHG KRW ZDWHULQMHFWLRQ SURFHVV
-RXUQDO RI &KHPLFDO (QJLQHHULQJ RI &KLQHVH
8QLYHUVLWLHV  
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>@/LX+&KHQJ/+XDQJ6/L&=KDQJ=
-LD3  $PDWKHPDWLFDOPRGHOIRUVWHDP
IURQWLHU SUHGLFWLRQ LQ VROYHQW HQKDQFHG VWHDP
IORRGLQJSURFHVV-RXUQDORI&KLQD8QLYHUVLW\RI
3HWUROHXP (GLWLRQ RI1DWXUDO 6FLHQFH   

>@/L = 6XQ< /X 7+RX' /L % /L6
  7KUHH GLPHQVLRQDO SK\VLFDO VLPXODWLRQ
RIRIIVKRUHKHDY\RLOWKHUPRFKHPLFDOIORRGLQJ
-RXUQDO RI &KLQD 8QLYHUVLW\ RI 3HWUROHXP
(GLWLRQLQ1DWXUDO6FLHQFH   
>@6KL + =KDQJ ) +X & :X < 0D +
  ([SHULPHQWDO VWXG\ RQ WKH HIIHFW RI
VDOLQLW\ RQ WKH GDPDJH RI ORZ SHUPHDELOLW\
VDQGVWRQHUHVHUYRLU )UHVHQ(QYLURQ%XOO

>@/LX ; 'X - :DQJ 4 =KDQJ / /LX +
=KDR 5   3UHSDUDWLRQ DQG 3HUIRUPDQFH
(YDOXDWLRQ RI 2LOVROXEOH 9LVFRVLW\ 5HGXFHU
2LOILHOG&KHPLVWU\  
>@*XR < =KDQJ - /LX < /LX * ;XH ;
/XR 3 /LDQJ <   6XFFHVVIXO 6FDOH
$SSOLFDWLRQ RI $VVRFLDWLYH 3RO\PHU )ORRGLQJ
IRU 2IIVKRUH +HDY\ 2LOILHOG LQ %RKDL %D\ RI
&KLQD 6RFLHW\ RI 3HWUROHXP (QJLQHHUV 63(
06
>@-L*<DQJ<=KRX46XQ71L-  
3K\WRGHJUDGDWLRQRIH[WUDKHDY\RLOEDVHGGULOO
FXWWLQJVXVLQJPDWXUHUHHGZHWODQG$QLQVLWX
SLORW VWXG\ (QYLURQPHQW ,QWHUQDWLRQDO   

>@+DVDQNKDQL*0DGDQL0(VPDHLO]DGHK)
0RZOD'  ([SHULPHQWDOLQYHVWLJDWLRQRI
DVSKDOWHQHDXJPHQWHG JHO SRO\PHU SHUIRU
PDQFH IRU ZDWHU VKXWRII DQG HQKDQFLQJ RLO
UHFRYHU\ LQ IUDFWXUHG RLO UHVHUYRLUV -RXUQDO RI
0ROHFXODU/LTXLGV
>@+LOO)0RQURH60RKDQDQ5  :DWHU
0DQDJHPHQW$Q ,QFUHDVLQJ 7UHQG LQ WKH 2LO
DQG *DV ,QGXVWU\ ,Q 63(($*( (XURSHDQ
8QFRQYHQWLRQDO 5HVRXUFHV &RQIHUHQFH DQG
([KLELWLRQ 6RFLHW\ RI 3HWUROHXP (QJLQHHUV
9LHQQD$XVWULD
>@6NLHUV]NDQ(,UYLQH*'R\OH-.LPSH/
%ODLV -   ,V WKHUH ZLGHVSUHDG PHWDO
FRQWDPLQDWLRQ IURP LQVLWX ELWXPHQ H[WUDFWLRQ
DW&ROG/DNH$OEHUWDKHDY\RLOILHOG"6FLHQFH
RI7KH7RWDO(QYLURQPHQW
>@6LQJK 5 0DKWR 9   6WXG\ RI WKH
SRO\PHUFRQFHQWUDWLRQDQGSRO\PHUFURVVOLQNHU
UDWLRHIIHFWRQJHODWLRQWLPHRIDQRYHOJUDIWHG
SRO\PHU JHO IRU ZDWHU VKXWRII XVLQJ D FHQWUDO
FRPSRVLWH GHVLJQ PHWKRG 3RO\PHUV IRU
$GYDQFHG7HFKQRORJLHV  
>@6KXOHU37DQJ<7DQJ+  +HDY\2LO
3URGXFWLRQ (QKDQFHPHQW E\ 9LVFRVLW\
5HGXFWLRQ 6RFLHW\ RI 3HWUROHXP (QJLQHHUV
63(06

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
4LQJ[LQ6RQJ
%LQQDQ2LO3URGXFWLRQ3ODQW
&KLQD3HWUROHXPDQG&KHPLFDO&RUSRUDWLRQ
6KHQJOL2LOILHOG%UDQFK
6KDQGRQJ%LQ]KRX±&KLQD
HPDLOVRQJTLQJ[LQVO\W#VLQRSHFFRP




© by PSP

Volume 30– No. 01/2021 pages 593-600

Fresenius Environmental Bulletin

CHARACTERIZATION OF MULTI-DRUG RESISTANT
(MDR) STRAINS OF SALMONELLA ENTERICA SEROVAR
TYPHI COLLECTED FROM DIFFERENT LOCATIONS OF
KHYBER PUKHTUNKHWA, PAKISTAN
Sajjad Fazal1, Sadia Alam1,*, Nusrat Saba2, Sidra Naz1, Bushra Jamil1, Attia Shah1,
Toqeer Ahmed3,*, Muhammad Zeeshan Hyder 4
1

Department of Microbiology, The University of Haripur, Haripur, Pakistan
2
Institute of Biomedical and Genetic Engineering, Islamabad, Pakistan
3
Centre for Climate Research and Development, COMSATS University Islamabad, Islamabad Campus, Park Raod, Tarlai Kalan -45550,
Islamabad, Pakistan
4
Department of Biosciences, COMSATS University Islamabad, Islamabad Campus, Park Raod, Tarlai Kalan, Islamabad, Pakistan

strains are completely resistant to specific antibiotic
that is considered as XDR or extensively drug resistant strains. These strains are complicated to treat
and became the main focusing issue in public health
[1]. Multi-drug resistant strains commonly show resistance to first-line drugs such as ampicillin, chloramphenicol and trimethoprim-sulfamethoxazole
recommended for the treatment of typhoid [2]. Risk
factors for the development of resistance in S. typhi
include overuse, misuse, and inappropriate antibiotic
prescribing practices [3].
The prevalence of MDR Salmonella strains has
been increased from 1992 (about 20%) to 2015
(50%), whereas resistance in Salmonella typhi
against fluoroquinolones has been raised in 2002 and
was recorded 96.5% in 2015 [4]. Fluoroquinolones
target DNA gyrase encoded by gyrase A and gyrase
B as well as par E and par C components of DNA
topoisomerase IV. “Signature” mutation at codon 83
and 87 of gyrase A gene sequence results in resistance [5].
A study conducted in Rajshahi Medical College
Bangladesh described that isolated strains of Salmonella typhi were resistant to ciprofloxacin (62.5%)
and ceftriaxone (20.7%), although MDR cases were
17% and XDR 3.7% [6]. PCR technique was used to
detect Gyrase A and CMY-2 gene in all the ciprofloxacin and ceftriaxone resistant Salmonella enterica serovar Typhi isolated from human [7].
In the period of four months, 101 cases of
ceftriaxone-resistant Salmonella typhi were reported
from two districts of Hyderabad. The rate of infection was high in male patients with 56% [8]
(Yousafzai et al., 2019). The majority of Salmonella
isolates were found resistant to ceftriaxone and contain CMY-2 gene [9]. Ciprofloxacin MICs of 0.25–
32 ȝJP/ ZDV REVHUYHG LQ  LVRODWHV RI Salmonella typhi and PCR amplification of the quinolone
resistance-determining regions of gyrA was positive
[10].

ABSTRACT
Typhoid fever caused by Salmonella enterica
serovar Typhi has become a serious public health issue due to the development of resistance worldwide
especially in developing countries including Pakistan. The aim of this study was to assess the antimicrobial susceptibility pattern of Salmonella Typhi
isolated from human blood samples and detect genes
by using PCR technique.
Total 400 blood samples of typhoid confirm patients were cultured on Salmonella-Shigella agar to
isolate Salmonella Typhi. The bacterium was identified through biochemical tests and susceptibility was
checked against ten different antibiotics by using
disk diffusion method. PCR technique was used to
detect different genes after extraction of DNA using
phenol-chloroform method.
Salmonella typhi (27%) was isolated from
blood samples of typhoid patients. Among these,
41% were resistant to ciprofloxacin followed by
34% of ceftriaxone and 25% of streptomycin. Isolated strains were positive for the presence of gyrase
A, CMY-2, spvC and InvA genes detected through
PCR using specific primers.
This study concluded that Salmonella typhi is
developing resistance to antimicrobial agents due to
the transfer of virulence and resistant genes which
may lead to the failure in treatment of typhoid patients in Pakistan.

KEYWORDS:
Salmonella typhi, Susceptibility, Resistance, CMY-2,
SpvC, InvA

INTRODUCTION
Salmonella enterica serovar Typhi strains have
developed resistance to a broad range of antibiotics
known as multi-drug resistance (MDR) while some

593

© by PSP

Volume 30– No. 01/2021 pages 593-600

Fresenius Environmental Bulletin

Salmonella enterica serovar Typhi isolated
from human blood sample was checked for the presence of spvC and invA gene through multiplex PCR
resulted with 85% and 15% respectively [11]. S.
Typhimurium (50%) and S. Enteritidis (47.3%) isolates of human origin were positive for virulent invA
gene while spvC gene was detected in 30 % of S.
Typhimurium and 26.3% in S. Enteritidis strains
[12]. Previous study reported that most of the Salmonella strains isolated from humans and animals contain invA gene that encodes invasive protein whereas
spvC gene commonly present in plasmid and encodes a phosphothreonine lyase to inhibit signal
transduction by inhibiting proinflammatory cytokine
responses in eukaryotic cell and facilitate the bacterium to survive in hard condition with in the host
[13,14].
This study was designed to investigate three
important points. 1) To isolate the resistant strains of
Salmonella enterica serovar Typhi from human
blood. 2) To investigate the resistance pattern of
multi-drug resistant Salmonella enterica serovar
Typhi against ciprofloxacin and ampicillin in Khyber Pakhtunkhwa and 3) to detect virulence and resistant genes in particular bacterium.

The samples were enriched by adding 1 ml of
blood sample in to 9 ml of peptone water and incubated at 37 ႏfor 24 hours.
After incubation a loopful culture of enriched
sample were streaked on Salmonella – Shigella Agar
and incubated for 24 hours at 37 ႏ for growth.
Pure culture of each isolated strain was obtained on Nutrient Agar or Salmonella – Shigella
Agar medium.
Identification of Salmonella typhi: Pure culture was processed to identify all the isolates on the
basis of colony morphology, gram staining examination and biochemical tests.
Sensitivity Testing. Confirmed Salmonella
typhi strains were examined on Muller Hinton Agar
for antibiotic sensitivity pattern of Salmonella enterica serovar Typhi following Kirby-Bauer disk diffusion method according to Behl et al., 2017 [15].
DNA Extraction. Bacterial DNA and plasmid
were extracted by using phenol – chloroform method
according to Freschi and Oliveira, 2005 [16].

MATERIALS AND METHODS

Oligonucleotide Primers. Simple PCR with a
pair of primer (Table 1) were used to detect each targeted gene according to Suman et al., 2016 [6].

Sample Collection: A total of 400 confirmed
typhoid human blood sample were subjected for isolation of Salmonella enterica serovar Typhi. Samples were collected from different pathological laboratories of government hospitals and private clinics of different regions of Khyber Pakhtunkhwa including Swat, Peshawar, Dir, Mardan and Havelian.

Reaction mixture used in the amplification
of targeted genes. $WRWDORIȝORIUHDFWLRQPL[
WXUH ZDV SUHSDUHG LQ D 3&5 WXEH E\ XVLQJ ȝO RI
master mix (a mixture of dNTPs, Taq polymerase,
0J&O3&5EXIIHU ȝORIIRUZDUGSULPHUȝORI
UHYHUVHSULPHUȝORIH[WUDFWHG'1$DQGȝOQX
clease free water (Table 2).

Sample Processing. Blood sample of typhoid
patients were collected in sterile EDTA tubes and
transported to laboratory within ice pack containing
container for further processing.
Samples were stored in refrigerator at 4 ႏbefore processing.

Gel electrophoresis. Bands of amplicons were
observed on UV transilluminator after applying 90
volts for 40 minutes in 2% of agarose gel stained
with Ethidium bromide and 1X TBE (Tris-borateEDTA) buffer.

TABLE 1
Primer sequences used in the amplification of given virulence and resistant genes
Gene

Primer Sequence

Size

Reference

GyrA

F – 5´ TGTCCGAGATGGCCTGAAGC 3´
R – 5´ TACCGTCATAAGTTATCCACG 3´

347 bp

Suman et al., 2016 [6]

CMY-2

F – 5´ ATGATGAAAAAATCGTTATGCT 3´
R – 5´ TTATTGCAGCTTTTCAAGAATGCG 3´

1140 bp

Eguale et al., 2017 [17]

spvC

F – 5´ACTCCTTGCACAACCAAATGC GGA 3´
R – 5´TGTCTTCTGCATTTCGCCACCATCA´3

571 bp

Moussa et al., 2013 [12]

invA

F – ൏*7*$$$77$7&*&&$&*77&***&൏
R – ൏7&$7&*&$&&*7&$$$**$$&&൏

284 bp

Moussa et al., 2013 [12]
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TABLE 2
Conditions for amplification of targeted genes in thermal cycler:
Steps

Temperature (ºC)

Time

No. of Cycles

Initial Denaturation

94

5 min

1

45 sec

35

45 sec

35

1 min

35

Final Denaturation

Annealing

Initial Extension

94
Gyrase A
CMY-2
spvC
invA
SodC
72

52
52
63
59
56

Final Extension

72

10 min

1

Hold

4



-

Havelian
8%
Swat
31%

Mardan
17%

Dir
19%
Peshawar
25%

FIGURE 1
Area wise frequency distribution of Salmonella enterica serovar Typhi

Colony Morphology and Microscopy. Transparent with black centered colonies, pink flat irregular and pink convex spherical colonies with or without H2S production were observed on Salmonella –
Shigella Agar medium (Figure 2). During microscopic examination a Gram-negative bacilli or pink
short rods of Salmonella enterica serovar Typhi
were observed.
TABLE 3
Area wise frequency distribution of typhoid positive samples

RESULTS
Among the 400 immuno chromatographic test
(ICT) base positive blood samples, (27%) Salmonella enterica serovar Typhi were isolated by culturing and biochemical investigation (Figure 1).

FIGURE 2
a) Growth of Salmonella enterica serovar Typhi
on Salmonella – Shigella agar.
b) Microscopic view of Salmonella enterica
serovar Typhi

S.No

Area

Samples

Culture positive

1

Swat

100

33 (33%)

2

Peshawar

100

27 (27%)

3

Dir

70

21 (30%)

4

Mardan

70

18 (25.7%)

5

Havelia

60

9 (15%)

400 (100%)

108 (27%)

Total
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Biochemical Tests. Identification of Salmonella enterica serovar Typhi was performed through
several biochemical tests including Catalase, Oxidase and Indole tests.
Catalase test were found positive while the oxidase and indole tests were noted negative for the
bacterium. Salmonella typhi was confirmed by bioMerieux API20E KIT.

cin, penicillin, streptomycin, vancomycin, aztreonam, imepenam and meropenam. Sensitivity results
were categories as Resistant (R), Susceptible (S) and
Intermediate Resistant (IR) on the basis of Zone of
inhibition measured in millimeter (mm) (Figure 3ab).
High rate of resistance was observed to ciprofloxacin with 41% followed by ceftriaxone with 34 %
and streptomycin with 25% while high sensitivity
was seen to imepenam with 73% followed by aztreonam with 66% (Figure 4). Frequency of ciprofloxacin resistant cases was noted high in Swat with 36%
followed by Peshawar with 31% while high number
of ceftriaxone resistant cases was observed in Peshawar with 36.3 % followed by swat with 33% (Figure 4).
Area wise comparison of antibiotics susceptibility pattern describe the significance of resistant
strains on the basis of chi-square and P-value
(p<0.05>. Significant resistance was observed to
imipanem with P = 0.0079 while the remaing nine
antibiotics has non-significant resistance (Table 4).
DNA Extraction. Bands of extracted DNA
were observed on UV transilluminator after applying
90 volts for 40 minutes to 1% of agarose gel stained
with Ethidium bromide and 1X TBE (Tris-borateEDTA) buffer (Figure 5).
Visualization of amplified genes. The virulent
and antibiotic resistant genes were noted; Gyrase A
a 347 bp product (Figure 6), CMY-2 a 1140 bp (Figure 7), spv C gene 870bp (Figure 8), and Inv A 284bp
(Figure 9).

Resistant Percentage

FIGURE 3 (a-b)
Sensitivity Pattern of Salmonella enterica
serovar Typhi
Antibiotic Sensitivity Tests. Antibiotics susceptibility was detected on Muller-Hinton Agar by
using ten different types of antibiotic discs including
ciprofloxacin, ceftriaxone, gentamycin, erythromy-

DISCUSSION
Regardless of improvement in the field of medicines, treatment of typhoid fever remains a serious

100%
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30%
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CTX

VA
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MEM
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P
E
Antibiotics
Susceptible
Intermediate Resistant

CN

FIGURE 4
Antibiotic Sensitivity Pattern of Salmonella enterica serovar Typhi isolates
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TABLE 4
Comparison of Area Wise Antibiotics sensitivity pattern
S.No
Antibiotics
Chi – square Value
P – Value
1.
CIP
6.04
0.6428
2.
CTX
4.37
0.8223
3.
VA
2.62
0.9559
4.
MEM
7.44
0.49
5.
IPM
20.74
0.0079
6.
S
7.77
0.4563
7.
ATM
5.91
0.6573
8.
P
3.56
0.8945
9.
E
11
0.2017
10.
CN
9.43
0.3073

ST02

ST11

DT17

DT29 MT13 MT25 PT08 HT12
DNA Bands

FIGURE 5
Agarose gel (1%) electrophoresis of DNA extraction. Lane 1 to lane 8 refers to DNA bands extracted from
Salmonella enterica serovar Typhi isolates.
DNA Ladder

ST02

PT08

500
400
300
200

DT17

Gyrase A
347 Base pairs

100

FIGURE 6
Agarose gel (2%) electrophoresis of Gyrase A gene (347bp). Lane 1 100 bp ladder, lane 2, lane 3 and lane 4
Salmonella enterica serovar Typhi isolates
typhoid patients. A total of 41 % Salmonella isolates
were resistant to ciprofloxacin followed by ceftriaxone with 34% and streptomycin with 25%. In comparison to our findings 30.7 % of ciprofloxacin resistant Salmonella strains were isolated by Thong et
al., 2016 [18] while 34.8% of ceftriaxone resistant

public health issue due to the development of resistance in Salmonella serovars especially Typhi to
first line antibiotics and fluoroquinolones.
In present study Salmonella enterica serovar
7\SKLZHUHJURZQLQ  RIKXPDQEORRG
samples collected from confirmed ICT base positive
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MT25

DT29

HT12

1200
1100
1000

CMY-2
1140 Base pairs

500
400
300
200
100

FIGURE 7
Agarose gel (2%) electrophoresis of CMY-2 gene (1140 bp). Lane 1 refers to 100 bp ladder, lane 2, lane 3,
lane 4 and lane 5 refers to Salmonella enterica serovar Typhi isolates
DNA Ladder

ST32

HT07

PT13

spvC
8870 Base pairs

900
800
700
600
500

FIGURE 8
Agarose gel (2%) electrophoresis of spvCgene (870 bp). Lane 1 refers to 100 bp ladder, lane 2, lane 3 and
lane 4 refers to Salmonella enterica serovar Typhi isolates.
DNA Ladder

DT17

MT13

ST05

HT12

InvA gene
284 Base pairs

300
200
100

FIGURE 9
Agarose gel (2%) electrophoresis Inv A gene (284 bp). Lane 1 refers to 100 bp ladder, lane 2, lane 3, lane 4
and lane 5 refers to Salmonella enterica serovar Typhi isolates
strains were noted by Abro et al., 2011 in Dubai [19].
6HFRQGVWXG\FRQGXFWHGE\/DJKDULet al., (2019) describe that the impact of antibiotics including ceftriaxone, cefixime and ciprofloxacin on patients

showed 65.8%, 60.9% and 50.1% sensitivity respectively [20]. This study shows a partial increase in rate
of resistant cases may due to the area wise difference
in use of antibiotics but also confirms that resistance
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has been developed as a result of self-medication and
imbalance use of antibiotics.
A conventional protocol known as phenol –
chloroform method was used for the extraction of
bacterial DNA and bands were confirmed on gel
electrophoresis according to the procedure evaluated
by Freschi and Oliveira, 2005 [16].
A study conducted by Suman et al., 2016 in
Bangladesh is similar to our findings which describe
that isolated Salmonella enterica serovar Typhi were
positive for gyrase A, detected through PCR [6].
Afzal et al., (2013) described that ceftriaxone resistant Salmonella harbored CMY-2 gene and were
detected in majority of Salmonella enterica serovar
Typhi clinical isolates [21]. Integrons were used for
the amplification of conserved regions in resistant
gene. Another study conducted by Nzouankeu et al.,
(2016) in Yaounde results that CMY-2 gene was detected in ceftriaxone resistant Salmonella enterica
serovar Typhi isolated from human [7].
The presence of different types of virulence
genes were investigated in Salmonella enterica
serovar Typhi. SpvC and InvA genes were detected
in this study by using PCR. Similarly, a study conducted by Moussa et al., 2013, S. Typhimurium
(50%) and S. Enteritidis (47.3%) isolates of human
origin were positive for virulent invA gene while
spvC gene was detected in 30 % of S. Typhimurium
and 26.3% in S. Enteritidis strains [12]. In comparison to our study another study designed by Aminia
et al., 2015 revealed that spvC and InvA gene were
detected in Salmonella with the ratio of 85% and
15% respectively [11].
The variable simultaneous co-detection of virulence genes and resistant genes in Salmonella typhi
isolates indicate a continuous transfer of these genes
in subsequent generation of strains prevalent in Khyber Pukhtunkhwa, Pakistan. Current medicines prescribed for therapeutic purpose of typhoidal pathogen may not meet the requirement hence alternate
cure drugs must be framed to combat the disease.

LIST OF ABBREVIATIONS
DNA Deoxyribonucleic Acid
dNTPs
deoxyribonucleotide triphosphate
EDTA
Ethylenediamine tetra-acetic acid
ICT
Immuno – Chromatographic Test
InvA
Invasion Protein
MDR
Multi – Drug Resistant
MIC
Minimum Inhibitory Concentration
PCR
Polymerase Chain Reaction
TBE
Tris-borate-EDTA
UV
Ultraviolet
XDR
Extensively Drug Resistant
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ABSTRACT

INTRODUCTION

The Triassic Yanchang Formation in the Ordos
Basin has developed large-scale delta front subfacies
tight sandstone oil reservoirs. This type of reservoir
has the characteristics of superimposing multiple oil
layers in the vertical direction, and compound contiguous distribution in the horizontal direction.
Therefore, the exploration of tight oil is difficult. In
this paper, taking the Yanchang Formation in Block
A in the southern Ordos Basin as an example, we
comprehensively evaluate the characteristics of tight
sandstone reservoirs in the delta front subfacies,
combining a large amount of sedimentary, lithological, oil-bearing, physical properties and logging data.
The research results show that the lithology of the
target layer Chang 4+5 oil layer group is represented
by light gray fine sandstone and dark gray mudstone
interbedded with gray argillaceous siltstone and silty
mudstone. The main sedimentary structures of the
Yanchang Formation are horizontal bedding and
cross bedding. The delta front subfacies are mainly
divided into three microfacies: underwater distributary channel, distributary channel flanks, and distributary bay. The main rock types of Chang 4+5 reservoir are feldspar sandstone and lithic feldspar sandstone, and the pore types mainly include residual intergranular pores, dissolved pores and intercrystalline pores. The distribution range of sandstone porosity is mainly between 5% and 15%, and the distribution range of sandstone permeability is mainly
between 0.1 and 1×10-3 ȝm2. We determined that the
lower limit of lithology of the industrial oil layer in
the target layer is fine sandstone, the lower limit of
oil grade is oil trace grade, and the lower limit of permeability is 0.10×10-3 ȝm2, by the cumulative oil
storage capacity loss curve.

The Yanchang Formation in the Ordos Basin in
China develops continental lacustrine deposits,
which contain abundant tight oil [1-5]. On the whole,
the Yanchang Formation has problems with multiple
oil-bearing layers, large vertical and horizontal
changes in sand bodies, strong heterogeneity, insufficient natural energy in the reservoir, low gas
productivity, and rapid water cut rising speed [6-9].
The Triassic Yanchang Formation in Block A of the
study area develops multiple oil-bearing formations
in the Chang 4+5, Chang 6, and Chang 8 oil layers.
Among them, the Chang 4+5 member of Yanchang Formation in the study area is a typical delta
front subfacies deposit [10-13]. The delta front subfacies usually have strong longitudinal and planar
heterogeneity [14-18]. Reservoir characteristics and
the evaluation of the lower limit of effective reservoirs are the key to predicting favorable production
areas [19-23]. The lower limit of effective reservoir
is a comprehensive manifestation of provenance,
pore characteristics, sedimentary environment, mineral composition and diagenesis, and it can provide
scientific guidance for finding effective reservoir targets [13-16].
In this paper, we take the Chang 4+5 oil layer
group of Yanchang Formation in Block A of the Ordos Basin as the research object, and describe its reservoir petrological and petrophysical characteristics
in detail, based on stratigraphic correlation and division. On this basis, the lower limit standards for the
petrophysical properties, lithology and oil-bearing
properties of the Chang 4+5 reservoir were determined. This study has important reference value for
the prediction of effective reservoir targets in the
delta front subfacies deposition.

KEYWORDS:
Tight sandstone, lower limit of effective reservoir, delta
front subfacies, Ordos Basin, Yanchang Formation

MATERIALS AND METHODS
Geological background. According to the
basin's current structural morphology and evolution
history, the Ordos Basin can be divided into six primary structural units [2-4]. In the process of tectonic
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evolution, it is generally believed that the tectonic
form of the northern Shaanxi Slope was finally
shaped in the Early Cretaceous. The structural form
of this area is a gentle west-dip monoclinic, the stratum dip is usually less than 1°, and the tectonic undulation degree per kilometer on the plane is about
6-8 m. The study area (Block A) is located in the
middle of the slope of northern Shaanxi. Due to differential compaction, a series of nose-like structures
with axial directions from east to west are formed.
The Chang 4+5 oil layer group is dominated by lithological traps.
The strata encountered in the study area include:
Quaternary and Lower Cretaceous Luohe Formation;
Middle and Lower Jurassic Anding Formation, Zhiluo Formation, Yan'an Formation and Upper Triassic
Yanchang Formation (not penetrated). The Triassic
Yanchang Formation is the main exploration and development target strata in this area. The main production horizons of the oilfield are Chang 4+5 and
Chang 7 oil layer groups. The layer in this study is
the Upper Triassic Yanchang Formation Chang 4+5
reservoir group.
The lithology of Chang 4+5 is composed of
light gray fine sandstone and dark gray mudstone interbedded with gray argillaceous siltstone and silty
mudstone. The regional distribution is relatively stable and the lithology is mainly fine. It is in obvious
contrast with the coarser lithology of Chang 3 and
Chang 6 layers. The Chang 4+5 depositional environment is a reduction-weak reduction environment
dominated by delta deposition.
According to the marker layers and sedimentary cycles, the Chang 4+5 oil layer group is further
subdivided into Chang 4+51 and Chang 4+52 oil
layer subgroups. The K5 marker layer is located on
the top of Chang 4+52, with black shale lithology and
well-developed horizontal bedding. The electrical
characteristics of the marking layer are high acoustic
jet lag, high natural gamma, high natural potential,
low resistivity and sharp knife-like diameter expansion. And generally there will be 3~5 sharp peaks or
knife-like sound velocity and resistance curves with
a thickness of less than 1 m.
The formation of the Chang 4+5 oil layer in the
study area is mainly controlled by the underwater
distributary channel sand bodies in the delta front,
and the sandstones are pinched out and blocked to
form effective traps. The reservoir is mainly controlled by lithology pinch-out and petrophysical
properties. The burial depth of the Chang 4+5 reservoir is 2 042-2 434 m. On the whole, the degree of
differentiation of oil and water molecules is relatively poor, so the reservoir usually does not have
typical edge and bottom water. Chang 4+5 reservoir
is a lithologic reservoir driven by dissolved gas elasticity.

data, we carried out a systematic stratigraphic division and comparative study on 200 wells in the work
area. For specific comparison, firstly, more than 30
wells with complete horizons, easy identification of
markers, and good cyclicity were selected to establish 6 backbone profiles. In turn, a closed backbone
profile network covering the entire area is formed,
which serves as a benchmark for stratigraphic division and comparison in the entire area. After the preliminary results of stratigraphic comparison are
available, we use the top surface structure map and
the stratigraphic thickness map for further verification.
The specific principles of stratigraphic division
and comparison are as follows: First, wells that are
distributed in different locations in the study area and
have obvious marker layers should be selected as
standard wells. Then, on the basis of standard wells,
a closed backbone section covering the entire area
was established as a benchmark for stratigraphic division and comparison in the entire area. The wells
that can be identified by the mark layer are divided
by the mark layer. For the wells that are not easy to
identify the marker layer, comparison is made with
reference to factors such as sedimentary cycles, lithology, lithofacies, log curve combination characteristics, and stratum thickness.
The K5 marker layer is located in the middle of
Chang 4+5, the lithology is black shale, and the horizontal bedding is developed. The electrical characteristics of the marking layer are high sonic jet lag,
high natural gamma, high spontaneous potential, low
resistivity, and knife-like diameter expansion. Generally, it has 3 to 5 sharp peaks or knife-like sound
velocity and resistance curves with a thickness of
less than 1 m. The occurrence rate is 56%, and the
obvious rate is 79%.
At the same time, we used the abundant sediment, core, mineral composition and physical properties of the study area to determine the limited lower
limit of tight sandstone reservoirs. This research has
important guiding significance for accelerating the
exploration of tight sandstone reservoirs of the delta
front subfacies.

RESULTS
Sedimentary facies division mark. The lithology of Chang 4+5 oil layer group is represented by
light gray fine sandstone and dark gray mudstone interbedded with gray argillaceous siltstone and silty
mudstone. Its regional distribution is relatively stable, and the lithology is mainly fine. The log curve is
characterized by a positive natural potential curve, a
high value of the natural gamma curve, and a high
value of the resistivity curve. It is a regional auxiliary
marker layer for the division and comparison of the
Triassic Yanchang Formation, with a thickness of 70115 m.

Methods. Based on high-resolution logging
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Sedimentary facies markers refer to sedimentary characteristics that can reflect sedimentary characteristics and sedimentary environment. The structural structure, mineral composition and grain size
characteristics of sedimentary rocks are the typical
characteristics that determine the facies signs of the
sedimentary environment.
(1) Color signs: Color is the most intuitive and
eye-catching sign of sedimentary rocks and a good
indicator of the sedimentary environment. The sandstone in the Chang 4+5 oil layer group in the study
area is mainly gray, light gray, and gray-white, and
the mudstone is gray or dark gray, indicating that the
clastics were deposited in a partial reduction environment and deep water. The sedimentary environment of the Yanchang Formation is a reduction-weak
reduction environment dominated by delta deposits.
(2) Grain size indicator: The particle size distribution of the sediment is controlled by the hydrodynamic conditions at the time of deposition. It is a direct indicator of the original deposition conditions
and can directly provide the hydrodynamic conditions at the time of deposition.
It can be seen from Figure 1 that there are significant differences in the probability accumulation
curves of underwater distributary channel sedimentary microfacies, estuary bar microfacies and distributary channel microfacies. Both the underwater distributary channel sedimentary microfacies and the
distributary channel sedimentary microfacies present two-stage characteristics, with the main jump
type. It is characterized by a low content of suspended components. It reflects the relatively strong
and stable hydrodynamic conditions. The content of
suspended components in the sedimentary microfacies of distributary channels is lower than that of underwater distributary channels, which is less than 1%.

structures, best reflect the hydrodynamic conditions
in the process of sediment formation. And they are
less affected in the diagenesis stage, so they have
been regarded as important signs for analyzing and
judging sedimentary facies.
According to core observations in the study
area, the Yanchang Formation mainly developed the
following sedimentary structural signs:
Horizontal bedding: It is mainly developed in
mudstone, with thin, clear and parallel layers. It also
represents the characteristics of low flow regimes in
low-energy environments, which are common in the
sediments of diversion bays (Figure 2a);
Cross-bedding: It is a very common type of
bedding structure in sediments such as underwater
distributary channels and estuaries. The inclined
lamina intersects the plane (Figure 2b).
The delta front is a zone where the sand layer is
concentrated in the delta deposition. It is the most
important skeleton part of the delta, and it is located
in the gentle slope of the shallow lake below the estuary. There are many types of sand bodies in this
area. The delta front subfacies in this area are mainly
divided into three microfacies: underwater distributary channel, distributary channel flanks, and distributary bay.
(1) Underwater distributary channel microfacies. The underwater diversion channel is the underwater extension of the land diversion channel. In
the process of extending to the lake, the channel widened, branching increased, the flow rate slowed
down, and the accumulation rate increased. It is
mainly composed of gray thick layered fine sandstone with a small amount of siltstone, argillaceous
siltstone and silty mudstone, presenting a positive
rhythm, and compound rhythms are also seen. And

Sedimentary microfacies. Sedimentary structures in clastic rocks, especially primary sedimentary

FIGURE 1
Variation characteristics of the two-stage particle size curve of the microfacies
in the underwater distributary channel.
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FIGURE 2
Typical core images.
Notes: (a) Well D4, horizontal bedding; (b) Well D1, Cross-bedding.

it often develops cross bedding, block bedding, wavy
bedding and parallel bedding, with an erosion surface on the bottom. The potential curve is a toothed
box or bell-shaped negative anomaly.

and 0.25 mm, and the size of the largest particle is
between 0.25 and 0.45 mm. The rock color is mainly
gray, gray-green and gray-white. The sand body has
a thin-layered to medium-thick layered block structure, and cracks are undeveloped. The average content of each component in the sandstone is: 42.0% of
quartz fragments; 34.2% of feldspar; and 7.9% of
rock fragments. Rock debris includes quartzite, phyllite, schist, eruptive rock, flint and so on. The mineral
maturity of the target sandstone is relatively low, the
internal structure maturity is good to medium, and
the sorting is good. The interstitial materials mainly
include calcite, chlorite, kaolinite, dolomite, hydromica, iron dolomite, siderite, and siliceous.

(2) Distributary bay microfacies. The diversion bay is located in the area between the underwater diversion channel sand bodies of the delta front.
The water body is connected with the open lake water of the pre-delta zone, and is dominated by finegrained sediments. The lithology is thick layered
gray, dark gray mudstone, argillaceous siltstone, siltstone and thin fine sandstone. Plant leaf fossils are
developed in silty mudstone and mudstone. Due to
the rerouting of underwater distributary channels and
the superposition of depositions of different stages,
the interdistributed bay deposits closely coexist with
the underwater distributary channels on the single
well profile and overlap repeatedly. The diversion
bays are mostly composed of mudstone and silty
mudstone. Its spontaneous potential curve shows a
positive anomaly, and its natural gamma curve
shows a mid-to-high value and is tooth-shaped, reflecting a relatively calm sedimentary environment
in a water body.

Petrophysical properties. Sandstone reservoirs have both primary and secondary pores. The
main types of primary pores are residual intergranular pores, and the main types of secondary pores are
dissolved pores (intergranular pores, feldspar pores,
lithic pores) and intercrystalline pores. According to
the statistics of more than 90 core analysis data in
this area, the minimum porosity of Chang 4+5 sandstone is 0.09%, the maximum is 18.4%, and the average is 8.7%. The porosity is mainly distributed between 5% and 15%, which accounts for the total 95%
of the number of samples (Figure 4a). The permeability of Chang 4+5 sandstone is distributed between
0.020~8.9×10-3 ȝm2, with an average of 0.96×10-3
ȝm2, and the main distribution interval is 0.1~1×103
ȝm2. This type of sample accounts for about 42.3%
(Figure 4b). And 70.8% of the samples have a porosity greater than 9%, and the average value is 14.4%;
89.3% of the samples have a permeability greater
than 0.1×10-3 ȝm2, and the average value is 0.28×103
ȝm2.

(3) Distributary channel flanks microfacies.
The distributary channel flanks sediments mainly refer to the sediments developed on both sides of the
main underwater distributary channel. Its lithology is
mainly composed of siltstone and silty mudstone,
and is mainly composed of suspended load fine clastic sediments, with parallel bedding and sand-line
cross bedding. The spontaneous potential curve and
the natural gamma curve often show jagged or finger-like rapid changes, reflecting the rapid changes
in hydrodynamic conditions.

Lower limit standards for lithology, oiliness
and petrophysical properties. Research on the relationship between various properties of rocks has
confirmed that there is a certain internal relationship
between the lithology, petrophysical properties and
oil-bearing properties of the reservoir. Gener

Reservoir petrological properties. Chang 4+5
sandstone reservoirs are mainly fine and fine-medium grain feldspar sandstone, followed by some
lithic feldspar sandstone (Figure 2). The particle size
of rock particles is mainly distributed between 0.1
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FIGURE 3
Composition and classification of the target sandstone in the study area.
Notes: I-pure quartz sandstone; II-quartz sandstone; III-sub-feldspar detrital sandstone or sub-lithic feldspar sandstone; IVfeldspar sandstone; V- detrital feldspar sandstone; VI- feldspar detrital sandstone; VII -Detritus sandstone.

FIGURE 4
Histogram of the porosity and permeability distribution of the target layer in the study area.
Notes: (a) Porosity distribution histogram; (b) Permeability distribution histogram.

ally speaking, oil layers with better oil content have
the characteristics of coarser lithology, better separation and petrophysical properties, and relatively high
oil-bearing grade.

industrial oil flow has been obtained in the target
layer in this area, it can be seen that the cores are
mostly oil trace level or above. Therefore, the lower
limit of the oil level of the target layer is determined
as the oil trace level.

(1) Lithology standard. The target layers in
this area are mainly fine-extremely fine-grained
feldspar lithic sandstone and lithic feldspar sandstone. Sandstone is fine in grain size, which is
mainly fine sandstone. According to the comprehensive statistics of particle size analysis data, thin section data and oil-bearing grade, it is found that siltstone, argillaceous sandstone, and calcareous sandstone generally contain no oil, and only oil traces can
be observed in some siltstones. However, the oil content of fine sandstone is oil spot and above. According to the single wells that have been tested for fracturing in this area, the industrial oil flow wells in the
target layer of the study area are usually fine sandstone grade. Therefore, it can be determined that the
lower limit of the lithology of the industrial oil flow
layer in the target layer in this area is fine sandstone.

(3) Lower limit of petrophysical parameters.
By processing the data of the core samples of the oil
interval of the oil field, we made the porosity and
permeability frequency distribution map of the target
layer, and plotted the cumulative frequency curve of
porosity and permeability and the cumulative oil
storage capacity loss curve on the map. On the permeability frequency distribution map, the lower limit
of permeability is taken as 0.10×10-3 ȝm2, at this
time the cumulative oil production loss is 3.31%, and
the cumulative frequency loss is 10.67%, which is
basically the same as the sampling length in this area,
that is, the thickness loss is 10.67% (Figure 5a). It
can be seen from the porosity-permeability diagram
that when the lower limit of permeability is 0.10×103
ȝm2, the porosity is 9%. According to the porosity
frequency distribution

(2) Oiliness. By observing the sections where
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FIGURE 5
Cumulative frequency curve and cumulative oil storage capacity loss curve of the petrophysical parameters of the target sandstone in the study area.
Notes: (a) Frequency distribution curve of permeability; (b) Frequency distribution curve of porosity.

map, when the lower limit of porosity is 9%, the cumulative oil storage capacity loss is 2.48%, and the
cumulative frequency loss is 12.00% (Figure 5b).
Therefore, when the lower limit of rock porosity is
9%, the lower limit of rock permeability is 0.10×103
ȝm2. The loss of oil storage capacity and oil layer
thickness of the reservoir sand body is small. The porosity and permeability can be used as the lower limit
of the physical properties of the sand body of the target layer.
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ny between the internal and external environments
of the human ecosystem, and the coupling of system structure and function [1]. The greenness of
ecological landscape is an important parameter in
the study of ecological landscape and the relationship between plants and the environment. The
change of greenness can reflect the response of the
earth's biosphere to climate and hydrology seasonally and interannually. It is of great significance for
the in-depth study of the urban garden landscape,
climate change and the relationship between them.
The greenness of ecological landscape is the
proportion of the area covered by vegetation and
the degree of greenness within the scope of the
ecological landscape of urban gardens. Greenness is
essential for beautifying the city, improving the
quality of the urban environment, and optimizing
the urban garden ecological landscape system.
Since greenness is a qualitative index, it is difficult
to describe it in a quantitative way. Therefore, it
brings a certain degree of difficulty to the development of ecological landscape greenness perception
and measurement. After a long period of research,
people have proposed greenness measurement
methods based on moving windows, greenness
perception methods based on hierarchical landscape
models, and greenness measurement methods based
on fuzzy extension analytic hierarchy process [2-4].
The above-mentioned traditional greenness perception measurement mainly uses industrial cameras or
drone equipment to collect images of urban garden
ecological landscape areas, and on this basis, the
perception and measurement of greenness can be
realized. However, the initial images collected by
drones and industrial cameras are extremely susceptible to the external environment and weather
factors. It will reduce the clarity of the initial image,
thereby affecting the result of greenness perception
and measurement. In addition, the traditional measurement method is limited by the life time of the
drone. It cannot provide initial data for the greenness measurement for a long time, and therefore

ABSTRACT
Affected by the clarity and completeness of
the collected data of the urban garden ecological
landscape, the traditional greenness perception
measurement method has the problems of low
measurement accuracy and long dynamic update.
Therefore, in this paper, we propose a dynamic
measurement method for the perception of greenness of urban garden ecological landscape. This
method constructs the greenness perception dynamic measurement index system from the two
aspects of the green coverage rate and greenness
degree of the ecological landscape. Multi-source
remote sensing technology is used to collect urban
garden ecological landscape data. On this basis, the
green area in the landscape data and the perceived
greenness characteristics are extracted, and then,
combined with the growth state of the ecological
landscape, the greenness change rule is determined.
Finally, the perceived greenness characteristic results are substituted into the constructed measurement index system, and the dynamic measurement
results of ecological landscape greenness perception are output. By comparing with traditional
measurement methods, it is concluded that the
measurement error of the designed dynamic measurement method is reduced by 0.02, and the dynamic update time is effectively shortened.

KEYWORDS:
Urban gardens, garden ecological landscape, perception
of greenness, dynamic measurement, greening.

INTRODUCTION
Garden ecological landscape refers to the multi-dimensional ecological network of social, economic and natural complex ecosystems in urban
gardens. It includes natural landscapes such as geography and hydrology, human landscapes such as
population and culture, and emphasizes the harmo-
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FIGURE 1
The process of the dynamic measurement method of ecological landscape greenness perception.
cannot realize the dynamic update of the long-term
greenness measurement result [5-6]. In order to
solve the problems in the above-mentioned traditional methods, we use high-resolution remote
sensing technology to solve the problem of low
resolution and low definition of the initial collected
images, thereby improving the accuracy of the
measurement results. In addition, high-resolution
remote sensing technology can provide urban garden ecological landscape data information for a
long time. At the same time, combining the historical ecological landscape and the natural law of vegetation growth, the dynamic measurement of the
greenness of the ecological landscape is realized. It
can provide scientific reference data for ecological
landscape planning and urban planning.

logical landscape is divided into two aspects, one is
the degree of green coverage in the landscape area,
and the other is the brightness and saturation of the
green color in the green area [3, 7]. Combining the
above two aspects, we can get a comprehensive
measurement result of greenness perception and
realize the dynamic update of greenness.
Construction of greenness perception dynamic measurement index system. Combined
with the principle of measuring the greenness of the
ecological landscape, a dynamic measurement index of greenness perception has been set. The
three-dimensional greenness index is defined as the
proportion of the equivalent basic green vegetation
area in a certain area. It converts the vegetation area
of different heights according to certain rules to
ensure the operability of the data. Then, formula 1
calculates
the
specific
value
of
the
three-dimensional greenness index [8].

MATERIALS AND METHODS
The perceptual dynamic measurement method
of greenness of urban garden ecological garden is
based on the traditional method and realized using
high-resolution remote sensing technology. Its purpose is to improve the measurement result of
greenness perception and the update rate during
dynamic update. Figure 1 shows the implementation process of the optimized greenness perception
dynamic measurement method.
The measurement of the greenness of the eco-
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S in Formula 1 represents the area of the ecological landscape. Ci and Si respectively represent
the vegetation height level and field area corresponding to the i-th vegetation pixel in the ecologiCi Si
cal landscape area. The parameter item
is the equivalent basic green vegetation area of the
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urban garden ecological landscape [4, 9]. The
three-dimensional greenness index is related to the
height of vegetation and the area occupied. Furthermore, formula 2 can be used to calculate the
cross-sectional area and height of a single vegetation canopy.


ª
h h
° S hi S a 2 «1  i 2 c
c
®
¬«
°
¯ H A  tan E

2

º
»
¼»

Bi t

(2)

§ S hi ·
¨
¸¸
j 1¨
© dj ¹
n § 1 ·
¦ j 1 ¨¨ d ¸¸
© j¹

EOI

ij

t

(5)

j 1

(6)

Collection of ecological landscape data in
urban gardens. When using multi-source remote
sensing technology to collect ecological landscape
data, the initial landscape data is collected and
stored according to time. Re-sampling the original
image data can get regular grid data sampled by
distance. To meet the accuracy of extracting information from the green space, the image data is corrected by considering the resolution, time phase,
and coverage of the remote sensing data source [16].
Among them, the resolution of remote sensing image data consists of two parts: spectral resolution
and spatial resolution. It realizes the correction
processing of the collected landscape image data
through steps such as radiation correction, atmospheric correction and geometric correction. In the
atmospheric correction process, we first convert the
DN value of the satellite remote sensor cascade into
the spectral radiance value to be changed. Then, the
conversion result of the spectral radiance value is
converted into the relative reflection value of the
remote sensor again, thereby eliminating the atmospheric image caused by atmospheric absorption
and scattering. At the same time, we can calculate

Among them, dj is the distance between the
ecological landscape center and the vegetation trees.
The index of spot uniformity, spot abundance, edge
strength and ecological landscape connectivity can
reflect the saturation and distribution of green in
urban garden ecological landscape. Regarding all
green areas in the ecological landscape as patches,
and assuming that the uniformity of all patches is
the same, the measurement index of patch uniformity can be expressed as:
1

H t

¦H

In the above formula, Pij and Ppq are any two
patches in the landscape, and the parameter M(Pij(t))
ĶPpq(t) represents the area of the intersecting area
between the two patches. L(t), G(t) and V(t) respectively correspond to the number of connected subnets, vertices and edges in the landscape area. In the
same way, a specific solution method for all indicators in the greenness perception dynamic measurement indicator system can be obtained. Considering the influence and effect of each indicator in
the process of greenness perception measurement,
the weight value of each indicator can be determined [14-15].
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In the formula, S(t) is the area of the entire
ecological landscape. In addition, the edge strength
indicates the strength of the transition between any
two green patches. Connectivity is the degree of
connectivity between various landscapes in the
ecological landscape environment. The calculation
expressions of the above two indicators are as follows:

In the above formula, the parameters hi and hc
respectively represent the perceived height of the
landscape vegetation and the average height of the
canopy, and a and c respectively correspond to the
canopy diameter and polar radius of the vegetation.
In addition, the height of vegetation is mainly obtained by remote sensing projection. A is the actual
shadow length corresponding to the ground in remote sensing projection, and ȕ is the altitude angle
of the sun [10]. Substituting the calculation results
of the vegetation area and height into the solution
process of the three-dimensional greenness index,
the specific value of the corresponding index can be
obtained. In addition to the three-dimensional
greenness index, it is also necessary to set the green
open index, spot uniformity, spot abundance, edge
strength, and ecological landscape connectivity as
other indicators set in the indicator system [11-12].
Among them, the calculation formula of the green
openness index is:

¦

§
1
¨1 
© ni

º2
» (4)
¼

Among them, Hij(t) represents the total area of
green patches, and H(t) is the average unit area of
each green patch in the ecological landscape [13].
The patch abundance index reflects the density of a
certain type of green patches in the landscape. The
calculation formula of the measurement index is:
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the relative reflectivity of the pixels on the earth's
surface. Combining the solar radiation and the atmospheric transmission process, the inversion process of the surface reflectance of remote sensing
image data can be obtained as [7, 17]:

the pixels in the remote sensing image are subjected
to the reverse inversion of reflectivity, and the atmospheric correction output result can be obtained
[18]. Finally, we fused the correction results of the
remote sensing image according to the process
shown in Figure 2 to obtain the collection result of
the urban garden ecological landscape data.

O =S u D 2 u

LsatI  Lhazel
u COS 2 SZ
ESUNI

Extraction of regional information of ecological landscape greenness. Based on the image
data of urban garden ecological landscape, the
green area is extracted. The extraction rules of
green areas are shown in Table 1.
According to the region extraction rules in Table 1, the green band and near-infrared band in the
multi-spectral remote sensing image are used for
identification. It has a weakening effect on the
non-green area information in the shaded area. The
calculation formula for distinguishing green areas
and non-green areas is:

(7)

Panchromatic
image

Multispectral
image

Geometric
correction

Geometric
correction


° NDVI
°
®
° NDGI
°
¯

Image registration

Image fusion

FIGURE 2
The integration process of urban garden ecological landscape data.

(8)

Ecological landscape greenness perception.
We convert the extracted green area into a representation of RGB color space, and calculate the
value of the B component separately. The calculation formula of B component can be expressed as:

In formula 7, D is the distance between the
sun and the earth, and LsatI and Lhazel are the
spectral radiance value and the atmospheric radiance value, respectively, ESUNI is the top solar
irradiance of the atmosphere, and SZ is the solar
zenith angle. The calculation result obtained by
using Equation 7 is the ground reflectivity. Then, all

300

NIR  GREEN
tE
NIR  GREEN

In the formula, NDVI and NDGI are
non-green index and green index respectively. Į and
ȕ are the thresholds of NDVI and NDGI indicators,
respectively [19]. If the landscape image pixel
meets the relationship in formula 8, then the pixel is
considered to be vegetation. The extraction result of
fusion of all pixels is the extraction result of the
greenness area of the ecological landscape.

Comprehensive evaluation and
application

Extraction scale
Pixel layer
50

NIR  RED
tD
NIR  RED

TABLE 1
Extraction rules of ecological landscape green areas.
Extract category
Extraction rules
Fine-scale shadows
Brightness <1200
Grassland
Spatial homogeneity >0.035
NDGI>0.2
Woodland
Spatial homogeneity <0.035
NDGI>0.2
Water body
NDGI>0.05
Fine-scale shadows
Brightness <1200
Area >1500pix
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The beginning
of greenness
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End of
greenness

NDVI cumulative frequency curve
Curvature of fitting curve

Standard NDVI curve
Logarithmic fitting curve

FIGURE 3
The curve of the change law of vegetation greenness.

B

change law curve of the greenness of the ecological
landscape can be drawn, and the result is shown in
Figure 3.
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Realization of dynamic measurement of
greenness perception of ecological landscape.
Based on the greenness perception results of ecological landscape and the greenness change law of
vegetation in urban gardens, the dynamic measurement indexes of greenness perception are calculated respectively [12, 20]. We substitute the solution results of each index into the following formula:

(9)
H represents the H component value in the
HIS color space model. Through the calculation of
formula 9, it is concluded that the closer the value
of B is to 255, the higher the saturation of green
[20].

n

Grn= ¦ xi uKi

Where xi and Și are the green perception
measurement index and its weight value respectively. Because the green degree of ecological
landscape vegetation has a certain change rule, so
the real-time landscape collection of dynamic images also have a certain difference. The real-time
index is substituted into Formula 11, thus we can
realize the dynamic update of perceived greenness
measurement of urban garden ecological landscape.

Analysis on the dynamic changes of greenness of ecological landscape. By collecting the
growth status of vegetation in the ecological landscape, the start time, end time and change curvature
of different vegetation greenness are determined
[21]. The real-time change curvature of the greenness of the ecological landscape vegetation can be
calculated by formula 10.

K

y
2

ª¬1  y º¼

3
2

(11)

i 1

(10)
RESULTS

Where y represents the growth law curve corresponding to the ecological landscape vegetation.
The time corresponding to the location of the
maximum value of the curvature of the fitted curve
is taken as the starting time of the greenness of the
ecological landscape vegetation. And take the time
corresponding to the position of the minimum curvature as the end time. From this, the dynamic

Experiment area and data source. The purpose of this experiment is to verify the measurement performance of the dynamic measurement
method of green perception in urban garden ecological landscape. We chose the largest urban garden ecological landscape area of a city in China as
the research object of this experiment. The ecological landscape area is located at 115° 3L'-126 ° 04'e
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Administrative
Region
Study area

FIGURE 4
Experimental research area.
TABLE 2
Landscape image acquisition equipment parameters.
Data
Parameter name
Parameter value
LiDAR: 1 m
Spatial resolution
RGBI: 0.5 m
<±0.5 m
Multispectral image data Horizontal accuracy
Vertical accuracy
<±0.15 m
Mode
RGBI(Red, green, blue, infrared)

Data acquisition time

2020/5/15

TABLE 3
The result of initial setting of greenness of ecological landscape.
Study area Coverage (%) Green saturation index Comprehensive greenness value
A area
32
0.15
0.48
B area
28
0.12
0.46
C area
33
0.11
0.36
and 47° 05'n -53° 20'N, covering an area of 3 657.8
km2. The schematic diagram of the experimental
object is shown in Figure 4.
Currently, the green area rate in the park is
12%. There are 1073 trees in the park, including 55
tree types.

mental results, the experimental area is divided into
three parts A, B, and C. The initial greenness setting
of each part is shown in Table 3.
Experiment procedure. In this paper, we use
the designed urban garden ecological landscape
greenness perception dynamic measurement method as an experimental method. The traditional
measurement method and the three-dimensional
greenness measurement method based on high spatial resolution remote sensing image proposed in
the reference [1] are used as the experimental comparison method. Then, the three measurement
methods are imported into the main measurement
computer in the form of program codes, and the
relevant data of the experimental area and the initial
greenness data set are imported into the experimental environment. Through the operation of three
measurement methods, the final greenness perception dynamic measurement result is obtained.
Among them, the output result of the design method is shown in Figure 5.

Landscape image acquisition equipment
parameters. The greenness perception dynamic
measurement method of urban garden ecological
landscape designed this time applies remote sensing
data collection technology. Therefore, the specific
acquisition parameters need to be configured in the
experiment. The specific configuration information
is shown in Table 2.
Setting of the initial value of greenness of
urban garden ecological landscape. Since the
greening rate of the selected study area does not
meet the greening requirements of the area, the initial value of greenness can be set by planning and
adjusting the ecological landscape of urban gardens.
In order to ensure the credibility of the experi-
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Three dimensional greenness index
Height: 2.69

Low: 0

FIGURE 5
Perceived result of greenness of ecological landscape.
Measurement comparison results. We set
the test indicators of the experiment to be the
measurement accuracy and the delay time of the
dynamic measurement. The quantified result output
of the greening measurement is compared with the
setting data to obtain the measurement error, so that
the measurement accuracy of different measurement methods can be determined. However, the
dynamic delay time test result can be used to extract the real-time update time by calling the background running data of the main test computer to
determine the dynamic update time. Table 4 shows
the comparison results of the metrics obtained
through data recording and statistics.

Through the analysis of the data in the Table 4,
it can be found that the average measurement error
of the traditional measurement method and the
measurement method proposed in reference [1] is
0.067 and 0.047, while the average measurement
error of the design method is 0.02. In addition, from
the aspect of dynamic update time, the average update time of the traditional method and the measurement method proposed in reference [1] are 4.17
s and 3.23 s, respectively, while the average update
time of the measurement method designed in this
paper is 1.80 s.

TABLE 4
Comparison of measurement accuracy and dynamic delay data.
Measurement method
Test index
A area
Coverage (%)
25
Green saturation index
0.09
Traditional measurement methods
Comprehensive greenness value
0.41
Update duration (s)
4.2
Coverage (%)
28
The measurement method proposed
Green saturation index
0.11
Comprehensive greenness value
0.43
in reference [1]
Update duration (s)
3.7
Coverage (%)
30
The greenness perception dynamic
Green saturation index
0.13
measurement method designed in
Comprehensive greenness value
0.45
this paper
Update duration (s)
2.2
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B area
22
0.10
0.40
3.8
25
0.10
0.42
3.2
28
0.11
0.45
1.8

C area
27
0.08
0.29
4.5
29
0.10
0.31
2.8
31
0.10
0.34
1.4
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[6] Duan, M., Hu, W., Liu, Y., Yu, Z., Baudry, J.
(2019) The influence of landscape alterations
on changes in ground beetle (Carabidae) and
spider (Araneae) functional groups between
1995 and 2013 in an urban fringe of China.
Science of The Total Environment. 689,
516-525.
[7] Li, C. (2020) Landscape design of the urban
bus station based on the urban characteristics
and ecological environment of smart city, China. Fresen. Environ. Bull. 29(4A), 3300-3307.
[8] Zhang, J., Li, Q., Cao, Z. (2019) Quantitative
analysis of green mining and deep bionic green
mining model. Journal of Coal. 44(11),
3281-3294.
[9] Xie, Y., Wu, D. (2020) A Dynamic Measurement Method for Multi-core System Task
Scheduling Algorithm. Computer Applied Research. 36(1), 138-141,145.
[10] Osborne, P., Alvares-Sanches, T. (2019) Quantifying how landscape composition and configuration affect urban land surface temperatures
using machine learning and neutral landscapes.
Computers Environment and Urban Systems.
76, 80-90.
[11] Feng, Y., Jinggui, M. (2018) Rural ecological
landscape construction from the perspective of
rural revitalization strategy. Journal of Landscape Research. 10(4), 138-140.
[12] Li, C. (2020) Landscape design of the urban
bus station based on the urban characteristics
and ecological environment of smart city, China. Fresen. Environ. Bull. 29(4A), 3300-3307.
[13] Boulanger-Lapointe, N., Gérin-Lajoie, J.,
Siegwart Collier, L., Desrosiers, S., Spiech, C.,
Henry, G., Hermanutz, L., Lévesque, E., Cuerrier, A. (2019) Berry plants and berry picking
in Inuit Nunangat: Traditions in a changing socio-ecological landscape. Human Ecology.
47(1), 81-93.
[14] Huang, C., Xu, G., Yang, H., Wei, M., Wang, Z.
(2020). Research of ecological landscape assessment system of highway based on 3d gis.
IOP Conference Series Earth and Environmental Science. 446, 1-4. Article ID: 032063.
[15] Xiao, F., Xiao, L., Guo, F. (2018) A spatial-temporal approach to evaluate the dynamic
evolution of green growth in China. Sustainability. 10(7), 1-15. Article ID: 2341.
[16] Wu, J., Wang, S., Zhang, Y., Zhang, A., Xia, C.
(2019) Urban landscape as a spatial representation of land rent: a quantitative analysis. Computers Environment and Urban Systems. 74,
62-73.
[17] Yu, D., Wang, Y., Zhang, W. (2018) Software
Crowdsourcing Worker Ability Dynamic
Measurement Algorithm. Computer application.
38(12), 3612-3617.

CONCLUSIONS
Urban gardens are an important part of the urban structure. In the process of urban garden construction, we must always follow the principle of
ecological unity. While providing recreational
places for urban residents, it also plays a role in
improving the urban environment. Therefore, we
propose a dynamic measurement method for the
perception of greenness of urban garden ecological
landscape.
(1) From the perspective of measurement accuracy, the average measurement error of the designed urban garden ecological landscape greenness
perception dynamic measurement method is 0.02,
which has obvious advantages;
(2) From the perspective of dynamic update
time, the designed urban garden ecological landscape greenness perception dynamic measurement
method has an average update time of 1.80s, which
has high practical applicability;
(3) The application of measurement methods
to urban planning and garden planning can provide
more accurate and reliable reference data and improve the rationality of urban green space landscape
construction.
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ANALYSIS OF URBAN ECOLOGICAL LANDSCAPE TYPE
CHANGE BASED ON MORPHOLOGICAL SPATIAL
PATTERN ANALYSIS METHOD
Min Yi, Wei Wu*
He Xiangning College of Art and Design, Zhongkai University of Agriculture and Engineering, Guangzhou City 510225, China

for the analysis of urban ecological landscape types
[2].
In recent years, some scholars have done research on the types of urban ecological landscapes.
The literature [3] proposed a correlation analysis of
urban expansion types and ecological landscape
types based on LEI and MSPA, and identified them
by landscape expansion index and morphological
spatial pattern analysis methods. The type of urban
expansion, the establishment of a buffer zone, and
the changes in the ecological landscape in the process of urban expansion. Literature [4] puts forward
a study on the change of urban landscape ecological
pattern in the Fujian Delta, quantitatively analyzes
the overall landscape ecological pattern through RS
and GIS technology, and derives the optimal strategy
for landscape ecological pattern from the patch level
and landscape level.
In order to analyze the changes of urban ecological landscape types more accurately, this article
mainly constructs the H city ecological network
through the morphological spatial pattern analysis
method and the least cumulative resistance model to
realize the change analysis of the H city ecological
landscape types.

ABSTRACT
Analyzing the changes of urban ecological
landscape types has important guiding significance
for improving the ecological landscape. Therefore,
an analysis of urban ecological landscape types
based on the morphological spatial pattern analysis
method is proposed. Taking H city as the research
area, we extract the core area with better landscape
connectivity as the ecological source through the
morphological spatial pattern analysis method
(MSPA) and use the least cumulative resistance
model to construct the H city ecological corridor network. According to the gravity model, we use the
connectivity index to quantitatively analyze the
changing law of urban ecological landscape types,
and give the corresponding ecological network optimization strategy of H city. The simulation experiment results show that there are 12 core areas in the
city that can be used as ecological gardens, 24 important corridors and 30 general corridors, most of
which are distributed in the southern part of the study
area. The research results show that appropriately increasing the planned ecological corridors of H city
can effectively optimize the ecological network of H
city.

MATERIALS AND METHODS
KEYWORDS:
Urban ecological landscape, morphological spatial pattern,
type change, cumulative resistance model

The H city in the central region is selected as
the research city, and the succession process of the
ecological landscape pattern of the H city in the past
few decades is analyzed in detail. City H is located
in a subtropical monsoon climate with four distinct
seasons. The annual frost-free period is about 270
days. The annual average temperature is about 18°C
to 20°C. The annual average total precipitation is
about 1500 mm. The water resource is sufficient,
with an average annual surface runoff of 810×108 cubic meters.
In order to conduct a comprehensive and detailed analysis of the expansion law of H city, it is
necessary to collect a large number of remote sensing satellite images of H city in recent decades and
use it as the main data source. Before performing remote sensing image classification and discrimination,
the image is preprocessed, which mainly includes

INTRODUCTION
Urban ecological landscape science is currently
one of the most abundant, fastest growing and most
influential disciplines in ecology, and it is also an important branch of ecology [1]. In recent years, as the
process of urbanization has accelerated, urbanization
and industrialization in some areas have shown extensive and explosive growth, leading to a series of
problems such as urban environmental degradation,
serious ecological system pollution, and resource
shortages. With its distinctive theoretical characteristics and methodological advantages, urban landscape ecology has become the main research method
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image correction, image denoising and image addition [5-6]. After the remote sensing image is preprocessed, combined with the landscape classification
system and the research experience of relevant experts, the remote sensing image interpretation logo is
constructed, and the human-computer interaction interpretation is performed on the NVI platform.
On the basis of the above analysis, we comprehensively analyze the historical land using basic data
and environmental small satellite data of H city, and
obtain the database of H city landscape types in different periods [7]. According to the needs of landscape analysis, H city can be divided into water, forest, farmland and other different landscapes. In order
to effectively ensure the consistency of the final results, it is necessary to re-sample the data to make
the spatial resolution of different time periods consistent. In order to further determine the process of
land loss in the expansion of H city, the land use
change analysis and modeling project of IDRISI
software is used to quantitatively analyze the land
transfer situation of H city.
The following mainly uses forest land in multiple land use types as the foreground of the spatial
pattern analysis of the research area morphology,
and the remaining land types as the background. The
data is converted into 40m×40m TIFF format binary
raster data, and the morphological spatial pattern
analysis of the data is carried out through the eightdomain analysis method. MSPA can accurately identify the spatial topological relationship between the
structural elements of the target pixel set. Through
the corrosion calculation, the core patch area is obtained, and after a series of mathematical operations
such as expansion, reconstruction, and skeleton extraction, various types of landscapes such as the
background and straight lines of the study area are
obtained, and the analysis results are calculated [810]. The schematic diagram of the 40m×40m binary
raster data in TIFF format is shown in Figure 1.

ments have the function of maintaining the ecological landscape, and they are of great significance for
maintaining the ecological landscape. According to
the theory of landscape ecology, patch area and connectivity are important carriers for ensuring landscape ecological functions. The more commonly
used landscape connectivity indexes mainly include
overall connectivity, possible connectivity, and
patch importance index, among which the patch importance index represents the importance of the
patch, which can better evaluate the level of connection between the core patches in the study area.
Therefore, using the patch area of the core area and
dPC can effectively identify the type of urban ecological landscape, the following specific steps are
given:
(1) Extract the 50 woodland patches with the
largest core area in the study area [11].
(2) Using Conefor2.6 software and referring to
traditional research, the plaque connection distance
threshold is set to 1200m. The probability of connection is set to 06, and the 12 forest lands with the largest dPC value are used as ecological sources for species inhabitation and reproduction.
(3) Calculate the geometric center of the ecological source area to construct the source/sink point
through ArcGIS 10.3 software.
Because the type composition, spatial configuration and ecosystem function of landscape units directly determine the ecological function resistance of
patches in the study area. Therefore, it is necessary
to comprehensively evaluate the ecological value
functions of various landscape types and landscape
patterns and other indicators, copy resistance for different landscape types, and build ecological resistance surfaces [12-14].
We estimate the value of ecosystem services
through related indexes, and calculate the equivalent
of ecosystem service value of different types of
patches. As the study area is subject to greater artificial disturbance, the ecological service value equivalent of construction land is set to zero. Secondly,
research needs to focus on the migration of species
in the ecosystem, and the water area plays a role in
hindering, so the ecological service value equivalent
of the water area needs to be set to zero.
Ecosystem is a kind of dissipative structure system. The index weights are clarified through entropy
method. It can effectively overcome the randomness
and presumption caused by subjective weighting
methods, and it can also effectively solve the problem of information overlap between different index
variables. Therefore, in the process of research, the
entropy method is used to obtain the ecological landscape resistance weights of various land use types in
the research city [15].
The expansion index can quantitatively express
the expansion scale of the landscape and effectively

FIGURE 1
Schematic diagram of 40m×40m binary raster
data.
The core area is mainly a large-scale natural environment, in which a large number of key local ele-
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identify the type of urban spatial expansion. The following indexes are mainly expressed based on the
buffer zone of the expansion patch [3, 16]:

LEI

lationship between the numbers of ecological corridor connections can accurately reflect the complexity of the ecological structure and ecological efficiency [21-22]. The larger the value, the better the
connection performance of the ecological corridor,
and the better the ecological benefits it exerts. The
specific calculation formula is given below:

A0
A0  AV

100 u

(1)
In the formula,  ܫܧܮis the patch buffer index,
ܣ is the expansion patch area, and ܣ is the area occupied by other landscape patches. When analyzing
the expansion process of the city, it is mainly set by
the average patch expansion index, namely:
N

¦

MLEI

i 1

D

(6)
In the above formula,  ܮrepresents the number
of corridors; ܸ represents the number of nodes.

LEI i
N

(2)
Where MLEI is the average patch expansion
index, N is the number of urban landscape patches,
and the area-weighted average patch expansion index is used to consider the status of a single new
patch in all patch expansion types. The specific calculation formula is:
N

AWLEI

¦
i 1

LEI i
N

RESULTS
The definition of landscape types based on the
morphological spatial pattern analysis method and
their corresponding ecological meanings are shown
in Table 1.
The statistical results of H urban landscape
classification based on the morphological spatial pattern analysis method are shown in Figure 2 and Table
2.

§a ·
u¨ i ¸
© A¹

(3)
Where AWLEI is the area-weighted average
patch expansion index, ܽ is the area of each newly
added patch, and  ܣis the total area. The area of ecological resistance in city H is constructed by the minimum cumulative resistance model as follows. The
specific calculation formula is [17]:

MCR

AWLEI u LEI i

(4)
In the formula, MSPA can accurately identify
the topological structure relationship between the
structural elements of the target pixel set [18-19],
and divide the target pixel into a variety of different
ecological landscape types. The following is mainly
based on the ArcGIS 10.3 module for simulation,
and the cost distance model is used to form the ecological resistance surface through the H city ecological resistance coefficient. The geometric center of
the identified ecological source is used as the source
or sink, and the minimum cost path from each point
to other points is calculated to form an ecological
corridor [20]. According to the gravity model, we
calculate the interaction matrix between all ecological sources to form an ecological network in line
with the actual situation of H city. The calculation
formula of the gravity model is:

Gab

L V 1
2V  5

Marginal zone
Pore

Core area

Connecting bridge

Loop
Isolated island

Branch line

FIGURE 2
H city landscape classification statistics results.
It can be seen from Figure 2 and Table 2 that
the core landscape area in the study area is
301821.88hm2, accounting for about 78.4% of the
total forest area, most of which are distributed in the
northern and central regions, and the southern part is
relatively rare. The landscape of the core area of H
city is far away between the north and the south, and
the connectivity between the patches is poor. The
marginal area is 38542.14hm2, accounting for about
10.1% of the total forest area. The pores account for
5.8% of the total forest area, the total area of the two
is only lower than the core area, which also shows
that the forest land in the study area has better marginal effects. The branch line area accounts for 4.1%
of the total area of forest land, which has a good connection effect. The area of the ring road only accounts for 2.7% of the total area, which cannot provide a corresponding migration channel for energy

k u MCR u100%

(5)
In the formula, k is the minimum cost path
from the source point to other points. The network
closure index in the analysis of the corridor network
structure is selected to evaluate the ecological network. The above gravity model effectively describes
the ecological source and the ecological source in the
spatial structure of the ecological landscape. The re-
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TABLE 1
The definition of landscape type and ecological meaning of morphological spatial pattern analysis method
Landscape type
Definition
Ecological meaning
The distance between the foreground pixel and the backContain large natural patches,
Core area
ground pixel is higher than the
wildlife habitats, etc.
set of pixels with arbitrary parameters
No patches in the foreground
Small natural patches, mainly
are connected, which is below
Isolated island
including small urban green
the minimum threshold of the
spaces in built-up areas
core
The hole inside the central area, The construction land within the
mainly composed of backcore area does not include ecoPores
ground
logical benefits
Represents the transition between the core area and conMarginal zone
Outer edge of foreground
struction land, including transition effects
At least two points are conBelt-shaped ecological land
Connecting bridge
nected to different core areas
connecting core areas
At least two points are conEcological corridor connecting
Ring road
nected to the same core area
the same core area
Only one side is connected to
Single ecological patch conBranch line
the edge area, bridge area or
nected to one end of the core
loop area
area
TABLE 2
H city landscape classification statistics based on morphological spatial pattern analysis method
Proportion to the total
Percentage of total forarea of the study area /
Landscape type
Total area/㸦hm2㸧
est area /㸦%㸧
㸦%㸧
Core area
Isolated island
Pores
Marginal zone

301821.88
9258.30
18369.14
38542.14

78.4
3.3
5.8
10.1

50.2
2.3
3.5
6.3

Connecting bridge
Ring road
Branch line

6025.10
5416.20
12584.01

2.5
2.7
4.1

1.9
1.9
2.7

exchange and material circulation. The area of isolated islands occupies 3.3% of the total forest area,
which is relatively small [23]. The connecting bridge
can facilitate the movement of species within the
patch, accounting for 2.5% of the forest area.
Based on the value of patch importance (dPC),
10 ecological sources are selected, which basically
cover the primary ecological control areas in the
study area, as shown in Table 3.
Analyzing Table 3, we can see that there is a
large gap between the dPC values of the ecological
sources of H city. Therefore, it is necessary to build
an ecological network to effectively improve the
adaptability of the ecological environment and increase the connectivity between landscapes. However, there is no core area patch with good connectivity in the southern part of city H, which represents

TABLE 3
Ranking of the importance of the landscape connectivity index of the ecological sources of H cities
Patch imNo.
Patch number
portance index
01
02
03
04
05
06
07
08
09
10

620

10
8
9
21
24
27
30
32
27
20

97.85
3.19
1.74
1.55
1.30
1.28
1.23
1.21
0.15
0.15
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TABLE 4
Ecological resistance value of H city
Resistance factor

Grading index

Resistance value

Woodland

2.46

Urban Construction land

4.42

Cultivated land

3.57

Water area
Other
<300
300~499
500~899
900~1099

<9
9~24
25~34
35~44


5.31
5.66
2.0
3.0
4.0
5.0
6.0
2.0
3.0
4.0
5.0
6.0

Land use type

Elevation/(m)

Slope/(°)

Weights

0.76

the uneven distribution of ecological sources in the
study area, and the north-south connectivity is longer.
In the process of ecological landscape resistance evaluation, the entropy method is used to
weight the resistance of various land types in H city,
as shown in Table 4.
Analyzing the data in Table 4, it is possible to
obtain a resistance surface that is more in line with
the ecological characteristics of H city, and at the
same time build an ecological corridor of H city. The
resistance surface of the study area is shown in Figure 3.

0.07

0.30

Filling type
Marginal type
Enclave type
Original urban land
Buffer

FIGURE 4
Analysis of buffer zone in the study area.
Analyzing the data in Table 5, we can see that
the area of woodland is the largest, followed by construction land. The woodland patches are larger and
can provide animals with favorable habitats. However, as the process of urbanization is accelerating,
the area of cultivated land and water area in city H is
relatively small, which is not conducive to the sustainable development of the city.
The ecological network of City H was identified through the least cumulative resistance model,
and 54 ecological corridors were identified in total,
and the interaction matrix between ecological
sources was constructed through the gravity model.
The ecological corridors with an interaction strength
of more than 0.4 are set as important corridors [2426]. There are 24 important corridors in H city and
30 general corridors. Through the morphological
spatial pattern analysis method (MSPA) and the minimum cumulative resistance model, the ecological

Land used for
Waters
Woodland
building
Cultivated land
Other

FIGURE 3
H city ecological resistance surface.
According to the buffer analysis shown in Figure 4, the H city landscape pattern index and the ecosystem service value are shown in Table 5.
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TABLE 5
H city pattern index and ecosystem service value
Cultivated
Water
Woodland
land
area

Patch type area
Patch density index
Landscape shape index
Maximum Patch index
Scatter and tie index
Patch binding index
Aggregation index
Ecological service value

385121.1
5.80
150.65
28.28
49.85
99.85
97.69
8785244.42

90124.4
10.84
330.52
0.44
72.36
97.63
84.66
358421.52

network of H city is established. Through specific
analysis, it can be seen that the connectivity between
the north and the south of H city is poor, and the
southern part of H city is more suitable for wildlife
habitat. A comprehensive analysis of the patch distribution pattern of H city, combined with relevant
laws and regulations, selects 5 important woodland
patches as ecological sources, increases the planned
ecological corridors of H city, and effectively optimizes the ecological network formed.

30152.5
2.49
81.52
2.46
38.74
99.02
94.85
0.00

Construction land

Other

222551.2
7.20
253.41
23.58
60.74
99.12
93.74
0.00

685.41
0.31
41.32
0.00
61.85
84.52
77.55
140.52
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DETERMINATION OF REACTIONS OF SOME UPLAND
COTTON VARIETIES (GOSSYPIUM HIRSUTUM L.)
AGAINST VERTICILLIUM DAHLIAE KLEB
Oktay Erdogan*
Department of Organic Farming Business Management, School of Applied Sciences,
University of Pamukkale, 20600, Civril, Denizli, Turkey

remaining seed after the ginning, the high protein in
the remaining pulp and the feed industry, while the
linters are used as raw materials in the production
of paper and gunpowder [2-4]. According to the
data of 2019 in the world, 34.7 million hectares of
cotton are cultivated in approximately 70 countries
and an average of 26.7 million tons of fiber cotton
is produced from these areas [5]. In Turkey, four
main regions (Southeastern Anatolia, Aegean,
Çukurova and Antalya) a total of 477 thousand
hectares of upland cotton cultivation and 2.2
million tons of seed cotton yield is produced. About
80% of world cotton production is carried out by
certain countries which Turkey is located [6].
One of the biotic factors affecting the yield
and quality factors in cotton is wilt disease caused
by V. dahliae Kleb. a soil-borne fungus [7]. Pathogen causes wilting in more than 400 plant species,
including cotton [8]. The fungus that causes the
disease can survive in the soil for up to 15 years as
microsclerots and wilt disease can cause significant
yield losses in cotton growing countries [9]. Verticillium wilt has been reported to cause an estimated
annual crop loss of 1.5 million bales worldwide
[10], approximately 148 thousand bales in the 2010
production season in the USA [11] and 480 million
bales in the USA between 1990 and 2014 years
[12].
Verticillium species enter the tissue gradually
from the root, settle in the wood pipes and begin to
develop here and cause clogging by settling in the
veins in the stem and causing chlorosis and necroses in the leaves at first, and then wilt forms thyllose
[13, 14]. The pathogen prevents the transfer of
water and other mineral substances from the root to
the leaves and tissues and then, starting from the
lower leaves, it causes wilt, drying and reduction of
photosynthesis, and changes in yield and fiber quality properties due to shedding in small bolls [15,
16]. V. dahliae Kleb. has two different pathotypes,
non-defoliating pathotype and defoliating pathotype. The defoliating pathotype is highly virulent,
causing the leaves to fall off completely and the
plant to die, while the non-defoliating pathotype is
moderately virulent and causes wilt and a small
amount of leaf fall [17, 18].

ABSTRACT
Verticillium wilt (Verticillium dahliae Kleb.)
is a major wilt pathogen impacting cotton farming
in Turkey. The most efficient and cost-effective
method of controlling the disease is the use of
resistant cotton varieties. The aim of the study was
to determine the reactions of new upland cotton
varieties (G. hirsutum L.) in Turkey against the
defoliating and non-defoliating pathotypes of V.
dahliae Kleb. randomized plot design with five
replications was set up in the growth chamber
conditions. A total of twenty upland cotton varieties
were used resistant-control Giza 75, tolerant-control
Carmen and susceptible-control Acala SJ2 varieties.
9DULHWLHV ZHUH VLJQLILFDQW DW 3  SUREDELOLW\
level for disease severity values in pot trial. Disease
severity values of the varieties were determined
higher in PHCVd47 isolate (defoliating pathotype)
than PHCVd3 isolate (non-defoliating pathotype).
None of the upland cotton varieties were found
resistant in the experiment. Using PHCVd3 and
PHCVd47 isolates of V. dahliae, resistant-control
Giza 75 variety (0.34-0.96) had the lowest disease
severity and followed by tolerant-control Carmen
variety (1.52), Harem 1 (1.54), Efe (1.56), Harem 2
(1.56), May 455 (1.58) and Lima (1.58) varieties in
PHCVd3 isolate; tolerant-control Carmen variety
(1.96), Harem 1 (2.00), Lima (2.04), Harem 2
(2.04) and Efe (2.04) varieties in PHCVd47 isolate.
The highest disease severity values against both
pathotypes were determined in the susceptiblecontrol Acala SJ2 variety (3.20-4.00).

KEYWORDS:
Cotton, Verticillium dahliae, defoliating pathotype, nondefoliating pathotype, disease severity, tolerant

INTRODUCTION
Cotton (Gossypium spp.) is an industrial crop
cultivated in tropical and subtropical regions around
the World [1]. Cotton is important not only for the
gin and textile industry, but for the production of
food and fuel with the crude oil obtained from the
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TABLE 1
Species and origins of cotton varieties in the experiment
Variety
ES1
ES2
SC 2079
SC 2009
Ergüven
Harem 1
Harem 2
Efe
Giza 75 (Resistant control)
Carmen (Tolerant control)
Acala SJ2 (Susceptible control)
Furkan
Lima
BA 440
Astoria
Lodos
DP 332
May 505
May 455
Fiona

Species
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. barbadense
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum
G. hirsutum

Origin
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
EGYPT
AUSTRALIA
USA
TURKEY
TURKEY
TURKEY
TURKEY
TURKEY
USA
TURKEY
TURKEY
AUSTRALIA

Defoliating and non-defoliating pathotypes have
been named T1 and SS4 pathotypes in the USA and
many parts of the world, respectively [19, 20].
Turkey has been reported that the two pathotypes
found. Of these isolates, 93% of the defoliating
isolates were obtained in the Aegean Region and
77% of the non-defoliating isolates were obtained
in Çukurova and Southeastern Anatolia Regions
[21].
Many studies have been conducted to control
Verticillium wilt in cotton. Some cultural control
procedures such as crop rotation, balanced fertilization, balanced irrigation and weed control are recommended in the control against the disease [13].
One of the most effective methods of controlling
wilt disease, which does not have an economic
chemical control is to use resistant varieties [2224]. While Gossypium barbadense L. one of the
two species cultivated in the world and used in
breeding studies is considered wilt resistant, Gossypium hirsutum L. is considered to be more susceptible to wilting [22, 25]. In this context, since the
varieties obtained in the crossbreeding studies
involving G. hirsutum L. lose their durability over
time, the resistant variety development studies
should be made continuous. Many studies to determine the sensitivity of cotton varieties in Turkey as
well as in the world wilt disease was conducted
[24-36]. The aim of the study was to determine the
reactions of new upland cotton varieties (G.
hirsutum L.) in Turkey against the defoliating and
non-defoliating pathotypes of V. dahliae Kleb.
under the growth chamber conditions.

MATERIALS AND METHODS
A total of twenty cotton varieties were used as
plant materials, including resistant-control Giza 75
[27], tolerant-control Carmen [37], and susceptiblecontrol Acala SJ2 varieties [38] and seventeen new
upland cotton varieties developed by the public
institutions and the private sector (Table 1). In
artificial inoculations, isolates the PHCVd3 (nondefoliating pathotype) and PHCVd47 (defoliating
pathotype-Mustafa Kemal University, Faculty of
Agriculture, Department of Plant Protection) of V.
dahliae, that were isolated from cotton and known
their virulence level were used in the study.
Both isolates were developed in Potato
Dextrose Agar (PDA-Difco) in a cooled incubator
(at 24 ± 1oC) for two weeks. Then, spores of both
isolates for the pathogen rapidly developed liquid
broth (0.01 g FeSO4.7H2O, 0.5 g MgSO4.7H2O, 2 g
NaNO3, 1 g K2HPO4, 0.5 g KCl, 7.5 g sucrose, 1 L
sterile distilled water) was prepared. The liquid
broth were autoclaved at 121°C for fifteen minutes
in flasks (1 L), and then allowed to cool to room
temperature. 0.5 mm agar discs were taken from
14-day old both isolates previously developed in
the PDA medium, and transferred to the liquid
broth as one piece per 100 mL and liquid broth
were obtained by mixing in a shaker for fourteen
days.
A mixture soil, sand and peat (v/v; 1:1:1) was
sterilized in an autoclave at 121°C for one hour,
filled with plastic pots (5 cm in diameter) and four
seeds were sown in each pot. After emergence,
seedlings were thinned to one plant per pot. Plants
were grown in a growth chamber (under 12 hrs
light/12 hrs dark cycle at 24 ± 1oC).
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TABLE 2
0-5 Wilt Scale [40]
Scale value
0
1
2
3
4
5

Disease symptoms
No symptoms
Chlorosis in lower leaves
Moderate (30-50% of leaves) wilt with severe chlorosis
Moderate wilt and necrosis
Severe (more than 50% of leaves) wilt and necrosis
Dead plant

TABLE 3
The average values of disease severity for cotton varieties
PHCVd3
PHCVd47 isolate
Variety

Variety
Acala SJ21
3.20 a
Acala SJ21
4.00 a
Fiona
1.90 b
Fiona
2.50 b
Furkan
1.84 bc
Furkan
2.28 c
BA 440
1.78 cd
Astoria
2.20 cd
Lodos
1.78 cd
BA 440
2.20 cd
Astoria
1.77 cd
Lodos
2.18 cde
DP 332
1.75 cd
DP 332
2.16 cde
ES1
1.74 cd
Ergüven
2.12 def
ES2
1.73 cde
ES1
2.12 def
May 505
1.70 de
ES2
2.12 def
Ergüven
1.69 def
SC 2009
2.12 def
SC 2009
1.67 defg
May 505
2.10 defg
SC 2079
1.62 efgh
May 455
2,08 defg
Lima
1.58 fgh
SC 2079
2.08 defg
May 455
1.58 fgh
Efe
2.04 efg
Harem 2
1.56 gh
Harem 2
2.04 efg
Efe
1.56 gh
Lima
2.04 efg
Harem 1
1.54 h
Harem 1
2.00 fg
1.52 h
Carmen2
1.96 g
Carmen2
Õ
Giza 753
0.96 h
Giza 753
Mean
1.69
Mean
2.17
*
Fcultivar
*
Fcultivar
5.39
CV (%)
5.41
CV(%)
1Susceptible-control, 2Tolerant-control, 3Resistant-control, *Different letters between cultivars denote significant differences
(LSD test, 3

The reactions of upland cotton varieties to both
pathotype was determined with conidial suspension
technique in pot trials [38]. After a certain amount
of water was added to the both isolates, conidia was
transferred to the water from the agar surface with a
sterile spatula and spore suspension in the flask was
filtered with a-double layer of cheesecloth to
remove the mycelium and agar particles. When
seedlings were at the 4–6 true leaf stage, root
inoculation was made by pouring 5 mL of a 4 × 106
conidia mL-1 suspension on the bottom parts of
each pot. Control plants were treated similarly with
sterile distilled water. The pot experiment was carried out in a randomized plot design with five replications in the growth chamber (under 12 hrs
light/12 hrs dark cycle at 24 ± 1oC). Assessment of
the leaf severity of wilt symptoms was done nearly
3-5 weeks after inoculation. A wilt scale of 0 to 5
was used according to the percentage of foliage
affected by chlorotic, necrotic and wilt symptoms
and/or defoliation (Table 2). Disease Severity Index
(DSI) value was calculated using the formula and
data obtained from the experiment were subjected
to Arcsin for transformation [39].

DSI=[(a×0)+(b×1)+(c×2)+(d×3)+(e×4)+(f×5)]/M
(1)
where a, b, c, d, e and f refer to the plant number
with degree 0, 1, 2, 3, 4 and 5, respectively. M
refers to total plant number.
Statistical analysis. All data obtained in the
experiments were analysed statistically by using
JMP statistical software program (5.0.1, SAS
Institute, Cary, NC) for analysis of variance and
means were compared using Fisher’s protected least
significance difference (LSD) test at 5% probability
level [41].

RESULTS AND DISCUSSION
The mean disease severity values obtained
from the pot trial of the cotton varieties were given
in Table 3. The difference between the varieties
ZDVIRXQGWREHVLJQLILFDQW 3 in the pot trial.
The mean disease severity values of the PHCVd47
(defoliating pathotype) isolate in the leaves were
found to be higher than those of the PHCVd3 (non-
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defoliating pathotype) isolate. Using PHCVd3
isolates, resistant-control Giza 75 variety (0.34) had
the lowest disease severity value, and followed by
tolerant-control Carmen variety (1.52), Harem 1
(1.54), Efe (1.56), Harem 2 (1.56), May 455 (1.58)
and Lima (1.58) varieties. The average highest
disease severity value was found in the susceptiblecontrol Acala SJ2 variety (3.20). The average
values of disease severity in other varieties were
found between 1.62-1.90. The average lowest
disease severity value in the PHCVd47 isolate was
found again in resistant-control Giza 75 variety
(0.96), followed by tolerant-control Carmen variety
(1.96), Harem 1 (2.00), Lima (2.04), Harem 2
(2.04) and Efe (2.04) varieties. The average highest
disease severity value was determined again in the
susceptible-control Acala SJ2 variety (4.00). The
average values of disease severity in other varieties
were found between 2.08-2.50 (Table 3).
Researchers of the study interpreted this
situation with high virulence, the lack of resistant
cultivars, fast progression of the infection and the
plant’s losing its leaves that did not have any
symptoms in a very fast way after the infection [13,
42, 43, 44, 45]. Researchers reported that varieties
in the growth chamber are very sensitive to the
defoliating pathotype and Carmen variety shows
different levels of resistance to both pathotypes [30,
33, 34, 35, 36]. In a study conducted with five cotton genotypes (G. hirsutum) in greenhouse conditions, it was reported that cotton genotypes show
different degrees of susceptiblity to Verticillium
wilt [46]. In Turkey, twenty-eight commercial varieties against the wilt disease study was conducted
to determine their resistance, all varieties were
found to be moderately susceptible or susceptible
[30]. In the study conducted to determine the susceptibility of ten different cotton varieties against
Verticillium wilt, they reported that Teks, Golda
DQG&DUPHQYDULHWLHVDUHWROHUDQW0DUDú6D\DU
314 and St-453 varieties are susceptible [47]. In a
study determining the susceptibility of some cotton
varieties to defoliating and non-defoliating
pathotypes, reported that the lowest disease severity
against both pathotypes was detected in resistant
control Giza 45 followed by Julia, St-373,
Fibermax 819 and Gloria [48]. In a study
examining the susceptibility of some cotton
varieties to the defoliating (PYDV6 isolate) and
non-defoliating (Vd11 isolate) pathotypes, Giza 45
resistant, Carmen tolerant, Çukurova 1518 and
Acala SJ2 varieties were determined as susceptible
[38]. In another study conducted under greenhouse
conditions, Carmen (10.7%) and Candia (10.9%)
varieties were reported as tolerant, PG2018 (45.0%)
was reported as susceptible [49]. Göre et al. [34]
conducted a study to determine the reactions of ten
genotypes of different Gossypium spp. against both
pathotypes of the pathogen in the growth chamber
and determined that the lowest disease severity

values were in Maydos Yerlisi (G. herbaceum L.)
and Carmen gave values that were similar to this.
Çelik et al. [35] reported that Giza 75 variety is
resistant, Carmen tolerant, Çukurova and Beren
varieties are susceptible to defoliating and nondefoliating pathotypes, Gaia is tolerant against nondefoliating pathotype and Famosa is against defoliating pathotype. In the study conducted to determine the relationship between gossypol level in
cotton varieties and Verticillium wilt, the lowest
disease severity value was found in the resistantcontrol Giza 45 variety containing high gossypol,
while the highest disease severity value was determined in the Gossypolsüz Nazilli variety and the
susceptible-control Çukurova 1518 variety with low
gossypol against the defoliating and non-defoliating
pathotypes [50].

CONCLUSIONS
Verticillium wilt is a common disease in cotton farming and causes economic loss. In recent
years, seen the factors of defoliating and nondefoliating pathotypes in Turkey. One of the most
effective methods of control against Verticillium
wilt is using resistant varieties. Therefore, it is of
great importance to determine the reactions of
widely cultivated varieties against two pathotypes
of the wilt disease. Since the upland cotton varieties
used belong to the G. hirsutum species, no varieties
of resistant has been found in the study. While the
disease severity values of the varieties were found
in different levels in both pathotypes, higher disease
severity values were found in the defoliating pathotype. “Harem 1”, “Harem 2”, “Lima” and “Efe”
varieties found to be tolerant against both
pathotypes were found promising in the disease
tests. However, with the same varieties, a separate
test should be established in the field that is naturally infested with the wilt disease and the varieties
should be tested for wilt disease and seed cotton
yield. These results suggest that “Harem 1”,
“Harem 2”, “Lima” and “Efe” can be used in cotton
breeding programs to develop resistant varieties to
V. dahliae.
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ABSTRACT

INTRODUCTION

At present, the situation of high temperature
and high pressure well annulus pressure generally
appears in the ultra-deep wells. The casing damage
caused by annulus pressure is increasingly serious.
For the long-term service of annulus pressure situation, it is necessary to consider the impact of high
temperature and high pressure environment and annulus pressure on the safety and reliability of casing
and the characteristics of annulus pressure, and
check the casing under high pressure. Therefore, this
paper studies the mechanism and characteristics of
the annular pressure, analyzes the variation of the annular pressure under different conditions, and gives
the calculation methods of the closed annular pressure and the continuous annular pressure. The finite
element method is used to simulate the external load
and miss stress of each section of casing under the
change of annulus pressure. Considering the high
temperature and high pressure environment and the
influence of annulus pressure on the external load,
combined with the casing cement annulus formation
model, the external load calculation model of each
section of casing under the condition of high temperature and high pressure annulus pressure is established, and the external load of the whole life cycle
of casing is established in combination with the relevant working conditions such as drilling and cementing The calculation method is used to evaluate
the safety and reliability of the whole life cycle of
the casing in the ultra-deep well structure in the
south edge, and the relevant control measures to improve the safety and reliability of the casing are put
forward in combination with the evaluation results.

The development of oil and gas resources in ultra-deep wells in the southern margin has the characteristics of high temperature, high pressure and difficulty in well structure design. With the deepening
of oil and gas resources development, casing damage
caused by annulus pressure is becoming more and
more serious [1-4]. The complex piedmont longitudinal pressure system, deep reservoir buried depth
and strong in-situ stress heterogeneity in this area
lead to the difficulties in the design of casing string
of existing well structure and the failure of casing
strength and cement sheath sealing property [5-6].
For the checking of casing strength under annulus pressure in this area, it is necessary to consider
the influence of temperature on casing strength and
the influence of temperature on casing load, establish
an evaluation method of casing safety and reliability
with uncertainty based on reliability theory, and
evaluate the safety and reliability of casing under annulus pressure in the whole well section combined
with safety factor [7-11]. The research results are of
great significance for the effective and safe development of ultra-deep wells.
The closed annulus pressure is generally caused
by the change of temperature and pressure in the
closed annulus due to drilling and oil production
measures, which causes the expansion or contraction
of the annulus fluid and casing [12-13]. Due to the
difference of thermal properties between the liquid
and the casing, the expanded annulus liquid exceeds
the capacity of the closed annulus, resulting in the
change of the annulus volume and pressure. Generally, during the drilling and production stages after
cementing, the bottom hole fluid flows to the wellhead, resulting in the change of annulus temperature
and the formation of closed annulus pressure. In the
process of drilling or oil production in onshore wells
or shallow water dry wellhead, the pressure in the
closed annulus can be released by wellhead valve to
restore the pressure to the original level. However,
in the process of deep-water drilling, due to the complex structure of subsea wellhead, only the annulus
A between the production casing and the production
casing can be depressurized. For the annulus B between the production casing and the technical casing

KEYWORDS:
Oil and gas development, HTHP, Annulus pressure, Casing strength, Casing external load, Safety evaluation
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FIGURE 1
A, B, C annulus pressure statistics.

and the annulus C between the technical casing and
the surface casing, there is no better pressure relief
method.
The pressure values of A, B and C annulus are
calculated as Figure 1. As shown in Figure 1, compared with the B and C annuli, the pressure distribution range of A annulus is wider, ranging from 0 to
80 MPa, and the high frequency occurs between 1050 MPa. However, the distribution range of B annulus is mainly between 0-50mpa, and the number of
killing wells in B annulus decreases with the increase
of annulus pressure. Most of the C annulus pressure
values are within 10 ~ 30 MPa, and more than 50%
of the C annulus pressure values are within 10 MPa.
When the cement ring seal does not fail and there is
leakage in the pipe string, the change of the annular
pressure is different according to the location of the
leakage point. When the leakage point is above the
liquid level and the leakage point is small, the inner
pressure will decrease to a certain extent, and the
outer pressure will rise to a certain extent. However,
the pressure of the inner annulus will be higher than
that of the outer annulus [14]. When the leakage
point is large, the two annuli are connected and the
pressure is similar. When the leakage point is below
the liquid level, the inner and outer annular pressure
is the same, and the inner annular pressure is the difference between the liquid level pressure and the
leakage point pressure. According to the annular
pressure distribution, the inner annulus pressure is
greatly reduced compared with the outer annulus
pressure. According to the statistics and analysis results of the annulus pressure in a block in Xinjiang,
it can be seen that the distribution law of the annular
pressure is relatively complex, and it is impossible to
judge whether the pressure comes from the closed or
continuous annular pressure only from the wellhead
annulus pressure data.

MATERIALS AND METHODS
The annulus pressure generally occurs in the
production stage, when cementing has been completed, and the cement ring connects the formation
and the casing. The upper part of the casing section
is subjected to the pressure of the outer annulus liquid column, and the lower part is subjected to the
earth stress [15-16]. According to the different stress
state of the casing in the well, the casing is divided
into sections, which are the unsealed section outside
the tube, the overlapping section and the formation
section. The unsealed section outside the pipe refers
to the casing section without a cement ring in the
outer annulus of the target casing; the overlapping
section refers to the casing section where there are
multiple layers of casing outside the target casing
and each ring space is filled with cement; formation
section It refers to the casing section with only one
layer of cement ring between the target casing and
the formation [17].
The actual casing is not only subjected to a single external squeezing force or internal pressure, but
also to multiple external loads at the same time. Different external loads also have a certain influence on
the strength, so the casing strength under triaxial
stress needs to be considered calculation API triaxial
anti-extrusion strength is calculated as in formula (1)
[6,18].

pca

3 V  pi 2 1 V a  pi
pco [ 1  ( a
)  (
)]
4
2
Yp
Yp

(1)

The calculation of API triaxial internal pressure
strength is as in formula (2).
pba

pbo [

ri 2
3ro4  ri 4

(

V a  po
Yp

)  1

3ro4
V  po 2
( a
) ]
3ro4  ri 4
Yp

(2)
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Where, V a is the axial casing stress, MPa; po

prefT

is the casing external pressure, MPa; pi is the casing internal pressure, MPa; ri is the casing inner ra-

prefM

dius, mm; ro is the casing outer radius, mm.
The ISO triaxial strength calculation needs
many iterations. The calculation method of triaxial
compression strength is given by formula (3) and (4).

puts

2

2

ke 2 E / [(1  Q )( Dc / G )( Dc / G  1) ]

'pe

k y 2YpG / ( Dc  G )

'p yT

kR

(3)

pM

G
( Dc  G )

(17)

(41 n  1) / 31 n

(18)

2Yp

prefM [1  k R ( Feff / Futs )2 ]1/ 2

(19)

Among
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3
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(16)

formula (19):

(5)

'p yvem

(15)

Take Feff as the iterative variable calculation

(4)

Calculate formula (5) with po as the iterative
variable until formula (6) is satisfied,
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1
( )n puts
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(2 / 3)1 n (1 / 2)n puts
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stress, MPa; po is the casing external pressure,

(8)

k yYp ( Ao  Ai )

Fy

a certain accuracy. Where, V a is the axial casing

(7)

MPa; pi is the casing internal pressure, MPa; Ao is
the casing external cross-sectional area, m2; Ai is
the casing internal cross-sectional area, m2;
From the calculation formula of casing strength
under triaxial stress state, it can be seen that ISO
standard iterates many times according to the initial
external load, and finally achieves higher accuracy.
From the formula point of view, the ISO standard
formula is more comprehensive and more accurate
than the API standard formula.

(9)

'p yvem ! 'p yT

('p yT  'p yvem ) / 2

(10)
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RESULTS

('pe  'p y )  ('pe  'p y ) 2  4'pe 'p y Ht

The whole life cycle safety reliability evaluation method of high temperature and high pressure
wells mainly includes four stages: casing running
process, continuous drilling process, cementing and
pressure testing process, and production process. In
the process of casing running, the axial tension and
the anti-collapse safety and reliability at the level of
the hollowed out liquid level are checked. During the
continuous drilling process, the anti-collapse safety
and reliability during lost circulation and internal
pressure resistance during gas invasion are mainly
considered [20-21]. In the process of cementing and
pressure test, the safety and reliability of internal
pressure resistance in the presence of pressure bump

2(1  Ht )

(12)

pca

'p  pi

(13)

The triaxial internal pressure strength is calculated as in formula (14) [6, 19].

pba

po  min[1 / 2( pM  prefT ), pM ]

(14)

Among:
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FIGURE 2
Structure of a well.

FIGURE 3
Safety evaluation of 20 inch casing.
and pressure test force are mainly considered. Finally, in the production process, the safety and reliability of the casing's internal pressure and anti-extru-

sion resistance under the condition of annulus pressure generated during long-term production are considered.
The well bore structure diagram is as Figure 2.
In order to ensure the safety and reliability of high

634

© by PSP

Volume 30– No. 01/2021 pages 631-637

Fresenius Environmental Bulletin

temperature and high pressure well casing in the
whole life cycle, the safety and reliability of threelayer casing in the process of drilling and cementing
is calculated by using the above-mentioned external
load calculation method under other working conditions.
20 inch casing conditions are calculated as follows: casing running, continue drilling and gas invasion. The results are as shown in Figure 3.
The results show that the maximum allowable
hollowness during casing running is 77%, the dangerous section is the hollowed out liquid level, the
safety factor of anti-collapse is 1, and the safety reliability is more than 80%.In the process of continuous
drilling, the maximum hollowing out degree is 24%,
the dangerous section is at the level of the hollowed
out surface, the safety factor of anti-collapse is 1, and
the safety reliability can reach more than 80%.Under
the condition of gas invasion, the maximum allowable void ratio is 52%, the safety factor against internal pressure is 1.2, and the safety reliability is
100%.The distribution of safety factor during cementing and pressure test is shown as Figure 4.
The results show that the above figure that the
safety factor meets the requirements in the process
of cementing and pressure testing. When cementing,
the inner string is used for cementing at the first
spud, so there is no displacement pressure. The 20
inch casing is mainly subject to external extrusion
pressure, and the minimum external collapse safety
factor appears at the bottom of the well. During pressure test, the string is mainly affected by internal

pressure under the pressure test pressure, and the
minimum safety factor against internal pressure appears at the wellhead. It is concluded that the main
risk of the first 20 inch casing is lost circulation during continuous drilling. When the hollowness
reaches more than 24%, there is a risk of casing collapse at the bottom of the hole.
In the same way, the 13-3/8 inch casing calculated results show that the maximum allowable hollowing out degree of 13-3 / 8-inch casing during casing running is 30%, the dangerous section is the hollowed out section, the anti-collapse safety factor is
1, and the anti-collapse safety reliability is more than
90%.In the process of continuous drilling, the maximum allowable void ratio is 25%, the dangerous section is the bottom of the well, the safety factor of
anti-collapse is 1, and the safety reliability of anticollapse is more than 60%.In the process of gas invasion, the maximum allowable void ratio is 63%,
the dangerous section is the wellhead, the safety factor against internal pressure is 1.2, and the safety reliability of internal pressure resistance is 100%. During the cementing process, the double rubber plug is
used for cementing, and the displacement pressure is
20MPa. The casing is mainly affected by the effective internal pressure. The safety factor against internal pressure has no significant difference in the
whole well section, and the minimum safety factor
against internal pressure appears at the bottom hole
casing shoe. In the process of pressure test, the safety

FIGURE 4
Safety evaluation of 20 inch casing.
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coefficient curve of casing resistance to internal
pressure is similar to that of cementing, and the minimum safety factor of internal pressure resistance appears at the bottom hole casing shoe. When the 13-3
/ 8-inch casing is running in the second spud in, the
maximum allowable hollowing out is large in the
process of gas invasion, and the safety factor of casing in the process of cementing and pressure testing
meets the requirements. The main risk occurs in the
case of gas invasion, and the maximum allowable
hollowness of casing is 25%.
The 9-5/8 inch casing evaluated results show
that, in the process of running casing, the maximum
hollowing out degree is 67%, the dangerous section
appears at the bottom of the hole, the safety factor of
anti-collapse is 1, the safety reliability of anti-collapse is 80%. The maximum allowable hollowing
out degree is 66% in the process of continuous drilling, and the dangerous section appears at the bottom
casing shoe, the anti-collapse safety factor is 1, and
the safety reliability is 50%. In the process of gas invasion, the maximum void ratio is 99%, and the minimum internal pressure resistance coefficient is 1.2
at the wellhead. The safety factor of 9-5 / 8-inch casing during cementing and pressure test meets the requirements. The safety factor of the whole well section is similar, and the dangerous section mainly occurs at the casing shoe at the bottom of the well. During the pressure test, the safety factor of internal
pressure resistance at the bottom hole is close to the
design safety factor of internal pressure resistance of
1.2, but there is a certain safety margin in the designed safety factor of internal pressure resistance of
casing, so it is relatively safe. The 9-5 / 8-inch casing
has a high maximum allowable hollowing out in the
process of casing running, continuous drilling and
gas invasion, so it has high safety and reliability and
can meet the actual application in oilfield.

suggested to reduce the length of the thin-walled section of the 20 inch casing, or increase the first spud
casing with 20 inch thick wall casing, increase the
wall thickness of the second spud casing or improve
the steel grade and reduce the running depth.
The established safety evaluation method is
used to evaluate the whole life cycle. During the
drilling process, the maximum allowable hollowing
degree, safety factor and safety reliability of casing
running, lost circulation and gas invasion are given.
In the process of cementing and pressure testing, the
safety factor and reliability of casing are given. In
the process of long-term service, the maximum allowable pressure value of each annulus between casings is given. Finally, according to the evaluation results, combined with the characteristics of well bore
structure, some suggestions are given to reduce the
risk.
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AGRO-MORPHOLOGICAL PERFORMANCE OF GRASS
PEA (LATHYRUS SATIVUS L.) GENOTYPES WITH LOW
Ǻ-ODAP CONTENT GROWN UNDER MEDITERRANEAN
ENVIRONMENTAL CONDITIONS
Elcin Aksu, Emine Dogan, Mehmet Arslan*
Akdeniz University, Faculty of Agriculture, Department of Field Crops, TR-07059 Antalya, Turkey

agriculture against global climate change >5@. It can
be grown as an ideal legume for resource-poor
farmers, using minimal inputs because of its tolerance to drought and harsh climatic conditions >6@.
Reviews in recent years >7,8@ have indicated
that grass pea has become prominent and that its
production has increased in drought-prone and
marginal areas around the world because of its
ability to provide acceptable yield, even in adverse
and hard climatic conditions >9@. The most important characteristics of this crop that account for
its increased cultivation include high protein
content, high yield potential, low-fertilization
requirements, floods tolerance, salinity tolerance,
and drought survival >10@.
Grass pea has a special advantage over other
plants: Its hardy and penetrating root system allows
cultivation in a broad spectrum of soil types,
including very poor soils. Furthermore, grass pea
root fixes nitrogen its roots in the soil. The nitrogen
fixed by grass pea, meets the plant's own nitrogen
needs and positively affects the soil nitrogen balance >11,12@.
Although grass pea has desirable properties,
the use of grass pea is limited by the presence of a
neurotoxic non-protein amino acid: b-N-oxalyl-La,b-diaminopropionic
acid
(ȕ-ODAP).
The
excessive consumption of grass pea seeds can cause
a neurological disorder (lathyrism), which is known
WR EH FDXVHG E\ ȕ-ODAP >9@ *UDVV SHD ȕ-ODAP
content varies greatly among both genotypes and
environments >13@. Due to the occurrence of
lathyrism in humans and animals recent plant
EUHHGLQJKDVSURGXFHGFXOWLYDUV ZLWKORZ ȕ-ODAP
concentrations. Hence, the study was conducted to
determine seed yield and yield components using
 ,&$5'$ OLQHV ZLWK ORZ ȕ-ODAP content and
two released varieties, ‘Gürbüz-2001’ and ‘Ceora’
in an East Mediterranean environment.

ABSTRACT
Grass pea (Lathyrus sativus L.) is one of the
most suitable legume plants adapted to global
climate change. This study was conducted to
investigate the seed yield and yield components of
26 grass pea genotypes in between 2017 and 2019
at Antalya in an East Mediterranean environment.
Large variations were observed among various
grass pea genotypes in terms of the characteristics
examined, especially for seed yield and biologic
yield. Whereas the GP3 genotype displayed the
highest seed yield (1430.7 kg ha-1) and biologic
yield (4222.3 kg ha-1), GP20 displayed the lowest
seed yield (601.2 kg ha-1), and GP 11 displayed the
lowest biologic yield (2426.8 kg ha-1). The yield
(seed and biological) values of most genotypes in
this special grass pea collection, which was selected
in terms of low ODAP content from ICARDA
lines, was higher than the local variety Gürbüz2001 used as control.

KEYWORDS:
Lathyrus sativus, Grass pea, Seed yield, Biologic yield.

INTRODUCTION
The genus Lathyrus includes a large number
of species (187) >1@. However, only one type of
grass pea is used for human consumption and animal feed and remains an economically important
and widely grown crop >2@. Grass pea (Lathyrus
sativus L.) is an ancient legume crop that is used
worldwide as pasture crop, green fodder, animal
feed, and human food >3@. Currently, many countries are concerned with sustainable increases in
agricultural production to nourish an increasing
population and to mitigate the challenges of climate
change. Grass pea, an orphan legume that grows in
arid and semi-arid areas, represents a promising
alternative and “insurance crop” in areas that are
prone to abiotic stresses >4@. Furthermore, grass pea
is considered a model crop for sustainable

MATERIALS AND METHODS
Twenty four Lathyrus sativus L. ICARDA
OLQHV ZLWK ORZ ȕ-ODAP content, Gürbüz-2001 and

638

© by PSP

Volume 30– No. 01/2021 pages 638-644

Fresenius Environmental Bulletin

Ceora ensured by Dr. Kadambot Siddique (The
University of Western Australia) were used as plant
material. The content of the genetic material used in
the study ranged from 0.244% (GP6) to 0.587%
(GP19) >14@. Field experiments were conducted in
the lowland conditions (approximately 30o 44’ E,
36o 52’ N, 50 m altitude) of the Mediterranean
region of Turkey (Agricultural Faculty of Akdeniz
University) during the 2017-2018 and 2018-2019
growing seasons. Major soil characteristics were as
follows: sandly loam soil texture with a pH 7.4, 2%
organic matter was, 21.5% CaCO3, 5 mg kg-1 of P
(Olsen) and 276 mg kg-1 of K. As depicted in Table
1, average temperature, precipitation, and relative
humidity were 16.55 oC, 446.4 mm and 74.43% in
2017-2018 and 16.22 oC, 1025.8 mm and 71.08% in
2018-2019, respectively.
Seeds of the selected genotypes were sown on
November 10, 2017 and December 28, 2018 using
the randomized complete block design, with three
replications and one experimental plot consisting of
four rows that were 2 m long and 30 cm apart, with
10 cm between rows. Plots were fertilized with 4 kg
ha-1 N and 8 kg ha-1 P2O5 compound fertilizer. The
plants were not irrigated during the trial period.
Weeds were controlled by hand without using
chemicals weedicides. All plots were harvested for
seed yield on June 5, 2018 and June 10, 2019.
Measurements and observations of investigated
characteristics were performed on 10 plants
randomly chosen from the midrow of each plot.
The following characteristics were observed and
measured: the number of flowering days, plant
height, number of branches, pod width, pod length,
number of pods per plant, biological yield, seed
yield, 1000-grain weight, and harvest index >15@.
Analysis of variance was performed on seed
yield and its component data using the SAS 9.3
>16@.

indicated in Table 2. Results revealed considerable
variations in terms of defining characteristics
among the grass pea populations over two years.
Days to 50% flowering ranged between 75.33 and
83.33 days, and GP24 was the earliest genotype,
whereas Gürbüz-2001 was the latest (Table 2).
Plant height, main stem number, pod number, pod
width and pod length ranged between 45.17 and
55.52 cm, 12.03 and 15.17, 12.03 and 17.43, 1.06
and 1.29 cm, and 3.30 and 3.62 cm, respectively.
Biologic yield and seed yield ranged from 2426.8 to
4222.3 kg ha-1, 601.2 to 1430.7 kg ha-1,
repsectively. The highest biological yield and
highest seed yield were obtained from GP3. The
1000-seed weight were ranged between 73.64 to
105.13 g, and Ceora had the highest value (105.13
g). Harvest index values ranged between of 20.51%
to 53.02%.
The results of combined variance analysis for
grass pea genotypes are provided in Table 2. No
statistically significant differences between cultivars in terms of the averages of the two-year data
obtained in the trial were detected. This may be due
to the fact that the genetic material studied was a
collection of special lines selected for low ȕ-ODAP
content. However, the difference between the two
periods (2017-2018 and 2018-2019) was significant
for all features studied, except for pod width. The
difference between years may result from both
sowing time and rainfall amounts. In this regard,
Kosev et al., >17@ indicated that evaluating the environmental as a backgrounds for the selection of
useful genotypes appeared to be a key issues for
improving the efficiency of breeding studies.
Tadesse and Bekele >18@ claimed that the large
differences that existed between grass pea
genotypes for seed yield and yield components
indicated the complexity of traits and the important
role of other factors, such as the environment in
influencing yield potential in addition to the genetic
factors. Furthermore, Tamkoc et al. >19@ suggested
that grass pea productivity depended largely on
climatic
conditions
and
the
individual
characteristics of different varieties.

RESULTS AND DISSUSSION
The mean values of the agro-morphological
performance
of
genotypes
grown
under
Mediterranean environmental conditions are

TABLE 1
Climatic data of Antalya for the experimental periods
Months
November
December
January
February
March
April
May
June
Total
Mean

Temperature (°C)
2017-2018
2018-2019
14.4
18.21
12.0
13.19
10.8
9.76
12.8
11.68
15.0
13.76
18.5
15.99
23.2
21.35
25.77
25.82
16.55
16.22

Precipitation (mm)
2017-2018
2018-2019
48.0
88.9
74.0
283.9
93.0
426
91.0
68.9
94.0
97.20
2.0
30
19.0
8.7
25.4
22.2
446.4
1025.8
-
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Humidity (%)
2017-2018
2018-2019
74.0
55.06
81.8
78.58
72.2
80.25
83.0
75.61
78.9
71.79
68.7
72.06
66.2
67.62
70.67
67.72
74.43
71.08
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TABLE 2
Mean values for some traits of grass pea genotypes
Genotypes

GP1
GP2
GP3
GP4
GP5
GP6
GP7
GP8
GP9
GP10
GP11
GP12
GP13
GP14
GP15
GP16
GP17
GP18
GP19
GP20
GP21
GP22
GP23
GP24
Ceora
Gürbüz2001

ICARDA
genebank
number
117253
117250
117378
117241
117388
117243
117283
117381
117284
117209
117424
117524
117586
117440
117601
117400
117454
117594
117229
117248
117251
117375
117401
117408

Mean
LSD
Year
Year X Genotype

DFL

PH
(cm)

NMS

PN

80,17
77,17
78,50
77,17
80,17
80,83
81,33
75,50
80,50
79,67
81,00
79,50
83,17
78,17
83,33
80,83
80,50
79,67
81,50
80,67
81,33
79,17
78,83
75,33
79,83
83,17

49,45
55,18
52,98
49,12
54,40
50,42
49,95
54,33
52,48
50,14
49,22
50,31
50,51
53,66
49,48
53,03
51,35
52,12
55,52
49,70
50,77
51,85
49,23
45,17
54,42
53,81

14,67
15,17
14,50
13,23
15,10
13,80
13,23
14,60
14,13
13,90
13,53
14,63
14,37
14,80
13,00
14,93
13,93
13,63
15,13
12,37
12,37
13,83
12,80
12,03
14,37
13,00

12,77
16,90
16,03
13,30
17,43
16,00
15,13
14,17
14,83
15,73
12,43
15,27
15,13
15,50
13,00
16,00
14,53
12,03
13,33
13,00
12,20
14,20
12,43
12,23
15,50
13,40

1,23
1,19
1,17
1,22
1,12
1,13
1,19
1,17
1,21
1,17
1,14
1,11
1,29
1,14
1,23
1,19
1,20
1,16
1,17
1,13
1,18
1,15
1,24
1,06
1,27
1,16

79,89
4,29ns

51,49
7,10ns

13,89
1,95ns

14,33
4,73ns

**
ns

**
ns

**
ns

**
ns

PW PL
(cm) (cm)

BY
(kg ha-1)

SY
(kg ha-1)

TSW
(g)

HI
(%)

3,44
3,51
3,46
3,47
3,62
3,44
3,42
3,36
3,51
3,41
3,30
3,35
3,49
3,56
3,49
3,60
3,49
3,36
3,56
3,45
3,41
3,43
3,47
3,30
3,53
3,34

3038,7
3141,2
4222,3
3167,2
2897,7
2442,6
2914,2
2746,4
2548,9
2879,2
2426,8
3370,5
2548,3
3019,4
2607,9
3645,2
2778,3
2993,1
2764,8
2644,0
2698,9
2740,4
3132,4
3953,9
2533,4
2837,2

1154,1
1075,2
1430,7
1033,6
1216,8
683,9
911,3
982,6
866,7
946,4
703,9
1057,2
848,1
793,8
793,5
1112,0
753,6
676,2
779,0
601,2
942,8
927,0
1084,1
1102,7
620,6
880,8

77,19
87,07
73,64
76,03
69,98
75,69
81,36
84,38
82,33
80,87
74,73
84,27
79,69
78,84
81,31
84,26
79,89
76,97
80,09
80,40
85,83
77,66
86,74
70,49
105,13
95,81

39,56
32,76
33,97
31,07
53,02
25,41
30,54
34,37
35,23
31,70
28,48
31,17
32,80
26,79
32,27
30,33
28,58
24,94
30,46
21,41
35,54
33,64
35,47
20,51
24,46
32,54

1,18
0,14

3,45
0,28

2949,7
1409,5ns

922,3
606,0ns

81,18
1,98ns

31,43
17,75ns

ns

ns

ns
ns

**
ns

**
ns

**
ns

**
ns

ns
ns

DFL: days to 50% flowering, PH: plant heigh, NMS: number of main stem, PN: pod number, PW: pod width, PL: pod length,
BY: biologic yield, SY: seed yield,
TSW: thousand seed weight, HI: harvest index, ns: not significant, **: significant at the 0.01 level

respectively. Agronomic and morphological data,
such as seed yield and biologic yield, in these reports are largely similar to the data in our study.
Furthermore, it is also meaningful that the materials
used in our study represented a special collection
selected in terms of its low ȕ-ODAP content. This
choise was based on the fact that low ȕ-ODAP
content is one of the main breeding targets in grass
pea in addition to high seed and biologic yield >23@.
Furthermore, ȕ-ODAP is primarily controlled by
genetic factors and environmental conditions >24@.
Jackson and Yunus >25@ indicated that L. sativus demonstrated great morphological variation,
especially for herbal characteristics such as leaf
length, whereas flower characteristic displayed
much less variability. These variations are definitely the natural result of human selection as well as
geographical differences. For example, seed yield
depends on the number of pods per plant, the number of seeds in the pod, and 1000-seed weight >17@.
Arslan >26@ emphasized the large variation in seed
yield and yield characteristics of grass pea in a
review study related to grass pea cultivation in
Turkey, since grass pea is commonly affected by
climate and environmental conditions.

Kosev and Vasileva >20@ evaluated the biological potential of grass pea varieties in terms of
productivity and productivity components. They
found that the plant height, branch number, pods
per plant, and seed weight per plant ranged between
44.13 and 50.73 cm, 3.73 and 6.00, 9.53 and 15.80,
2.80 and 5.52 g, respectively. Basaran et al., >7@
reported that plant height, seed yield, 1000-seed
weight, and days to flowering ranged from 30.98
cm to 45.63 cm, 1142.4 to 2046.4 kg ha-1, 113.03 to
154.45 g, and 44.67 to 53.67 days across the
seasons under semi-arid conditions in Inner
Anatolia, respectively. Sayar and Han >21@
investigated grass pea lines from ICARDA in
'L\DUEDNÕU LQ 6RXWKHDVWHUQ 7XUNH\ DQG UHSRUWHG
values for the number of pods per plant, the number
of seeds per pod, seed yield, biologic yield, harvest
index, 1000-seed weight as following: 20 to 34,
3.08 to 3.72, 188.3 to 309.2 da-1, 538.2 to 847.1 kg
da-1, 32.0% to 42.8% and 89.3-136.5 g,
respectively. Similarly, Kendir >22@ reported that
plant height and stem number varied between 90.83
to 132.83 cm and 5.50 to 7.50 in a grass pea trial in
Ankara, Turkey. Furthermore, biologic yield, seed
yield, harvest index varied between 529.42-891.52
kg da-1, 153.87-277.77 kg da-1, 23.27-32.93%,
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TABLE 3
Correlation among 10 characters of grass pea genotypes
PH
NMS
PN
PW
PL
BY
SY
TSW
HI
NMS
0.711**
PN
0.515**
0.680**
PW
0.132
0.156
0.027
PL
0.523**
0.550**
0.553**
0.369
BY
-0.143
0.055
0.111
-0.291
-0.051
SY
-0.012
0.236
0.273
-0.079
0.088
0.759**
TSW
0.393*
0.021
0.049
0.452*
0.063
-0.267
-0.288
HI
0.309
0.389*
0.310
0.173
0.357
-0.029
0.575** -0.150
DFL
0.061
-0.071
-0.050
0.349
0.172
-0.501**
-0.389* 0.202
0.123
*, **: Correlation is significant at the 0.01 and 0.05 level, respectively.
PH: plant heigh, NMS: number of main stem, PN: pod number, PW: pod width, PL: pod length, BY: biologic yield, SY: seed
yield,
TSW: thousand seed weight, HI: harvest index, DFL: days to 50% flowering.

TABLE 4
Principal component (PC) analysis of characteristics associated with grass pea genotypes.

Eigenvalues
Explained proportion of variation
(%)
Cumulative proportion of
variation (%)
Characteristics
PH
NMS
PN
PW
PL
BY
SY
TSW
HI
DFL

1
3.1915
31.9

PC axis
2
2.5818
25.8

3
1.1900
11.9

4
1.0036
10.0

31.9

57.7

69.6

79.7

Eigenvectors
0.439
0.480
0.437
0.185
0.436
0.009
0.186
0.099
0.339
0.044

-0.132
0.058
0.097
-0.329
-0.086
0.519
0.504
-0.372
0.128
-0.419

-0.338
-0.199
-0.218
0.358
0.073
-0.079
0.307
-0.264
0.569
0.414

-0.021
-0.134
-0.150
0.527
-0.081
0.366
0.301
0.626
-0.103
-0.215

Correlation coefficients pertaining to seed
yield, biologic yield and yield components are
presented in Table 3. A significant positive
correlation (r = 0.711, p < 0.01) was found between
plant height and main stem number. Furthermore, it
could be seen from Table 3 that the seed yield was
significantly positively correlated to biologic yield
(r = 0.759, p < 0.01) and harvest index (r = 0.575, p
< 0.01). Seed yield was negatively and significantly
associated with days to achieve 50% flowering (r =
-0.389, p < 0.05). Biologic yield was significantly
and negatively correlated to days t oto reach 50%
flowering (r = -501, p < 0.01). An another
significant positive correlation (r = 0.452, p < 0.01)
was found between 1000-seed weight and pod
width. Mihailovic et al. (2013) reported that plant
number, plant heigh, stem number and lateral
branch number, internode number, forage yield, hay
yield and forage dry matter portion were highly
correlated to each other at 0.05 and 0.01 levels of
significance.
Combining high efficiency with high ecological stability is crucial for the selection of grass peas
in limiting environmental conditions >17@. Dahiya
>27@ indicated that lines with low ODAP content

had short maturity duration and low yields and that
even high-yielding lines had a high toxin content.
Kumar and Dubey >28@ indicated that the seed yield
was solidly correlated with pod number per plant.
Basaran et al., >29@ reported that seed yield per
plant was significantly and positively correlated
with most of the investigated characteristics,
especially the pod number per plant, length of
leaflet and petiole length, and main stem number.
%DúDUDQet al., >7@ reported that ODAP's significant
and positive correlation with seed yield demonstrated the potential for the simultaneous improvement
of yield and ODAP and protein content of the various grass pea genotypes.
Morphological features do not wholly explain
the genetic diversity among individuals or populations, as they are affected by environmental factors
and the stage of development of the plant. However, it is important to use morphological data to
evaluate qualitative and quantitative features in
plant breeding >30@. Traditional methods of analysis
are insufficient, and it is difficult for them to reveal
the relationships between features and their optimization and to group and evaluate differences when

641

© by PSP

Volume 30– No. 01/2021 pages 638-644

Fresenius Environmental Bulletin

Kadambot Siddique from The University of
Western Australia and ICARDA for kindly
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using data that vary in nature >31@. Furthermore,
features related to morphology and plant structure
may show more than quantitative variability.
Principal Component Analysis (PCA) was used to
provide a model with reduced dimensions, which
differed significantly from traits measured between
the genotypes >32,33@. The PCA provided a simple
assessment possibility with reduced dimensions as
shown in Table 4.
In our PCA analysis, four of the ten principal
component axes had eigenvalues >1. Therefore,
these four components could be interpreted as reflecting the general variability in the data set without much loss of information. This data reflects the
usual finding in which several dominant PCA explain a high percentage of variance. The first four
components explained 79.70% of the variability
among the 26 grass pea genotypes (Table 4).
Furthermore, PCA 1 was explained 31.90% of the
total variance and was positively correlated with
plant height, main stem number, pod number, pod
length, and harvest index. The PCA 2 explained
25.80% of the total variance and was mainly
correlated with biologic yield and seed yield. PCA
3 was correlated with harvest index and the number
of days to 50% flowering, and it expressed 11.90%
of the total variance. Furthermore, PCA 4 was expressed 10.00% of the total variance and was positively correlated with 1000-seed weight and pod
width.
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*UDSKLFDODEVWUDFW
%&SHDQXWVVKHOOELRFKDU%7EHQWRQLWH%%&PRGLILHGELRFKDU
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FOD\ PLQHUDOV %7 7KH SHDN RI 3E DSSHDUHG LQ WKH
%%&3E VSHFWUXP RI WKH VHOHFWHG DUHD 7KLV
VKRZHG WKDW 3E KDG EHHQ VXFFHVVIXO DGVRUEHG RQ
WKHVXUIDFHRIWKHPRGLILHGPDWHULDO
$FFRUGLQJWRWKH)7,5VSHFWUDZHFDQJHWWKH
FRQFOXVLRQWKDWWKRVHVDPSOHVKDGWKHW\SHDQGFRQ
WHQWRIIXQFWLRQDOJURXSV )LJXUH $VWR%7WKH
)7,5 VSHFWUD LQGLFDWHG DSSHDUHG DW 
     DQG  FP ZHUH DV
FULEHG WR ±2+ &+ & 2 &+ DQG &1 UHVSHF
WLYHO\7KH%&VSHFWUDGHPRQVWUDWHGSHDNVDW
  DQG  FP ZHUH DVFULEHG WR &+
&Ł&& 2DQG&+FP:LWKWKHDGGLWLRQRI%7
WKHVWUHWFKLQJYLEUDWLRQSHDNRIFDUER[\OLFDFLG2+
FP DSSHDUHGLQWKH%%&DQGWKHIXQFWLRQDO
JURXS2+DQG&2ZHUHREYLRXVO\LQFUHDVHG

5(68/76

&KDUDFWHUL]DWLRQ 7KURXJK )LJXUH  ZH FDQ
JHWWKHVXUIDFHIHDWXUHDQGHOHPHQWFRPSRVLWLRQRI
ELRFKDU7KHVXUIDFHPRUSKRORJ\RIHDFKDGVRUSWLRQ
PDWHULDO ZDV VWXGLHG E\ 6(0 GLDJUDP &RPSDUHG
ZLWK %&¶V VPRRWK VXUIDFH WKH VXUIDFH VWUXFWXUH RI
%7ZDVURXJK )LJXUHDDQG)LJXUHE $EXQGDQW
VSHFLILF VXUIDFH DUHD FDQ SURYLGH PRUH DGVRUSWLRQ
VLWHVIRUKHDY\PHWDOV$QG%&&¶VVXUIDFHDSSHDUHG
PDQ\ VPDOO SDUWLFOHV )LJXUH F  ,W ZDV VXLWDEOH WR
LQFUHDVHWKHDGVRUSWLRQFDSDFLW\RIKHDY\PHWDOV
$FFRUGLQJWRWKH('6WKHSHDNVRI&20J
$O6L6ZHUHDOOFRORFDWHGLQWKHVHOHFWHGDUHDRI
%&DQG%7%HVLGHVDODUJHDPRXQWRI6LFDPHIURP


),*85(
6(0DQG('6VSHFWUDRIWKHELRFKDUV
D%&SHDQXWVVKHOOELRFKDUE%7EHQWRQLWHF%%&PRGLILHGELRFKDUG%%&3E
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),*85(
)7,5VSHFWUDRIVDPSOHV
%&SHDQXWVVKHOOELRFKDU%7EHQWRQLWH%%&PRGLILHGELRFKDU



),*85(
;5'VSHFWUDRIVDPSOHV



%&SHDQXWVVKHOOELRFKDU%7EHQWRQLWH%%&PRGLILHGELRFKDU


H[LVWLQJIXQFWLRQDOJURXSVRQWKHELRFKDUV>@7KH
UHVXOWRIRXUVWXG\ )LJXUH VKRZHGWKDWWKHDGVRUS
WLRQRI3EE\ELRFKDUZDVUHODWHGWRLQLWLDOVROXWLRQ
S+>@7KHUHZDVQRVLJQLILFDQWFKDQJHLQWKHUH
PRYDOUDWHDWS+ DQGS+ 'LIIHUHQWS+YDO
XHVDIIHFWWKHDGVRUSWLRQRIKHDY\PHWDOVRQWKHVXU
IDFH FKDUJHRI ELRFKDU >@$WS+  WKH DG
VRUELQJFDSDFLW\EHFDPHORZHUSUREDEO\GXHWRUH
GXFLQJ WKH HOHFWURVWDWLF LQWHUDFWLRQ EHWZHHQ DGVRU
EHQWDQGELRFKDU:LWKWKHLQFUHDVHRIS+WKHVXU
IDFH RI ELRFKDU ZDV GHSURWRQDWHG DQG WKH QHJDWLYH
FKDUJHLQFUHDVHVZKLFKSURYLGHGPRUHFRRUGLQDWLRQ
SRWHQWLDOIRUKHDY\PHWDO3EDQGLPSURYHVWKHUH
PRYDOUDWHRIELRFKDU>@7KLVUHVXOWFRQILUPHGWKDW

7KH;5'TXDOLWDWLYHO\DQDO\]HGWKHFKDQJHRI
WKH RULJLQDO FU\VWDO VWUXFWXUH RI WKH FOD\ PDWHULDO
DGGHGWRWKHELRFKDUDQGQHZFRQVWLWXHQWPROHFXOHV
ZHUH DGGHG )LJXUH  VKRZHG WKH ;5' VSHFWUD RI
%7%&DQG%%&7KHUHZHUHREYLRXVGLIIHUHQFHVLQ
WKHFRPSRVLWLRQRI%&DQG%77KH;5'SDWWHUQRI
%7 RI WKH GLIIUDFWLRQ SHDNV DW ș    
DQGZHUHDVVLJQHGWRG  G  G  
DQGG  SODQHV>@7KHVSLNHDWș ZDV
TXDUW]6L2DFRPPRQLPSXULW\LQFOD\

(IIHFW RI LQLWLDOV VROXWLRQ S+ )XUWKHUPRUH
WKHVROXWLRQS+SOD\VDYLWDOUROHLQWKHDGVRUSWLRQLW
FDQDIIHFWQRWRQO\WKHH[LVWHQFHRI3EEXWDOVRWKH
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ZKHQ S+! WKH DGVRUSWLRQ FDSDFLW\ RI 3E GH
FUHDVHGVLJQLILFDQWO\>@


),*85(
(IIHFWRILQLWLDOVROXWLRQS+RQ3EDGVRUSWLRQ

RUGHU ZDV PRUH ILWWHG ZHOO ZLWK WKH H[SHULPHQWDO
GDWDGXHWRWKHKLJKHU5RIWKH3VHXGRVHFRQGRU
GHU7KLVSURYHGWKDWWKHDGVRUSWLRQSURFHVVRIELR
FKDU WR 3E ZDV D FKHPLFDO SURFHVV FRQWUROOHG E\
VKDUHGHOHFWURQVRUFRQWUROOHGE\WKHFRYDOHQWIRUFH
EHWZHHQWKHDGVRUEHQWDQGWKHDEVRUEHQW>@7KH
H[SHULPHQWDGVRUSWLRQFDSDFLW\ZDVVLPLODUZLWKWKH
WKHRUHWLFDODGVRUSWLRQFDSDFLW\7RIXUWKHUVWXG\WKH
DGVRUSWLRQPHFKDQLVPWKHLQWUDSDUWLFOHPRGHOZDV
XVHG
7KHDGVRUSWLRQLVRWKHUPVRI3EE\%%&XQGHU
GLIIHUHQWWHPSHUDWXUHV ႏ ZHUHVKRZQLQ)LJ
XUH  7KH UHPRYDO UDWH RI 3E LQFUHDVHG ZLWK LQ
FUHDVLQJWHPSHUDWXUHIURPWRႏLQGLFDWLQJID
YRUDEOHDGVRUSWLRQRI3EDWKLJKWHPSHUDWXUH )LJ
XUH 
7KHSDUDPHWHURIDGVRUSWLRQLVRWKHUPVRI3E
DGVRUSWLRQZHUHOLVWHGLQ7DEOH7KHGDWDRIDGVRUS
WLRQLVRWKHUPVZHUHILWWHGE\/DQJPXLUDQG)UHXQ
GOLFKPRGHOV$VVKRZQLQ7DEOHWKHR2RI/DQJ
PXLUPRGHO  ZDVKLJKHUWKDQWKHR2RI
)UHXQGOLFKPRGHO  WKXVWKH/DQJPXLU
PRGHOPRUHGHVFULEHGWKHDGVRUSWLRQSURFHVV,WZDV
LQGLFDWHGWKDWWKHDGVRUSWLRQUHDFWLRQRFFXUUHGRQWKH
VXUIDFH RI ELRFKDU DQG EHORQJHG WR PRQROD\HU DG
VRUSWLRQ,WZDVREYLRXVWKDW qPZDVSRVLWLYHO\FRU
UHODWHGZLWKWHPSHUDWXUHLQGLFDWLQJWKLVDGVRUSWLRQ
ZDVDQHQGRWKHUPLFSURFHVV7KHKLJKHUWKHWHPSHU
DWXUH WKH KLJKHU WKH DGVRUSWLRQ FDSDFLW\ 0HDQ




(IIHFW RI FRQWDFW WLPH DGVRUSWLRQ NLQHWLFV
DQG DGVRUSWLRQ LVRWKHUPV *HQHUDOO\ WKH DGVRUS
WLRQ RI 3E E\ ELRFKDU ZDV D WLPHGHSHQGHQW SUR
FHVV2EYLRXVO\WKHDGVRUSWLRQHTXLOLEULXPUHDFKHG
HTXLOLEULXPUDSLGO\LQPLQXWHV )LJXUH 7KHDG
VRUSWLRQ FDSDFLW\ RI ELRFKDU ZLOO LQFUHDVH ZLWK WKH
LQFUHDVHRIFRQWDFWWLPH
+HUH WKH DGVRUSWLRQ H[SHULPHQW ZDV FDUULHG
RXW ZKHQ WKH FRQFHQWUDWLRQ RI WKH VROXWLRQ YDULHV
IURPWRPJ/E\WKH%&%7DQG%%&7R
DVVHVVDGVRUSWLRQNLQHWLFVRI3EE\WKH%&%7DQG
%%& WKH UHOHYDQW SDUDPHWHUV RI WKH WZR NLQHWLFV
PRGHOV 3VHXGRILUVW RUGHU DQG 3VHXGRVHFRQG RU
GHU  ZKLFK ILWWLQJ H[SHULPHQWDO GDWD ZHUH OLVWHG LQ
WKH 7DEOH ,W ZDV HYLGHQW WKDW WKH 3VHXGRVHFRQG



ZKLOH DFFRUGLQJ WR WKH IRUPXOD R/


 WKH
  bC

R/YDOXHPHDQVWKHW\SHRILVRWKHUP R/!XQIDYRU
DEOHR/ OLQHDUR/IDYRUDEOHR/ LUUH
YHUVLEOH >@$QGWKLVR/YDOXH  UHS
UHVHQWHGWKDWWKHDGVRUSWLRQZDVIDYRUDEOH

),*85(
(IIHFWRIFRQWDFWWLPHRQOHDGLRQVDGVRUSWLRQ
%&SHDQXWVVKHOOELRFKDU%7EHQWRQLWH%%&PRGLILHGELRFKDU
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7$%/(
3VHXGRILUVWRUGHUDQG3VHXGRVHFRQGRUGHUIRUWKH3EDGVRUSWLRQE\WKHSHDQXWVVKHOOELRFKDU %& 
EHQWRQLWH %7 DQGPRGLILHGELRFKDU %%& 
3DUDPHWHUV
%&
%7
%%&
.LQHWLFVPRGHOV
Qe PJǜJ 



Qe PJǜJ 



3VHXGRILUVWRUGHU



K1 PLQ 



R2
Qe PJǜJ 



3VHXGRVHFRQGRUGHU



K2 PLQ 
R2




7$%/(
7KHSDUDPHWHUVRIDGVRUSWLRQPRGHOVLQWKH3EDGVRUSWLRQE\WKHPRGLILHGELRFKDU %%& DWGLIIHUHQW
WHPSHUDWXUH
)UHXQGOLFKPRGHO
/DQJPXLUPRGHO
7
k)
Q
5
qP PJJ 
k/ /PJ 
5
5/
ႏ







ႏ







ႏ









),*85(
7KHDGVRUSWLRQLVRWKHUPVRIDGVRUSWLRQOHDGLRQVE\WKHPRGLILHGELRFKDU %%& 





),*85(
7KHLQWUDSDUWLFOHGLIIXVLRQFXUYHIRU3EDG
VRUSWLRQ

,QRUGHUWRGHVFULEHWKHDGVRUSWLRQPHFKDQLVP
LQPRUHGHWDLOWKHLQWUDSDUWLFOHPRGHOZDVDSSOLHG
7KHLQWUDSDUWLFOH PRGHOZDV qt Ki t  C KL PJǜJ




ǜPLQ ZDVLQWUDSDUWLFOHGLIIXVLRQPRGHOUDWHFRQ



VWDQWC  ZDVLQWUDSDUWLFOHGLIIXVLRQPRGHOUDWHLQ
WHUFHSW UDWH FRQVWDQW t PLQ  ZDV WKH DGVRUSWLRQ
WLPHqW PJǜJ ZDVWKHDPRXQWRI3EDGVRUEHGSHU
XQLWPDVVDWWPRPHQW )RUPDQ\DGVRUSWLRQVUHDF
WLRQFRQWUROWKHDGVRUSWLRQUDWHE\WKHLQWUDSDUWLFOH
GLIIXVLRQ>@$FFRUGLQJWRWKHWqW ILJXUHLWFDQ
EHH[SODLQHGLQWZRVWHSV )LJXUH ,QWKHILUVWVWHS
GXH WR WKH DGYDQWDJHRI WKHELRFKDU¶V VXUIDFH DUHD
WKHDGVRUSWLRQUDWH  UHDFKHGWKHIDVWHVWLQWKH
HDUO\VWDJH 7DEOH +RZHYHULQWKHVHFRQGVWDJH
WKHDGVRUSWLRQUDWH  ZDVVLJQLILFDQWO\VORZHU
7DEOH  EHFDXVH WKH VXUIDFH DGVRUSWLRQ VLWHV KDG
EHHQEDVLFDOO\RFFXSLHG7KHDGVRUSWLRQUDWHLQWKH
VHFRQGVWDJHZDVFRQWUROOHGE\LQWUDSDUWLFOHGLIIX
VLRQ LQ WKH SRUH VWUXFWXUH $V VKRZQ DV )LJXUH 
ZKHQ t0.5  qW ZKLFK PHDQV C C  GHQRWHG
WKDW WKH LQWUDJUDQXODU GLIIXVLRQ ZDV WKH RQO\ GHWHU
PLQLQJIDFWRU>@

7$%/(
7KHSDUDPHWHURILQWUDSDUWLFOHGLIIXVLRQIRU3E
RQWKHPRGLILHGELRFKDU %%& 
7KHILUVWVWDJH
7KHVHFRQGVWDJH
VRUEHQW
K
C
R K
C
R 
%%&      
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>@ =KDQJ /% =KDQJ *: :DQJ 6; 3HQJ
-+&XL:  6XOIRHWK\O)XQFWLRQDOL]HG
6LOLFD 1DQRSDUWLFOH DV DQ $GVRUEHQW WR 6HOHF
WLYHO\ $GVRUE6LOYHU ,RQVIURP $TXHRXV 6ROX
WLRQV-7DLZDQ,QVW&KHP(QJ±
>@ ,Q\DQJ0*DR%<DR<;XH<:=LP
PHUPDQ $5 3XOODPPDQDSSDOOLO 3 &DR
;'   5HPRYDO RI +HDY\ 0HWDOV IURP
$TXHRXV 6ROXWLRQ E\ %LRFKDUV 'HULYHG IURP
$QDHURELFDOO\ 'LJHVWHG %LRPDVV %LRUHVRXUFH
7HFKQRO±
>@ .RORG\QVND ' :QHWU]DN 5 /HDK\ --
+D\HV 0+% .ZDSLQVNL : +XELFNL =
 .LQHWLFDQG$GVRUSWLYH&KDUDFWHUL]DWLRQ
RI%LRFKDULQ0HWDO,RQV5HPRYDO&KHP(QJ
-±
>@:DQ 6/ +H ) :X -< :DQ :% *X
<:*DR%  5DSLGDQG+LJKO\6HOHF
WLYH 5HPRYDO RI /HDG IURP :DWHU 8VLQJ *UD
SKHQH 2[LGH+\GUDWHG 0DQJDQHVH 2[LGH
1DQRFRPSRVLWHV-+D]DUG0DWHU±
>@,KVDQXOODK $EEDV $ $O$PHU $0 /DRXL
7$O0DUUL0-1DVVHU06.KUDLVKHK0
$WLHK0$  +HDY\0HWDO5HPRYDOIURP
$TXHRXV6ROXWLRQE\$GYDQFHG&DUERQ1DQR
WXEHV &ULWLFDO 5HYLHZ RI $GVRUSWLRQ $SSOLFD
WLRQV6HS3XULI7HFKQRO±
>@'DZRRG66HQ7.3KDQ&  6\QWKH
VLVDQG&KDUDFWHUL]DWLRQRI6ORZ3\URO\VLV3LQH
&RQH%LRFKDULQWKH5HPRYDORI2UJDQLFDQG,Q
RUJDQLF 3ROOXWDQWV IURP $TXHRXV 6ROXWLRQ E\
$GVRUSWLRQ .LQHWLF (TXLOLEULXP 0HFKDQLVP
DQG 7KHUPRG\QDPLF %LRUHVRXUFH 7HFKQRO

>@$OKDVKLPL+$$NWDV&%  /LIH&\FOH
(QYLURQPHQWDO DQG (FRQRPLF 3HUIRUPDQFH RI
%LRFKDU &RPSDUHG ZLWK $FWLYDWHG &DUERQ $
0HWD$QDO\VLV 5HVRXU &RQVHUY 5HF\ 
±
>@2OLYHLUD)53DWHO$.-DLVL'3$GKLNDUL
6/X+.KDQDO6.  (QYLURQPHQWDO
$SSOLFDWLRQRI%LRFKDU&XUUHQW6WDWXVDQG3HU
VSHFWLYHV%LRUHVRXUFH7HFKQRO±
>@5DPRV61G&;DYLHU$/37HRGRUR)6
(OLDV 00& *RQoDOYHV )- *LO /) GH
)UHLWDV 53 *XUJHO /9$   0RGHOLQJ
0RQR DQG 0XOWL&RPSRQHQW $GVRUSWLRQ RI
&REDOW ,,  &RSSHU ,,  DQG 1LFNHO ,,  0HWDO
,RQVIURP$TXHRXV6ROXWLRQWRD1HZ&DUER[
\ODWHG6XJDUFDQH%DJDVVH3DUW,%DWFK$GVRUS
WLRQ6WXG\,QG&URS3URG±
>@&KHQ;<<DQJ/670\QHQL6%'HQJ
<  /HDFKLQJRI3RO\F\FOLF$URPDWLF+\
GURFDUERQV 3$+V  IURP 6HZDJH 6OXGJH'H
ULYHG%LRFKDU&KHP(QJ-





&21&/86,21

,Q WKLV VWXG\ D PRGLILHG DGVRUSWLRQ PDWHULDO
%%& ZDVVXFFHVVIXOO\V\QWKHVL]HGWKURXJKPRGL
ILFDWLRQ ZLWK SHDQXW VKHOO DQG EHQWRQLWH XVH WR UH
PRYHOHDGLRQVIURPZDWHU7KH%%&KDGJRRGSHU
IRUPDQFH IRU WKH DGVRUSWLRQ EHFDXVH RI WKH ODUJH
VXUIDFHDUHDDQGIXQFWLRQDOJURXS7KHPD[LPXPDG
VRUSWLRQFDSDFLW\RI%%&IRU3EZDVPJJ
7KH DGVRUSWLRQ GDWD ZHUH EHWWHU PDWFKHG WR /DQJ
PXLUPRGHODQG3VHXGRVHFRQGRUGHU+HQFH%%&
UHPRYHV3EPDLQO\E\FKHPLVRUSWLRQRQLWVPRQR
OD\HUVXUIDFH7KHUHVXOWVRIWKLVVWXG\FDQSURYLGHD
WKHRUHWLFDOEDVLVIRULWVSUDFWLFDODSSOLFDWLRQLQLQGXV
WULDOZDVWHZDWHUWUHDWPHQW


$&.12:/('*(0(17

7KLV ZRUN ZDV VXSSRUWHG E\ WKH 1DWXUDO 6FL
HQFH )RXQGDWLRQ RI =KHMLDQJ 3URYLQFH
/=<&  DQG 1DWLRQDO 1DWXUDO 6FLHQFH
)RXQGDWLRQRI&KLQD JUDQWQXPEHU 

'HFODUDWLRQ RI FRPSHWLQJ LQWHUHVW͘ $XWKRUV
GHFODUHWKDWWKHUHLVQRFRQIOLFWRILQWHUHVWWRGHFODUH


5()(5(1&(6

>@ /L=<0D=:YDQGHU.XLMS7-<XDQ
=:+XDQJ/  $5HYLHZRI6RLO+HDY\
0HWDO3ROOXWLRQIURP0LQHVLQ&KLQD3ROOXWLRQ
DQG+HDOWK 5LVN $VVHVVPHQW 6FL7RWDO (QYL
URQ±
>@ :DQJ)/X;:/L;\  6HOHFWLYH
5HPRYDOV RI +HDY\ 0HWDOV 3E &X DQG
&G IURPE\*HODWLRQZLWK$OJLQDWHIRU(IIHF
WLYH0HWDO5HFRYHU\-+D]DUG0DWHU

>@ 0RQGDO 0.   5HPRYDO RI 3E ,,  ,RQV
IURP $TXHRXV 6ROXWLRQ 8VLQJ $FWLYDWHG 7HD
:DVWH$GVRUSWLRQRQD)L[HG%HG&ROXPQ-
(QYLURQ0DQDJH
>@ /LX < <DQ &- =KDQJ =+ :DQJ +4
=KRX6=KRX:  $FRPSDUDWLYHVWXG\
RQIO\DVKJHRSRO\PHUDQGIDXMDVLWHEORFNIRU
3E UHPRYDO IURP DTXHRXV VROXWLRQ )XHO 
±
>@ :DQJ < :DQJ ;- :DQJ ; /LX 0
<DQJ/=:X=;LD64=KDR-)  
$GVRUSWLRQ RI 3E ,,  LQ $TXHRXV 6ROXWLRQV E\
%DPERR &KDUFRDO 0RGLILHG ZLWK .0Q2 YLD
0LFURZDYH,UUDGLDWLRQ&ROORLGV6XUI$3K\VL
FRFKHP(QJ$VS±
>@ $OL,  7KH4XHVWIRU$FWLYH&DUERQ$G
VRUEHQW6XEVWLWXWHV,QH[SHQVLYH$GVRUEHQWVIRU
7R[LF 0HWDO ,RQV 5HPRYDO IURP :DVWHZDWHU
6HSDUDWLRQ DQG 3XULILFDWLRQ 5HYLHZV   
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>@=KX ;0 :DQJ <6 =KDQJ <& &KHQ
%/  5HGXFHG%LRDYDLODELOLW\DQG3ODQW
8SWDNH RI 3RO\F\FOLF $URPDWLF +\GURFDUERQV
IURP6RLO6OXUU\$PHQGHGZLWK%LRFKDUV3\UR
O\]HG XQGHU 9DULRXV 7HPSHUDWXUHV (QYLURQ
6FL3ROOXW5±
>@:DQJ - ;LD . :DLJL 0* *DR <=
2GLQJD(6/LQJ:7/LX-  $SSOL
FDWLRQRI%LRFKDUWR6RLOV0D\5HVXOWLQ3ODQW
&RQWDPLQDWLRQDQG+XPDQ&DQFHU5LVN'XH7R
([SRVXUH RI 3RO\F\FOLF $URPDWLF +\GURFDU
ERQV(QYLURQ,QW
>@6LPVLU+(OWXJUDO1.DUDJR]6  +\
GURWKHUPDO&DUERQL]DWLRQIRUWKH3UHSDUDWLRQRI
+\GURFKDUV IURP *OXFRVH &HOOXORVH &KLWLQ
&KLWRVDQ DQG :RRG &KLSV YLD /RZ7HPSHUD
WXUH DQG WKHLU &KDUDFWHUL]DWLRQ %LRUHVRXUFH
7HFKQRO±
>@%DEX %9 *XSWD 6   $GVRUSWLRQ RI
&U 9, 8VLQJ$FWLYDWHG1HHP/HDYHV.LQHWLF
6WXGLHV$GVRUSWLRQ  ±
>@$JUDILRWL ( .DOGHULV' 'LDPDGRSRXORV (
  $UVHQLF DQG &KURPLXP 5HPRYDO IURP
:DWHU8VLQJ%LRFKDUV'HULYHGIURP5LFH+XVN
2UJDQLF 6ROLG :DVWHV DQG 6HZDJH 6OXGJH -
(QYLURQ0DQDJ
>@)ULãWiN 9 0LFKiOHNRYi5LFKYHLVRYi %
9tJODãRYi ( ĆXULãND / *DODPERã 0
0RUHQR-LPHQp] ( 3LStãND 0 6RMD *
  6RUSWLRQ 6HSDUDWLRQ RI (X DQG DV IURP
6LQJOH&RPSRQHQW6\VWHPVE\)H0RGLILHG%L
RFKDU .LQHWLF DQG (TXLOLEULXP 6WXG\ - ,UDQ
&KHP6RF
>@=KRX<<7DQJ/<DQJ*'=HQJ*0
'HQJ <& +XDQJ %% &DL < 7DQJ -
:DQJ--:X<1  3KRVSKRUXV'RSHG
2UGHUHG 0HVRSRURXV &DUERQV (PEHGGHG ZLWK
3G)H%LPHWDO1DQRSDUWLFOHVIRUWKH'HFKORULQ
DWLRQ RI 'LFKORURSKHQRO &DWDO 6FL 7HFK
QRO
>@,VPDGML67RQJ'66RHWDUHGMR)($\X
FLWUD$<X:+=KRX&+  %HQWRQ
LWH+\GURFKDU&RPSRVLWHIRU5HPRYDORI$P
PRQLXP IURP .RL )LVK 7DQN $SSO &OD\ 6FL

>@<DR<*DR%)DQJ-=KDQJ0&KHQ+
=KRX <0 &UHDPHU $( 6XQ <1 <DQJ
/<  &KDUDFWHUL]DWLRQDQG(QYLURQPHQ
WDO $SSOLFDWLRQV RI &OD\%LRFKDU &RPSRVLWHV
&KHP(QJ- 
>@%DQHUMHH 6 0XNKHUMHH 6 /DPLQ.DRW $
-RVKL650DQGDO7+DOGHU*  %LR
VRUSWLYH8SWDNHRI)H&XDQG$VE\$FWL
YDWHG %LRFKDU 'HULYHG IURP &RORFDVLD (VFX
OHQWD,VRWKHUP.LQHWLFV7KHUPRG\QDPLFVDQG
&RVW(VWLPDWLRQ-$GY5HV 




>@=KDQJ+2PHU$0+X=<DQJ/<-L
& 2X\DQJ ;.   )DEULFDWLRQ RI 0DJ
QHWLF %HQWRQLWH&DUER[\PHWK\O &KLWRVDQ6R
GLXP $OJLQDWH +\GURJHO %HDGV IRU &X ,,  $G
VRUSWLRQ,QW-%LRO0DFURPRO
>@7DQ:67LQJ$6  $OJLQDWH,PPREL
OL]HG %HQWRQLWH &OD\ $GVRUSWLRQ (IILFDF\ DQG
5HXVDELOLW\ IRU &X ჟ  5HPRYDO IURP $TXHRXV
6ROXWLRQ%LRUHVRXU7HFKQRO
>@DGX %6 6DWKH <' ,QJOH $% &KLNDWH
5&3DWLO.55RGH&9  (IILFLHQF\
DQG 5HF\FOLQJ &DSDELOLW\ RI 0RQWPRULOORQLWH
6XSSRUWHG )H1L %LPHWDOOLF 1DQRFRPSRVLWHV
7RZDUGV +H[DYDOHQW &KURPLXP 5HPHGLDWLRQ
$SSO&DWDO%(QYLURQ
>@/XR 0. /LQ + /L % 'RQJ <% +H
<+:DQJ/  $1RYHO0RGLILFDWLRQRI
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ABSTRACT

INTRODUCTION

In this research, water and sediment of Erhai
Lake were studied to reveal occurrence characteristics and evaluate ecological risk of BPA and steroid
estrogens. The detected concentrations of BPA, E2Į
E1, E2ȕ EE2 and E3 in lake water were
4.02~10.51ng/L, 0.73~24.53ng/L, 2.40~6.52ng/L,
9.17~20.65ng/L,
7.83~26.63
ng/L
and
0.85~57.44ng/L during the dry season, respectively,
while the EEQs ranged 25.94~74.84ng/L. Compared
with dry season, under the influence of initial rain,
the EEQs increased by 57%. PNEC-based ecological
risk assessment results showed that except BPA was
at moderate risk, steroid EDCs were almost at high
risk whether in dry or rainy season. EDCs content in
sediments
UDQJHV
ZHUH
aȝJNJ
QGaȝJNJaȝJNJaȝJ
NJ QGaȝJNJ DQG QGaȝJNJ IRU BPA,
E2ĮE1, E2ȕEE2 and E3, respectively. The highest
concentration section was located near the outlet of
the Erhai Lake as the result of the deep lake water
and the long process of EDCs deposition. By comparing the distribution characteristics of EDCs with
COD, nitrogen and phosphorus, we found that E2Į
E2ȕE3 and EE2 were closely related to soluble total
nitrogen, probably mainly from agricultural nonpoint source pollution during dry season. However,
in rainy season, EDCs in Erhai Lake were more affected by runoff.

Steroid estrogen is a type of endocrine disrupting chemicals (EDCs) or endocrine disruptors (EDs),
which may cause harm to organisms at very low concentration (level of ng/L)[1, 2]. EDCs above the disruption threshold concentration are the main cause of
feminization of some aquatic organisms in natural
water bodies, such as rivers, streams and lakes. Estrone (E1), Į-estradiol (E2Į ȕ-estradiol (E2ȕ 
Į-ethinylestradiol (EE2) and estriol (E3) are the
main substances that interfere with endocrine in sewage or wastewater, mainly from human and mammalian excreta, of which E1, E2ĮE2ȕand EE2 are currently the important feminine substances, showing
strong endocrine-disrupting activity[3-5]. Bisphenol
A (BPA) has been predominantly used in many consumer products, including plastics (as polymers, polycarbonate plastics), PVC, food packaging, dental
sealants, and thermal receipts. As one of the most
produced and consumed chemicals in the world,
BPA has become a public health problem through extensive and continuous exposure [6]. It has been
proved that BPA and steroid estrogens existed
mainly in natural waters, sediments, soil, as well as
sewage and wastewater sludge, with a concentration
ranging from nanogram to microgram level [7, 8],
posing a greater threat to humans and animals. After
BPA enters the human body, it can disrupt normal
cell function by acting as an estrogen agonist [9] and
androgen antagonist [10]. It was suspected that BPA
might affect human development throughout the fetal period and cause cancer [11]. BPA and steroid estrogens have long-term effects on humans, animals
and aquatic organisms, especially, they are considered to be incompletely removed by conventional
secondary sewage treatment processes [12-20] and
had a relatively long environmental degradation
half-life [21-25], so it is particularly important to

KEYWORDS:
BPA, steroid estrogen, occurrence, Erhai Lake, plateau
lake
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carry out regional distribution surveys and risk assessments. Scholars generally focused on the environmental impact of endocrine disruptors in densely
populated and economically developed areas, but
there were few studies on watersheds in the primary
stage of industries where agricultural production is
dominant.
In this study, viewing from agriculture-led Erhai Lake basin, BPA and steroid estrogens of water
and sediment in Erhai Lake were sampled and analyzed, while water quality indicators such as organic
matter, nitrogen, and phosphorus were also monitored simultaneously. We expect analyze the ecological risks of BPA and steroid estrogens and their potential relationship with water quality indicators to
provide data support for the safety of drinking water
sources.

MATERIALS AND METHODS
Study area and sample collection. Erhai Lake
is located in Yunnan Province, Southwest of China,
and it is an important source of drinking water in
Dali Prefecture, Yunnan Province. The basin has a
total area of 2565 km2, including lake area of 252.1
km2. Erhai Lake has a maximum water depth of
21.3m, an average water depth of 10.8m, and a lake
capacity of 2.959 billion m3. Erhai Lake is a typical
plateau lake with a small annual runoff. The lake water exchange cycle takes several years. Due to its remote location, the Erhai Lake Basin is dominated by
agricultural production and tourism, and there is almost no industry. Therefore, the water quality of Erhai Lake has been excellent so far.
This study set 19 sampling sections for EDCs
detection in Erhai Lake. Sampling sections location
is shown in Figure 1 and Table 1. Bottom (50cm to
sediment), surface (50cm to surface level) waters
and sediments (0~10cm of surface sediments) were
taken twice at each sampling section, respectively.

FIGURE 1
Study area location and sampling sections
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TABLE 1
Information of sampling sections
Sampling number
S1
S2

S3

S4

S5

S6

S7

S8

S9

S10

S11

S12

S13

S14

S15

S16

S17

S18

S19

Sample content
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment
Surface water
Bottom water
Sediment

656

Longitude

Latitude

100.125474°E

25.907972°N

100.139401°E

25.920351°N

100.189403°E

25.911866°N

100.16415°E

25.863658°N

100.187597°E

25.826161°N

100.157777°E

25.792181°N

100.180331°E

25.783671°N

100.201645°E

25.785931°N

100.21204°E

25.734071°N

100.209306°E

25.702569°N

100.215698°E

25.714075°N

100.252227°E

25.70574°N

100.247234°E

25.661073°N

100.269568°E

25.645138°N

100.228938°E

25.626112°N

100.272802°E

25.641226°N

100.239454°E

25.610305°N

100.239634°E

25.648982°N

100.174323°E

25.878333°N
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Analysis of water quality indicators. The
analysis of COD (CODCr), permanganate index
(CODMn), total phosphorus (TP), dissolved phosphorus (DP), total nitrogen (TN), dissolved total nitrogen (DN) and ammonium (NH3-N) were carried out
in accordance with standard methods[26]. Particulate nitrogen (PN) was obtained by subtracting DN
from TN, and the way to get particulate phosphorus
(PP) was the same.

GC/MS analysis and quality control. Testing
instrument was Thermo Fisher TRACE 1300-ISQ
Series Quadrupole. GC conditions: TR-5MS quartz
capillary column (30m×0.25mm×0.25ȝm); high-purity helium (99.999%) carrier gas, constant current
mode (1.2mL/min carrier gas flow rate); splitless injection, each sampling volume was ȝL, with the
inlet temperature of ႏ septum purge
5.0mL/min; column heating program: initial temperature ႏhold for 2 min; rise to ႏat the rate
of ႏmin, hold for 5min; then increase to ႏ
at the rate of ႏmin, holding for 5 minutes. MS
condition: Electron bombardment ion source (EI),
ionization voltage 70eV; ion source temperature
ႏtransmission line temperature ႏsolvent
delay time 10min; full scan mode (SCAN) for qualitative and selective ion scan mode (SIM) for quantification. Analysis was performed using Xcalibur
software to determine EDCs and internal standard.
In order to examine the accuracy and precision
of the method, a standard solution containing 50ng
and 500ng of the test component was used as a sample, and the measurement was performed 7 times
within one day. The average spike recovery of EDCs
was 98.0%. The relative standard deviation (RSD)
was 0.4% ~ 6.8%. Limits of quantification were defined as 10 times the noise level of the baseline in the
chromatograms. For data analysis, all data of result
shown through in figures are expressed as mean
±standard deviation.

SPE extraction and derivatization. Water
samples. Before extraction of the sample, the solidphase extraction cartridge was rinsed with a suitable
solvent, so that the analyte could be in close contact
with the surface of the solid phase, thereby improving the recovery rate and reproducibility. In this experiment, 2×3mL of n-hexane, 2×3mL of ethyl acetate, 2×3mL of methanol, and 2×5mL of ultrapure
water were used to activate the column. The dripping
speed of the liquid was about 1mL/min and time 5
minutes to make sure that the filler was thoroughly
soaked in the activating reagent. 0.5~1.0L of pretreated water sample was imported into the activated
SPE cartridges under a certain vacuum pressure,
while flow rate being controlled at about 4 mL/min,
then the EDCs and some impurities were adsorbed
and retained on the SPE cartridges. The cartridges
were washed by 10mL of 10% methanol in water
with flow rate of approximately 5mL/min. The cartridges were eluted with 10mL of ethyl acetate, while
the drip rate was controlled at about 1mL/min, and
the eluate was collected. Dried EDCs eluent under
mild high-purity nitrogen at ႏ was added ȝL
of BSTFA (containing 1% by mass TMCS) reagent
and ȝL of pyridine solution, derivatized with microwave 300w for 4 minutes. After nitrogen blowing,
ȝL of 1mg/L internal standard Mirex was added
to dissolve EDCs, and then transferred to a 2 ml sample bottle for detection.

RESULTS AND DISCUSSION
Water quality of Erhai Lake. As an important
drinking water source in Yunnan, China, the Erhai
Lake has good water quality. With the development
of tourism in the Erhai Lake Basin in recent years,
the water quality of Erhai Lake has fluctuated to a
certain extent. Since August 2017, we have continuously monitored the water quality of Erhai Lake
(Shown in Figure 2, the average concentration of all
lake samples each time). It can be seen that the average COD, TN and TP were 15.8mg/L, 0.60mg/Land
0.025mg/L during the recent 3 years, respectively.
COD and TP showed obvious seasonal fluctuations,
with the higher concentration from May to November every year, obviously related to the rainy season
of the Erhai Lake Basin. The variation law of TN was
quite different from COD and TP, which was reflected in the higher concentration in the dry season.
This might be closely related to the large amount of
nitrogen fertilizer applied to economic crops (such as
garlic) planted in the early spring of the Erhai Lake
Basin. Judging from the water quality of Erhai Lake
in recent years, COD, TN and TP in 2019 were significantly lower than 2018, and the fluctuation range
of water quality was also smaller. This may be due

Sediment samples. The freeze-dried sieved
sediment (5g) was placed in a glass centrifuge tube
along with a dilute solution containing 100ng of each
internal surrogate standard (E2ȕ-D2), mainly referring to Li’s pretreatment method [27]. A solution (10
mL) of ethyl acetate and methanol (V: V=1: 1) was
added and the mixture was ultrasonically extracted
for 20min and centrifuged for 15 min at 5000rpm.
The target compounds were then dissolved with 2mL
of n-hexane after supernatant was dried under high
purity nitrogen. The samples were cleaned up using
SPE columns that were activated sequentially by
5mL methanol, 5mL ethyl acetate, and 10mL n-hexane. The extracted samples were added into the SPE
columns, and ethyl acetate (2 mL) was added 3 times
to elute the target EDCs. Subsequent sample processing steps of derivatization were the same as water samples.
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FIGURE 2
Changes in the concentration of COD, TN and TP in Erhai Lake in recent years
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FIGURE 3
Eutrophication index of China’s major lakes
range of BPA was 4.02~10.51ng/L, the concentrations in the northern and the southern coastal areas
were higher, while the concentration in the central
lake was lower. The detection concentration range of
E2Į was 0.73~24.53ng/L, and the concentration in
the southern coastal area was higher, while the concentration in southeastern lake area (near Haidong
and Jinsuo Island) was also relatively high. The detected concentration range of E1 was 2.40~6.52ng/L,
the concentration difference was not large, and
mainly the concentration in the southern lake area
was higher. The detected concentration range of E2ȕ
was 9.17~20.65ng/L, and the distribution law was
similar to E2Į showing that the concentration in
Haidong area and the southern coastal area was relatively high. The detected concentration range of EE2
was 7.83~26.63ng/L, and there were three areas with
higher concentration, which were the eastern lake
near Wase and southeastern lake Haidong and the
southern coastal zone. The detection concentration
range of E3 was 0.85~57.44ng/L, the concentration
difference was large, and the highest concentration
appeared in the southern coastal zone. Except for
BPA, the distribution rules of various EDCs were not
very different, showing similar distribution characteristics.
It has been reported that E1 has 1/3 or 30% of
the estrogenic potency of E2ȕand the estrogenic potency of E2ȕis almost 8 times that of E2Įwhile EE2,
E3 and BPA having 2.2, 1/12 and 0.00011 times of
E2ȕ[28-32]. EEQ (ng/L) is the concentration of E2ȕ
equivalency, EEF is the E2ȕ equivalency factor of
estrogen. Therefore, the EEFs of E2ȕE1, ĮE2, E3,
EE2 and BPA were 1, 1/3, 1/8, 1/12, 2.2 and 0.00011
in our research, respectively. The EDCs concentrations were converted to EEQ concentrations by their
EEF-E2ȕ equivalent coefficients, and the distribution is shown in Figure 5. It can be seen that the EEQ
concentrations in the entire western Erhai Lake were

to the improvement of the sewage interception system in the Erhai Lake Basin. In mid-2018, the local
government of Dali Prefecture completed the sewage
interception project around the Erhai Lake and built
a large number of centralized sewage treatment
plants, so the passage of sewage directly into the lake
was cut off, effectively improving the quality of Erhai Lake.
According to the China’s Eco-Environmental
Status Bulletin of 2019 (Ministry of Ecology and Environment of People's Republic of China) shown in
Figure 3, the Erhai Lake was in a state of mesotrophication. As a lake in the suburbs of the city, such a
lake with good water quality is rare especially with
the influx of tens of millions of tourists every year.
EDCs in surface and bottom water of Erhai
Lake. According to the climatic characteristics of
the Erhai Lake Basin, we selected the typical period
of the dry season and the initial rain period (that is,
the beginning of the rainy season) to sample and analyze EDCs. In order to visually represent the concentration distribution of pollutants in the Erhai Lake,
ArcGIS 10.4.1 software and Sufer 11.0 software
were used for mapping. The concentrations of the
surface water and the bottom water at the same sampling point were averaged for making the contour
map.
Dry season. In typical dry season, various
EDCs were common found in the lake water, and
BPA, E2ĮE1, E2ȕEE2, and E3 were detected in
the surface and bottom water bodies at all sections,
with the detection rate of 100%. It can be seen from
the Figure 4 that the average detected concentrations
of BPA, E2ĮE1, E2ȕEE2, and E3 were 7.13ng/L,
4.29ng/L, 3.92ng/L, 11.94ng/L, 14.51ng/L, and
10.51ng/L, respectively. The detection concentration

659

© by PSP

Volume 30– No. 01/2021 pages 654-671

Fresenius Environmental Bulletin

FIGURE 4
Distribution of EDCs concentration of Erhai Lake in dry season
relatively low, and the three areas with higher concentrations were the near-shore area in the south,
southeastern area (near Haidong), and the area along
the Shuanglang-Wase in the northeast. The southern
coastal area was near the main road of Dali City, and
there were a large number of hotels and restaurants
along the south side of the road, which might be the
reason for the high concentration in this area. There
were a small number of villagers in Jinsuo Island
near Haidong, where the collection of domestic sewage and garbage could be an important problem because the surrounding lake water might be affected
by pollutants. Many important scenic spots located
around Shuanglang-Wase, there were also a large
number of hotels and many hydrophilic platforms
along the route because of the needs of tourism. The
activities of tourists in the near shore might be important reason of high EEQ concentrations.
Rainy season. Except for E3 (Detection rate of
E3 was 78.9%), BPA, E2ĮE1, E2ȕEE2 were detected in the surface and bottom water of all sections.
The average detected concentrations of BPA, E2Į
E1, E2ȕEE2 and E3 were 6.82ng/L, 4.77ng/L,

FIGURE 5
Distribution of EEQ of Erhai Lake in dry season
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4.66ng/L, 10.86ng/L, 27.30ng/L and 1.09ng/L, respectively. It can be seen from Figure 6 that the detected concentration range of BPA was
4.67~11.65ng/L, which was slightly lower than the
concentration in the dry season. The concentrations
in the northern and western lake areas (near Xizhou)
were higher. The detected concentration range of
E2Įwas 4.04~8.85ng/L, which was slightly higher
than the concentration in the dry season, similar to
BPA. The detected concentration range of E1 was
2.83~6.94ng/L, which was lower than dry season,
and the highest concentration in the western area
(near Wanqiao), followed by eastern ShuanglangWase around. The detected concentration range of
E2ȕwas 9.63~12.35ng/L as distribution law of E1,
but the highest concentration was located near the
western Wanqiao, and the concentration in the southern coastal area was also higher. The detected concentration range of EE2 was 16.36~36.47ng/L,
higher than dry season. The concentrations in the
northern and western coast of the Erhai Lake were
higher, indicating that it was significantly affected by
the inflow rivers from the north and the 18 streams
from the west. The concentration range of E3 was
nd~3.31ng/L, which was significantly lower than the
typical period of the dry season. Overall, the concentration of EDCs in the Erhai Lake was greatly affected by rivers input, and the points with high concentration were near the estuaries of inflow rivers.
Seen from Figure 7, Due to the large amount of
pollution load input from the three northern rivers of
Luoshi River, the Yongan River and the Miju River,
the overall EEQs of the lake were high. The western
areas (near Xizhou and Wanqiao) had higher EEQ
due to the numerous streams and ditches in the land.
Compared with the dry season concentration, under
the influence of initial rain, the average concentration of EEQs in the lake area even exceeded the dry
season maximum concentration, with an average increase of 57%. So it is believed that the initial rain
significantly increased the EEQ of the Erhai Lake
and needed seriously attention.

EDCs
BPA

EDCs in sediments. At the beginning of the
rainy season, we sampled and analyzed the sediments of Erhai Lake, The content of EDCs in sediments is listed in Table 2. The content of Erhai Lake
sediment in descending order was: E1 > E2ȕ!BPA >
EE2 > E2Į!E3. Due to the degradation rate of E2Į
in sediments was greater than E2ȕ the occurrence
content and detection rate of E2Į were lower than
E2ȕE1 and E3 were intermediate degradation products of steroid EDCs, and the data showed that E1
was the main form of EDCs in the sediment, probably due to the degradation process of E1 to E3

FIGURE 7
Distribution of EEQ of Erhai Lake in rainy season

TABLE 2
The content of EDCs in sediments of Erhai Lake
EDC content range in sediments
Average content in sediments
8QLWȝJNJ GU\ZHLJKW
3.66~59.33

Presence rate

18.09

100%

(Į

nd~17.65

5.24

67.9%

E1

22.21~181.40

62.69

100%

(ȕ

8.11~79.30

29.86

100%

EE2

nd~26.33

9.51

93%

E3

nd~12.28

4.54

57.1%
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FIGURE 6
Distribution of EDCs concentration of Erhai Lake in rainy season
was much slower than that of E3. In terms of sediment content, compared with the Latin American estuary area (E3 content 20.9~694.2ȝg/kg, E2ȕcontent
maximum 23.9ȝg/kg, EE2 maximum 86.3ȝg/kg)
[33], the level of Erhai Lake was flat or slightly
higher, significantly higher than the estuary of the
Yangtze River in China (total EDCs content
4.36~24.96ȝg/kg) [34], and also higher than Dianchi
Lake (total EDCs content 3.7~202.4ȝg/kg) [35],
which was also located in Yunnan Province. It is
worth noting that Dianchi Lake is similar to Erhai
Lake, and it is also a plateau lake with a small annual
flow into the lake and a long water exchange cycle.
Under the background that the city size and population of the Erhai Lake Basin are significantly smaller
than the Dianchi Lake Basin, the difference in sediment concentrations could reflect that the imperfect
sewage treatment system of the Erhai Lake Basin before and the discharge of pollutants from livestock
and poultry farming may be the main reasons for the
accumulation of EDCs in Erhai sediments for long.
EEQ contour map was drew to represent the

distribution of EDCs in the sediments of Erhai Lake,
and it shows that the highest areas of EEQ concentration appeared near the southern urban coast and
northwest of the lake, which was near the estuary of
Luoshi river carrying the pollutant of sewage and
livestock and poultry farming in three major towns
(Yousuo, Dengchuan and Shangguan) from the
northern Erhai Lake Basin. It is speculated that there
may be two reasons. Firstly, EDCs in the sediments
of the Erhai Lake were affected by urban near-shore
runoff, and urban domestic pollution in the catchment area directly entered the lake water or entered
inflow rivers. Secondly, the highest concentration
section was located in the southwest of the Erhai
Lake, where was also the only river flowing out of
the lake, the Xi'er River. Due to relatively small annual runoff and that the overall flow direction of water in the lake was from north to south, EDCs deposition greatly occurred near the south bank. Considering the deep water of Erhai Lake, the process of
EDCs deposition in the lake was very long, so the
second speculation may be more reasonable.
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FIGURE 9
Distribution of COD, Nitrogen and Phosphorus of Erhai Lake in dry season
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organic pollutants. The entire west coast of the Erhai
Lake was important for TN due to the large farmland
there. The NH3-N, TP and DP characterized by domestic pollution in the near-shore area, were mainly
on the east coast, including Shuanglang, Haidong,
and southern near-shore areas of Dali City.
In the rainy season, the distribution maps of
CODCr, CODMn, TN, DN, NH3-N, TP and DP in the
lake water showed large difference to EDCs, which
was even contrary to the distribution rules of DN and
NH3-N (Figure 10). It is presumed that the suspended particles carried by the runoff in the rainy
season were the main carriers of EDCs and had little
correlation with other dissolved water quality indicators.
Comparison of surface and bottom water.
This study also analyzed the concentration of EDCs
and conventional water quality indicators in the surface water and bottom water of the Erhai Lake, as
shown in Figure 11. It can be seen that, in the dry
season, except for BPA and E1, other EDCs and EEQ
showed the characteristics that the concentrations in
the bottom water were higher than that in the surface
water, indicating that the resuspension of lake sediment significantly affected the bottom water, increasing the concentration of EDCs, while the conventional water quality indexes of TN and NH3-N
were also affected by the resuspension of sediment,
and the other indicators were almost the same in surface and bottom water. When the rainy season came,
the situation became different. Only E3 concentration of the bottom water was significantly higher
than the surface. At the beginning of the rainy season,

FIGURE 8
Distribution of EEQ in sediments of Erhai Lake
Relationship between EDCs and COD, nitrogen or phosphorus. Distribution of COD, nitrogen or phosphorus. In the dry season, the concentration distribution of various water quality indicators (shown in Figure 9) was quite different from
the distribution characteristics of EDCs. The only
similarity to the EEQ distribution was NH3-N and DP.
The main reason might be that the degradation rate
of EDCs was significantly slower than conventional
organic matter, nitrogen and phosphorus. However,
from the distribution of various indicators, it can be
seen that the west coast, the southern near-shore area,
and the Haidong area were the main contributors of

BPA
E1
E2Į
E2ȕ
E3
EE2

TABLE 3
Pearson’s correlation coefficient of EDCs and water quality indicators of Erhai Lake
(a) Dry season
TN
DN
NH3-N
PN
TP
DP
PP
CODCr
CODMn
0.105
-0.265
-0.049
0.269
-0.175
-0.273
-0.002
-0.130
-0.286
0.128
0.298
0.644**
-0.126
0.528**
0.461**
0.293
0.439**
0.320
0.273 0.473**
0.354*
-0.146
0.250
0.339*
0.100
0.370*
0.177
0.224 0.415**
0.346*
-0.140
0.193
0.243
0.100
0.296
0.150
0.310 0.420**
0.344*
-0.082
0.194
0.270
0.076
0.316
0.184
0.207
0.402*
0.284
-0.143
0.130
0.483**
-0.074
0.368*
0.126

* 0.01<P<0.05, ** P<0.01

BPA
E1
E2Į
E2ȕ
E3
EE2

TN
-0.048
-0.307
0.019
-0.062
-0.052
-0.241

DN
-0.530**
-0.284
-0.487**
-0.133
-0.431**
-0.504**

NH3-N
-0.295
-0.255
-0.280
-0.090
-0.196
-0.444**

(b) Rainy season
PN
TP
0.417**
-0.092
-0.015
-0.172
0.437**
-0.211
0.059
-0.243
0.330*
-0.157
0.231
-0.253

* 0.01<P<0.05, ** P<0.01
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DP
-0.293
0.124
-0.432**
-0.152
-0.165
-0.239

PP
0.103
-0.232
0.135
-0.164
0.014
-0.063

CODCr
-0.140
-0.012
-0.006
-0.086
-0.009
-0.086

CODMn
0.230
-0.169
0.099
-0.236
0.057
-0.102
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FIGURE 10
Distribution of COD, Nitrogen and Phosphorus of Erhai Lake in rainy season
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FIGURE 11
Contrast of EDCs and water quality in bottom and surface water of Erhai Lake
(probably mainly nitrate nitrogen, NO3--N). Nitrate
nitrogen was the main nitrogen form of agricultural
non-point source tail water, indicating that E2ĮE2ȕ
E3 and EE2 emission by agricultural non-point
source pollution were the most significant. Steroid
EDCs and NH3-N also had a certain correlation, but
it was significantly weaker than DN (might be NO3-N). E1 and E2Į had a certain correlation with
CODCr, NH3-N, and DP, homology in human domestic sewage. It is speculated that E1 and E2Įwere obviously affected by domestic sewage. The domestic
sewage was purified by the sewage treatment plant,
and then many E2Į E2ȕ and EE2 in the drainage
were degraded and removed, and continued to exist
in the form of E1, finally discharged into the Erhai
Lake. Except for E1, EDCs had a stronger correla-

the differences between the surface and bottom water of EDCs and other water quality indicators were
small, indicating that the suspended particles carried
by rainwater runoff increased the concentration of
EDCs, organic matter, nitrogen and phosphorus in
the upper layer of lake water.
Correlation analysis of EDCs and COD, nitrogen or phosphorus. It can be seen from the Table
3 that there was a strong correlation between EDCs
and water quality indicators. In dry season, BPA was
different from other EDCs and it had a certain correlation with suspended nitrogen but little correlation
with other indicators, indicating that the environmental emissions of BPA used suspended particles as
the main carrier. However, E2Į E2ȕ E3 and EE2
were closely related to soluble total nitrogen, DN
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tion with DN than COD, phosphorus and other indicators. Therefore, it is believed that EDCs in Erhai
Lake were affected by agricultural non-point source
pollution in the dry season. Compared with the dry
season, the water of the Erhai Lake was significantly
affected by the suspended particles carried by runoff
in the rainy season. The correlation between EDCs
and water quality indicators in the early rainy season
was very different. BPA, E2ĮE3 and EE2 were significantly negatively correlated with DN, while BPA,
E2Į and E3 were positively correlated with suspended nitrogen. This showed that during the precipitation period, EDCs in Erhai Lake were more affected by runoff.

used statistical methods in early research to obtain
the PNEC value of BPA of 1.6ȝg/L [46], and used
this to determine that the BPA concentrations measured in Europe and North America would not cause
adverse risks to aquatic organisms. Wright believed
that the PNEC value of 0.06ȝg/L BPA was more accurate [47]. Because the aquatic receptors were more
sensitive to BPA and had more exposure than previously found, their research included a higher sensitivity taxa, such as algae, cyanobacteria and insects.
In the ecological assessment, it was assumed that the
sensitivity of the ecosystem (PNEC) depended on
the most sensitive species, and if these species existed, the ecosystem was protected. With this PNEC,
ecosystems containing insects, molluscs, and crustaceans could be protected from the adverse effects of
exposure to BPA. Therefore, the PNEC values used
in this ecological risk assessment were 60ng/L
(BPA), 2.2ng/L (E1), 0.73ng/L (E2ȕ , 4.38ng/L
(E2Į 0.35ng/L (EE2) and 8.76ng/L (E3).
Erhai Lake is the main source of drinking water
in Dali City. There are many drinking water intakes
along the lake coast. EDCs need to be paid attention
to on the ecological risks of the Erhai Lake. In this
study, Risk quotient (RQ) was used to evaluate the
environmental risk of EDCs in Erhai Lake. Comparing the measured environmental concentration
(MEC) of EDCs with the predicted no-effect concentration (PNEC) to obtain the risk quotient (RQ),
0.01<RQ<0.1, low risk; 0.1<RQ<1, moderate risk;
RQ> 1, high risk [36, 38]. The MEC value selected
the maximum detected concentration value of EDCs
at all measured sections to conduct risk assessment
of the Erhai Lake. The ecological risk assessment results are shown in the Figure 12.
In the typical dry season, except BPA was at
moderate risk, steroid EDCs were all high risk, and
the risk value was very high, ranking order: EE2 >
E2ȕ!E3> E2Į!E1 > BPA. For the dry season in
the Erhai Lake Basin (December every year ~ April
next year), steroid EDCs had a greater impact on the
Erhai water environment and aquatic organisms. At
the beginning of the rainy season, land-based pollutants entered the Erhai Lake with surface runoff. The
concentration of EDCs generally declined as the
amount of water entering the lake from the Erhai
Lake increased. E3 fell to a moderate risk. The ecological risk of other EDCs remained unchanged:
EE2 > E2ȕ!E1 > E2Į!E3 > BPA. It is foreseeable
that with the arrival of the rainy season, the ecological risk of EDCs in the Erhai Lake area would be reduced to a certain extent. However, the average EEQ
of EDCs did not decrease.

Ecological risk of selected EDCs. In ecological risk assessment, the assessment of predicted no
effect concentration (PNEC) is a very important aspect[23, 36-41]. It is a direct basis for the formulation of environmental benchmarks or standards. The
EU even directly used PNEC values for aquatic ecological benchmarks. There were relatively few
PNEC studies on steroid EDCs. Caldwell used statistical evaluation methods to obtain PNEC values of
steroid estrogens suitable for aquatic animal risk assessment, which were 6ng/L (E1), 2ng/L (E2ȕ 
ng/L and 0.1 ng/L (EE2) [42]. Wu's further research
showed that the PNEC value was 0.73ng E2ȕL [43],
which was consistent with other E2ȕPNEC values
(0.4ng/L) obtained by the European Union for the
protection of aquatic organisms (European Union,
2011). In comparison, Caldwell [42] suggested that
the PNEC of E2ȕwas slightly higher (2ng/L), which
was derived from the SSD curve composed of 21
kinds of in vivo NOEC. This difference might be due
to the choice of species when constructing the SSD
curve. In Caldwell's study, only 21 fish NOECs were
selected to construct the SSD curve, while in Wu’s
research [43], 31 kinds of NOEC of five groups from
amphibians, crustaceans, rotifers, fish and algae
were selected to construct SSD curve [44]. From the
perspective of protecting aquatic species rather than
just fish, 0.73ng E2ȕL may be more reasonable than
2ng E2ȕL, and it may be more protective for aquatic
organisms. In some in vitro studies, the estrogen
equivalent coefficient of 17-Į-ethinyl estradiol (EE2)
was about twice that of E2ȕand the PNEC of EE2
was 0.35 ng/L, which can protect 95% of species [32,
45]. Since Erhai Lake is a typical plateau lake with
good water quality and rich biodiversity, from the
perspective of protecting aquatic organisms, this
study adopted the PNEC value (E2ȕand EE2), and
calculated other PNECs according to the EEFs values of E1, E2Įand E3 value. The PNEC studies of
BPA by researchers were quite different. Staples
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(a) Dry season

(b) Rainy season
FIGURE 12
Ecological risk of aquatic EDCs of Erhai Lake
under the influence of initial rain, the average concentration of EEQs in the lake area even exceeded
the dry season maximum concentration, with an average increase of 57%. PNEC-based ecological risk
assessment results showed that except BPA was at
moderate risk, steroid EDCs were almost at high risk
whether it was dry season or rainy season, ranking
order for dry season: EE2 > E2ȕ!E3> E2Į!E1 >
BPA, for rainy season: EE2 > E2ȕ!E1 > E2Į!E3 >
BPA.
The content of Erhai Lake sediment in descending order was: E1 > E2ȕ!BPA > EE2 > E2Į!E3.
EDCs content ranges in sediments were
aȝg/kg, nd~17.65ȝg/kg, 22.21~181.40
ȝg/kg, aȝg/kg, nd~26.33ȝg/kg and
nd~12.28ȝg/kg for BPA, E2ĮE1, E2ȕEE2 and E3,
respectively. The highest concentration section was
located in the oulet of the Erhai Lake as the result of
the deep water of Erhai Lake and the long process of
EDCs deposition in the lake.
By comparing the distribution characteristics of
EDCs with COD, nitrogen and phosphorus, we
found that E2Į E2ȕE3 and EE2 were closely related to soluble total nitrogen, DN (probably mainly
nitrate nitrogen, NO3--N), which were significantly
affected by agricultural non-point source pollution
during dry season. However, in rainy season, BPA,
E2ĮE3 and EE2 were significantly negatively correlated with DN, while BPA, E2Įand E3 were positively correlated with suspended nitrogen, showing
that during the precipitation period, EDCs in Erhai
Lake were more affected by runoff.
As a plateau lake with good water quality at this
stage, the occurrence status of EDCs in the Erhai
Lake water and sediment was not optimistic, and
needs our continuous attention to ensure the centralized water supply security of the urban population.

CONCLUSIONS
The Erhai Lake serves as a centralized drinking
water source for the city, and it is also a typical plateau lake with a water exchange cycle of several years
in the suburbs of the city, so we are concerned about
its conventional water quality, distribution characteristics of EDCs and ecological risks.
In this research, water and sediment of Erhai
Lake were studied during the dry and early rainy seasons. The water quality of Erhai Lake has been excellent so far, and, and the COD, nitrogen and phosphorus in 2019 were all lower than before, benefited
from substantial investment in local government
sewage treatment facilities. In the context of improved water quality, the EDCs survey was carefully
carried out. It was found that the detected concentrations of BPA, E2Į E1, E2ȕ EE2 and E3 were
4.02~10.51ng/L, 0.73~24.53ng/L, 2.40~6.52ng/L,
9.17~20.65ng/L,
7.83~26.63
ng/L
and
0.85~57.44ng/L during the dry season, respectively.
Except for BPA, the distribution rules of various
EDCs were not very different, showing similar distribution characteristics. EEQ was used to express
the estrogen activity concentration of EDCs, and it
ranged from 25.94~74.84ng/L, while the three areas
with high EEQ concentrations were affected by island villagers’ living pollution and coastal tourism
pollution. The situation became different when rain
season came. The detected concentrations of BPA,
E2Į E1, E2ȕ EE2 and E3 were 4.67~11.65ng/L,
4.04~8.85ng/L, 2.83~6.94ng/L, 9.63~12.35ng/L,
16.36~36.47ng/L and nd~3.31ng/L, which were
greatly affected by rivers input, and the points with
high concentration were near the estuaries of inflow
rivers. Compared with the dry season concentration,
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and containing inherent growth hormones more than
other tissues, such as somatic embryos, that can be
obtained successfully from immature seeds, zygote
origin, such as shoot tip culture. In this context, somatic embryogenesis, intense clonal propagation of
many types and as a result, abundant and clean seedlings production, gene transfer, preservation of genetic material, multi-purpose in vitro tests, hybridization studies, hybrid obtained from hybridization
studies, creating clones in a short time, clean DNA
extraction for molecular techniques because they
provide considerable ease of use in many areas [1,2]
In their study, Gomez and Segura [3], the explants of J. oxycedrus from mature trees shoot tips
were cultured to Murashige and Skoog (MS) and
Schenk and Hildebrandt (SH) media which contained 0, 0.05, 0.5, 5, 10 and 25 μM benzyladenine
(BA) or kinetin (KIN), or 0 and 0.05 μM naphthaleneacetic acid (NAA) alone or by adding combinations. Transformation of the callogenic tissue they
obtained by forming shoots and roots was ensured.
Gomez and Segura [4] used the shoot tips of mature
trees again as an explant source in the same plant. In
these studies, MS, SH, Gressoff and Doy (GD) and
Heller (H) media tried the combinations of BA with
0, 0.05 or 0.5 μM doses alone or together with 0.05
μM indoleacetic acid (IAA) for callus stimulation.
They applied BA (0, 0.05 or 0.5 μM) doses alone or
together with 0.05 μM KIN to the SH medium to
promote shoot formation. They reported that the
amount of conversion to the plant was between 710%.
Koçer et al. [5] conducted a study using Juniperus communis L. for regeneration in vitro conditions, callus stimulation, organogenesis and rooting
experiments were carried out. Their findings showed
that explant position, genotype, gender, medium and
sampling history had an important effect on callus
formation. As a result of the experiment, MS medium where the shoot tips of J.communis L., which
was collected in the spring period as an explant
source, were cultured, which was found to be the
most suitable medium for callus formation with 0.1
mg/L BA, 0.5-4.0 mg/L IBA, 3% sucrose and 0.7%
agar. In addition, regardless of the explant position

ABSTRACT
This study aims to intensive and clonal propagation of Juniperus oxycedrus (prickly juniper) in
vitro by somatic embryogenesis from immature
fruits. In the initial phase, to induce somatic embryogenesis (SE), sucrose (30 g/l), L-glutamine (500
mg/L), gelrite (2.1 g/L) and 6 different plant growth
regulator combinations [(1) BA (1 mg/L)+NAA (0.5
mg/L), (2) BA (1 mg/L)+IBA (0.1 mg/L), (3) KIN (2
mg/L)+NAA (0.5 mg/L), (4) KIN (2 mg/L)+IBA
(0.1 mg/L), (5) BA (1 mg/L)+KIN (2 mg/L)+NAA
(0.5 mg/L), (6) BA (1 mg/L)+KIN (2 mg/L)+IBA
(0.1 mg/L)] were added in the Murashige and Skoog
(MS), Driver and Kuniyuki Walnut (DKW) and
Woody Plant Medium (WPM) basal media. The explants obtained from the immature fruits of J. oxycedrus were planted in Petri dishes as five
pieces/Petri dish. In this study, experiments were
conducted with 900 explants in 180 Petri dishes and
were repeated at least twice. However, somatic embryogenesis induction from the immature fruits of J.
oxycedrus, the objective of the study, was not
achieved. To guide future studies from the data obtained in the study, the formation interactions of the
calluses obtained, and the reasons for the absence of
somatic embryogenesis were examined. The findings suggest that with the effects of basal media on
callus formation, WPM was the best with 82%, followed by MS with 43% and DKW with 28%.

KEYWORDS:
Plant regeneration, somatic embryogenesis, prickly juniper, Juniperus oxycedrus

INTRODUCTION
Biotechnological methods are used alone or in
conjunction with conventional methods, being able
to have a short time to result in the success of my
breeding and propagation of woody plant species.
Especially, they are very suitable for dense clonal
propagation in woody species with fast cell division
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a

b

FIGURE 1
(a) Prickly juniper
(b) Immature fruits
for organ development, the two-month culture period was thought to be sufficient for callus induction
on juniper. After two months of incubation, explants
were transferred to prepared media to detect adventitious bud formation from callus tissues. Although
callus aging negatively affected adventitious bud
formation, it was found that the medium containing
1.0 mg/L BAP and 0.5 mg/L 2,4-D was the optimum
culture medium with the capacity to form 37.5% adventitious buds. In the rooting experiments of adventitious shoots, none of the media applied to obtain
root in J. communis L. in vitro were successful.
The prickly juniper (Juniperus oxycedrus L.)
used in this study is in the list of International Union
for Conservation of Nature (IUCN) plants that are in
danger of extinction by The IUCN Red List of
Threatened Species in the least worrying class (least
concern, LC) (Figure 1).
It was aimed to with this study, densely and
clonal production of somatic embryogenesis from
immature fruits of prickly juniper in vitro conditions;
using the J.oxycedrus plant's immature fruits as an
explant source, cultivating in different media containing plant growth regulators and organic matter in
different doses, obtaining direct or indirect somatic
embryogenesis from the cultivated explants, providing the shoot and root regeneration of somatic embryos, this study aimed to grow regenerated plants in
the greenhouse for the acclimatization stage.

Cº and the average annual precipitation is 418.1 mm
[7]. In the selection of sample tree individuals, those
with high capacity to represent the area and seed potential were preferred. During the fruit picking process, it was ensured that they were not damaged and
stored in sterile conditions and transported to the laboratory.
Method. The fruit samples brought from the
field to the laboratory were washed under running
water for 20 min, primarily for surface sterilization.
They were kept in 70% ethanol for three minutes.
After washing with sterile distilled water, sterilization was performed with 20% sodium hypochlorite
(15% chlorine + Tween 20). At the last stage, rinsing
with pure water was applied in aseptic conditions to
purify sodium hypochlorite [8].
For the induction of somatic embryogenesis in
explants, combinations of different media and auxin
and cytokinin group plant growth regulators (PGRs)
were prepared as follows [8, 9]

x
x
x

1) Media [9]
Murashige and Skoog (MS) [10]
Tulecke and McGranahan (DKW) [11]
Lloyd and McCown (WPM) [12]

2) Plant Growth Regulators Combinations
(PGRs) [9]
x
BA (1 mg/L) + NAA (0.5 mg/L)
x
BA (1 mg/L) + IBA (0.1 mg/L)
x
KIN (2 mg/L) + NAA (0.5 mg/L)
x
KIN (2 mg/L) + IBA (0.1 mg/L)
x
BA (1 mg/L) + KIN (2 mg/L) + NAA (0.5
mg/L)
x
BA (1 mg/L) + KIN (2 mg/L) + IBA (0.1 mg/L)

MATERIALS AND METHODS
Material. Juniper tree (Juniperus sp.) has approximately 70 species in the world. Juniper species
generally have a wide distribution area in the northern hemisphere. Its distribution areas start from Japan and East Asia and include Asia and Europe. It
reaches from North and East Africa to North America and the polar region [6]. Prickly juniper immature
IUXLW VDPSOHV ZHUH FROOHFWHG RQ dDQNÕUÕ-<DSUDNOÕ
district where trees were ranged in natural habitat arHDV  Ǝ1 Ǝ( 7KHDYHUDJHDOWLWXGe
of the area is 1050 m, the view is South, South-West,
the average temperature of the sampling area is 11.3

For the planting of explants, 18 different media
were prepared, including three different basal media
and six different plant growth regulators combinations. Gelrite (2.1 g/L) as a solidifier in media, Lglutamine (500 mg/L) as a source of organic matter,
and sucrose (30 g/L) as a carbon source and pH adjusted to 5.7. Each combination was replicated ten

673

© by PSP

Volume 30– No. 01/2021 pages 672-677

Fresenius Environmental Bulletin

times, and five explants were cultured [8].
Sterilization of media was carried out by digitally controlled autoclave at 121°C and 1.2 atm pressures for 20 min. All media is distributed in sterile
petri dishes (100x10 mm) in a laminar airflow cabin
as 40 mL. Explants were cultured in five pieces in
each petri dish. During the induction of somatic embryogenesis, all cultures were incubated in the dark
and 25 ±1°C for four weeks.
Explants were taken to the first subculture for
four weeks after the culture date. In the subculture
stage, explants were transferred to the MS, DKW
and WPM basal media, which were the same medium containing and growth regulators in the initial
stage. Explants with phenolic oxidation darkening
on the cultures were taken into the subculture medium, while contaminated explants from endogenic
and exogenic origin were separated. All repetitions
in the initial stage were subcultured three times in 12
weeks in 4-week periods. However, the first experiment was terminated after 12 weeks, as there were
very few explants that produced callus, including explants subcultured. It was also effective that the callus formed due to darkening due to intense phenolic
oxidation and a limited increase in callus volume between the subcultural periods.
Unlike the first experiment, a second trial was
used as an explant source by removing the embryogenic cotyledons of immature fruits of prickly juniper (J.oxycedrus) with the help of forceps and scalpel. The same media were prepared for these embryogenic cotyledons. Unlike the first experiment, 1
mL/L PPM Plant Preservative MixtureTM-Plant
Cell Technology was added to all media to prevent

possible contamination [13].
At the end of 16 weeks, callus formation and
pre-formation stage somatic embryos (PEM-Proembriyonic masses) were observed in MS and WPM basal media. Suspension culture was attempted from
callus tissues and embryogenic masses to promote
somatic embryogenesis and increase the amount of
available callus. For suspension culture, it was prepared by adding 100 ml liquid MS, DKW and WPM
nutrient medium and growth regulator combinations
and L glutamine (500 mg/L) into sterile Erlenmeyer
containers. Callus tissues were transferred equally to
these prepared media. The media were shaken continuously with a shaker under the dark conditions, at
a constant temperature of 25°C, at 110 rpm/min. This
process continued for 30 days and was checked
daily.
It increased in volume and quantity in callus tissues in liquid food medium and somatic embryos in
pre-formation stage within 30 days. In order for the
tissues to continue their development, MS, DKW,
WPM, which do not contain PGRs, were subcultured
again to the semi-solid medium by adding Gelrite
(2.1 g/L) and L glutamine (500 mg/L). Trials were
subcultured twice in 4-week periods in a climate
cabin with 25±1°C temperature and 16 hours of light
 PROÂP-ÂV-1), eight hours of dark conditions
(Figure 2).
To stimulate somatic embryogenesis from callus tissues and accelerate the development of somatic embryos in the pre-embryonic stage, the
amount of sucrose was increased from 30 g/L to 40
g/L at the end of the 18th week [1] .

FIGURE 2
Liquid culture media
a-b) Callus tissues in the liquid medium and somatic embryos in the pre-embryonic stage
c) Soaking the liquid media in the dark conditions
d) Callus tissues in the liquid medium and somatic embryos in the pre-formation stage at a constant temperature of 25°C, at a speed of 110 rpm/min. agitation
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In observations made for four weeks after this
change in medium, no increase in callus tissue or somatic embryo formation was observed. Trials were
terminated at week 20 due to aging callus tissue,
darkening due to phenolic oxidation and no somatic
embryos.

mg/L) + NAA (0.5 mg/L) PGR combination and No.
6 BA (1 mg/L) + KIN (2 mg/L) + IBA (0.1 mg/L)
was obtained in combination with growth regulator.
The lowest amount of callus occurred in the combination of DKW medium and No. 2 BA (1 mg/L) +
IBA (0.1 mg/L) growth regulator. Callus formation
data of basal media x PGR combination interactions
are given in Table 2.
The findings obtained in this study suggest that
the best callus formation in media is Woody Plant
Medium (WPM), Murashige and Skoog (MS) and
Driver and Kuniyuki Walnut (DKW), respectively.
In combinations of growth regulators, the best
results with WPM medium with No.3 KIN (2 mg/L)
+ NAA (0.5 mg/L) and No. 6 BA (1 mg/L) + KIN (2
mg/L) + IBA (0,1 mg/L) the combinations were
achieved, while the same combinations did not reach
similar results with other basal media. MS medium
with No.1 BA (1 mg/L) + NAA (0.5 mg/L) and No.5
BA (1 mg/L) + KIN (2 mg/L) + NAA (0.5 mg/L)
combinations were found to be effective (Figure 3).
In this study, an intensive clonal propagation
was aimed using the immature fruits of Juniperus oxycedrus (prickly juniper) as an explant with somatic
embryogenesis, an important tissue culture technique.
In the experiments and observations throughout
this study, direct and indirect somatic embryogenesis
and callus formation were provided with the combination of appropriate media and plant growth regulator. Direct somatic embryo formation on explants
could not be obtained. In addition, the callus tissue
formed could not turn into a somatic embryo. The
main reason for this could be the substance "blastacholine", a plant secondary metabolite in choline
group, which may cause germination barrier, may be
present, in line with the discussions made by

RESULT AND DISCUSSION
In this study, all trials were established according to Coincidence Pattern Experimental Design. All
data were analyzed using SPSS® 20.0 (IBM Corporation software) analysis of variance (ANOVA) was
carried out using a two-factor randomized complete
plot design. Significant F-values were obtained; differences between individual means were tested using
the Duncan test.
The embryogenic cotyledons of immature
fruits were terminated at the 16th week since callus
or any tissue development could not be detected in
the trial used as an explant source. Somatic embryos
were not obtained as an explant source of immature
fruits. Therefore, data on callus tissue formation on
explants were evaluated. The rate of callus formation
was found in percent (%) by proportioning the number of explants found in the initial stage and the number of explants forming callus tissue and multiplying
the result by 100. The number of explants formed by
callus was divided by the number of calluses (number/callus) divided by the total number of explants in
practice (Table 1).
The effects of interaction between "basal media
x PGR combinations" on callus formation rate were
found VWDWLVWLFDOO\VLJQLILFDQW 3 7KHKLJKHVW
callus formation rate was WPM medium and KIN (2

TABLE 1
Callus ratio (%) and average callus number according to basal media
Basal media

Explant number

Number of callusforming explants

Average callus
number

Callus forming rate

1. MS
2. DKW
3. WPM

300
300
300

128
85
221

0,4
0,3
0,7

43%
28%
82%

TABLE 2
Interactions of Basal media x PGR combinations (P = 0.045)
Basal Media
PGR combinations
MS
DKW
1. BA (1 mg/L) + NAA (0,5 mg/L)
4,5 ab*
3,0 def
2. BA (1 mg/L) + IBA (0,1 mg)
1,9 fg
1,2 g
3. KIN (2mg/L) + NAA (0,5 mg/L)
2,8 def
2,7 ef
4. KIN (2 mg/L) + IBA (0,1 mg/L)
2,6 ef
3,2 cde
5. BA (1 mg/L) + KIN (2 mg/L) + NAA (0,5 mg/L)
4,2 abc
3,5 bcde
6. BA (1 mg/L) + KIN (2 mg/L) + IBA (0,1 mg/L)
2,3 ef
2,4 ef
* Different letters indicate significant differences between the treatments

675

WPM
3,2 cde
3,2 cde
5,0 a
3,9 abcd
4,4 ab
4,8 a

© by PSP

Volume 30– No. 01/2021 pages 672-677

Fresenius Environmental Bulletin

a

b

c

d

FIGURE 3
Callus from J.oxycedrus explants a-b) Callus tissues in WPM medium with KIN (2mg/L) + NAA (0.5
mg/L) PGR combination c-d) Callus tissues in the MS medium with No.1 BA (1 mg/L) + NAA (0.5 mg/L)
PGR combination
[4, 5, 14, 15, 16, 17]. Gómez and Segura [4] noted
that in their studies using mature J.oxycedrus shoot
tips as an explant source, Murashige and Skoog
(MS), Schenk and Hildebrandt (SH), Gressoff and
Doy (GD) and Heller (H) basal media with BA, 0,
0.01 or 0.1 mg/L doses alone or 0.01 mg/L indoleacetic acid (IAA) tried their combinations for callus
induction. They reported that the rate of conversion
of embryogenic calluses to the plant occurred at a
very low rate between 7-10%.
Calluses obtained from the immature fruits of
J.oxycedrus are a suitable source for many trials in
tissue culture studies. However, for the somatic embryogenesis and plant regeneration from the callus
tissues obtained, the blastacoline substance must be
removed from the fleshy tissues of the fruits. Therefore, the seeds should be collected in the June-August when they are most productive for germination.
While sterilizing immature fruits, applying ethyl alcohol or boiling in water, mechanical etching with
various concentrations of sulfuric acid, citric acid
and hydrogen peroxide will ensure that some of the
blastacoline substance is removed from the tissues.
When the explants cultured in the Woody Plant
Medium (WPM) with No. 3 KIN (2 mg/L) + NAA
(0.5 mg/L) or No. 6 BA (1 mg/L) + KIN(2 mg/L) +
IBA (0.1 mg/L) PGR combinations, gelrite (2.1 g/L)
as solidifier, L-glutamine (500 mg/L) as a source of
organic matter and adding sucrose (30 g/L) as a carbon source, pH adjust 5.7 and for four weeks in the
dark conditions, callus induction occurs at the initial
stage. In the first subculture, without the initial
PGRs, incubating in the same medium and dark conditions, callus tissue can be obtained. This intensely
produced callus tissue can also form materials for
different in vitro studies.
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Assar [1] confirmed that the water shortage in the
Arab region may rise to the level of a water crisis in
the next two decades. The study attributed the Arab
water dilemma to Ignorance of the economic value
of water among water users, the high population
growth rates, the rapid urban growth, the expansion
of agricultural irrigation operations, the high water
losses, the dualitywater institutionsresponsibilities
for water management, and the lack of a culture of
rationalizing water consumption by individuals .
Therefore, the problem of scarcity of water,
the deterioration of its quality, and the absence of
mechanisms to rationalize its use are among the
basic issues in most developing countries in general
and Arab countries in particular [2] .Future
forecasts indicate a decline in the annual Arab per
capita share of renewable water to 460 m3 in 2025
[3] .This means that the average Arab per capita
share in most Arab countries will be below the
water poverty line, which is equal to 1000 m3 per
year as determined by the World Health
Organization [4]. Therefore, it is of utmost
importance not to waste water through irrational
use of water in order not to exacerbate the water
problem [5]. Therefore, water decision makers
should abide with The well - Knownprinciple of
how to use water rationally to reduce water scarcity
[6].
The water situation in Jordan is no different
from what prevails in the neighboring Arab
countries, as it is one of the poorest countries in the
world with its renewable sources of water, and
scarcity is one of the biggest obstacles to economic
development in light of the exacerbation of the
water situation as a result of the rapid population
growth due to the influx of immigrants to its lands
from Iraq, Syria, Yemen, and Libya during the past
years . To meet water challenges in Jordan, active
experts and those interested in water issues, and
decision - makers in the Ministry of Water and
Irrigation of Jordan in assessing the problem of
water with a view to find effective solutions
through the development of effective water policies
aimed at the management of scarce water resource
efficiently and sustainably.
Previous studies have focused on the detection
of students ' interest in water issues and how to

ABSTRACT
Understanding students’ awareness of water
shortage and the necessity of rainwater harvesting
activities in Jordan is of great importance. The
present study aims to asses and compare the perception of students (enrolled in Natural resources Conservation and Water resources courses at University
of Jordan – Department of Geography during the
academic year 2018/2019) on water issues and
rainwater harvesting in Jordan. To address the study
goals a 15 – item questionnaire was administered in
the end of the spring and summer semesters of the
mentioned academic year.
The majority of respondents agree that top water issue is conserving water in the face of water
shortage in Jordan. Also students were strongly in
favour of practicing rainwater harvesting in Jordan.
Results of the study suggest more courses regarding
water conservation and rainwater harvesting should
be offered to all universities students in Jordan in
order to provide skills regarding water conservation
and harvesting.

KEYWORDS:
Water awareness, Rainwater harvesting, Jordan.

INTRODUCTION
The problem of water deficit is one of the
main challenges facing most of the Arab world in
general, and Jordan in particular . In Jordan, the
available water resources that are exploited for
drinking, irrigation, industry, tourism facilities, and
commercial and public establishments are facing
increasing pressures as a result of the increasing
demand for them due to rapid population growth,
improvement in the standard of living, expansion of
urban centers horizontally and vertically, the
flourishing of commercial, industrial, agricultural
and tourism activities and the rise in water losses
from public networks for water distribution and
transmission .Unlawful connections from these
networks ;In addition to wasting water in the case
of its rational uses .In this context, the study of Al-
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participation [28]. Assessments of students
attitudes towards practicing rainwater harvesting
activities. Sarla [29] investigated students attitudes
towards rainwater harvesting adoption in India.
The study found favorable attitude towards water
harvesting. In the U.K., a pilot study was
conducted to asses attitudes towards the
installation rainwater harvesting systems [30].
Results indicated that grants would be most likely
to encourage installing rainwater harvesting
systems on roofs of their homes. Officials and
those interested in water issues believe that
addressing the water deficit in Jordan can be
achieved through activating three main tasks,
namely managing and developing water resources
to bridge the water gap that has arisen due to the
rapid population growth without being matched by
a similar increase in water capabilities .As for the
second and third tasks, they focus on rationalizing
water consumption and preserving water from
pollution [31]. And if the awareness of various
water issues and problems by all sectors of
Jordanian society has become an urgent necessity
imposed by the critical situation of the water
situation in Jordan ,then this necessity becomes
more urgent for university students who study
university courses related to the water dilemma in
Jordan [32] that after graduating from university,
will be to spread water awareness and deepen their
understanding of the mechanisms of water deficit
among their students, their friends and relatives.
Anyone who thinks about the water dilemma
in Jordan represented in its scarcity and its
limitations in a profound way will understand
decisively that one of the effective solutions to this
dilemma is to practice positive conservation
behaviors related to the rational use of water, and to
work on practicing water harvesting to provide as
much water as possible for use in periods of water
deficit.In the event that the individual or Jordanian
student is considered to have absolute freedom to
consume water excessively at the time he wants,
and personal interest behaviors related to excessive
water consumption are rooted .This will be
reflected in the further exacerbation of the water
crisis in Jordan. And in order for the individual or
Jordanian university student to distance himself
from all these selfish behaviors, he must realize the
need to change his negative behaviors to face the
water dilemma in a sustainable manner.The courses
of the subjects that taught by the researcher include
the main objectives represented in harnessing the
study units in expanding the students ’horizons to
identify the renewable and non-renewable resources
of their geographical regions in order to improve
their use rationally and to benefit from them in
meeting their basic needs, and this helps to change
students’ behavior and achieve conservation of
resources of the Jordanian environment, especially
water resources.The two university courses

develop their awareness of water situation in order
to conserve water, maintain water quality, and their
perception the importance of practicing water
harvesting in the face of water shortage in different
geographic regions of the world .The level of water
awareness among students of the Faculty of
Education in Egyptian universities was analyze
through a study conducted by Shaer (2001) which
showed a low level of awareness among students
because of water - free curriculum information that
will enhance students water awareness.
Shehab et al. [7] highlights the positive
behaviors of students that lead to the conservation
of water resources , degrading its quality, and
recommended implementation of water awareness
programs in elementary, preparatory, and secondary
stages at schools. In the same context, the studies of
several authors [5,8,9] revealed that social studies
courses in the basic education stage were lacking
discussions of water issues, which led to a decrease
in the awareness of primary school students about
water problems. While several workers [11,12]
attributed the weak attitudes of students towards
water conservation to the low interest of national
education courses in the concepts of rationing water
consumption, as it recommended the necessity of
inclusion the curricula with information related to
concepts of rationalizing water consumption in
order to enhance students' positive behaviors. In the
area of water consumption, Shehata [13]
emphasized, in facing water problems,actions of
water conservation by giving up on waste behaviors
and affecting water quality. This was only achieved
through the inclusion of study courses and modules
related to water issues to enhance water awareness
[14].
In the same context, some studies [15] aimed
at strengthening water awareness among different
grades students by including courses of study units
related to water education, methods of preserving
water resources ,the vaccination Curricula with
study units on water education, and providing
teaching staff with the latest developments in water
education and awareness method will have positive
results in developing students' attitudes towards
deepening their awareness of water problems, and
providing them with positive skills and behaviors in
the field of various water uses.
Recently, there have been increasing academic
discussions about formulating water educational
programs to promote public participation in
rainwater harvesting [16]) such efforts might be
reflected on policies of adopting rainwater
harvesting by the public [17,18, 19] .Numerous
studies have evaluated the attitudes and perceptions
of the general public on water crucial issues
through water education campaigns [20,21,22,23,
24,25,26, 27]. Such water educational programs
might benefit future generations and promote
rainwater harvesting within wider public
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The importance of the study lies in the fact

included in the plan of the undergraduate program
in the Department of Geography at the University
of Jordan have a significant impact on
consolidating the concepts of water awareness and
water harvesting that would face the problem of
water deficit in Jordan .The content of university
courses, such as the water resources course and the
natural resource conservation course, can be used
effectively in a way that enhances students ’interest
and awareness, by motivating them to pay attention
to water issues in Jordan, such as their interest in
their personal life matters, and then qualify them to
become activists in spreading water awareness and
stimulating the practice of Water harvesting as one
of the solutions to meet the water challenges facing
Jordan.Through the foregoing, it is certain that
raising the level of water awareness and realizing
the importance of practicing water harvesting
operations among students is a major focus in
facing water challenges in Jordan . Also, preparing
programs for water awareness and practicing water
harvesting and activating them in the University of
Jordan in particular and the rest of the Jordanian
public and private universities in general.

that:
1. Emphasizes the importance of water
awareness as a global, regional and local trend in
order to conserve water resources in Jordan.
2. Identify the levels of water awareness
among students and define their positions and
trends towards activating the practice of water
harvesting with the aim of coping with water deficit
in Jordan.
3. Realizing the most important challenges
and problems facing students in the field of forming
their positions and responsibilities towards water
issues in Jordan.
4. The study provides a measure of students
’attitudes towards water issues. Those interested in
water affairs in Jordan benefit from studying water
awareness programs that are intended to be
activated at all levels.
The limits of the study. The study limits are
as follows:
1. The study was restricted to students of the
two courses of conservation of natural resources
and water resources during the second and summer
semester of the academic year 2017-2018 at the
University of Jordan - College of Arts - Department
of Geography.
2. The study was restricted to measuring the
level and attitudes of students from the second and
third year levels in the College of Arts (Table 1).

THE STUDY PROBLEM
The study problem can be formulated in the
following main question: What is the spatial
dimension of the variations in the levels of attitudes
and awareness of students of water resources and
natural resource conservation at the University of
Jordan - Department of Geography towards
activating water harvesting practices to reduce the
aggravation of the water deficit in Jordan ?.

TABLE 1
Distribution of study respondents by gender
Percentage
Repetition
Sex
Male
27.0
43
Female
73.0
116
Total
100.0
159

Study hypotheses and Its Importance. The
current study is based on testing the following
hypotheses related to the dimensions of the
previously mentioned study problem:
The first main null hypothesis :There are no
statistically significant differences at the level of
significance (0.05) in the students ’awareness and
their attitudes towards preserving and developing
water resources and practicing water harvesting,
given that the default arithmetic mean of water
awareness = 3.00.
The second hypothesis: There are no
statistically significant differences at the
significance level (0.05) in the level of students
’attitudes towards the importance of water and its
preservation and the practice of water harvesting
due to gender.
The third hypothesis: There are no statistically
significant differences at the significance level
(0.05) in the level of students ’attitudes towards the
importance of water and its preservation and the
practice of water harvesting due to the place of
residence .

Procedural definitions of study terms:
Water awareness: refers to the students
awareness of the water problem in terms of its size,
causes, dimensions, and how to confront and
address it .The students ’knowledge of water issues
will help them adopt responsible behaviors, which
motivate them to pay attention to and preserve
water problems.
Water harvesting: It is the collection of
rainwater from the roofs of buildings and paved
yards before it flows into the streams of
neighboring rivers and valleys or seeps into the
ground .It is usually stored in cement tanks, cisterns
or earth pits.
Students :Students registered to study the two
courses of conservation of natural resources and
water resources in the Department of Geography College of Arts - University of Jordan .
Study variables
 Gender: male and female students.
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 Place of residence: the region or
geographical area to which the respondent belongs
 Attitudes of students:' attitudes towards
activating the practice of water harvesting
 The level of water awareness
 Study courses: The subject in which the
student is registered (conservation of natural
resources, water resources) .
Teaching courses related to the conservation
of water resources and how to cope with the water
deficit through practicing water harvesting are
considered effective means that can contribute to
the development of water awareness among
students.Positive behaviors are formed to deal with
water rationally .It has become imperative that
water issues be studied and be aware of them
through the contents of study units included in
university courses in Jordan. And if water
awareness is important to all segments of society,
then university students represent the category that
deserves attention, as they are the active segment in
the educational field related to water education and
whose goals are difficult to achieve without them ,
it is hoped that they will pass the ideas and methods
of water harvesting that they acquired during their
studies to their families and friends . The definition
of water awareness , which leads to the exercise of
the activities of harvesting rainwater is the
availability of the appropriate amount of facts and
knowledge associated with the problems of water,
characteristics and challenges of facing problems
resulting from shortages and pollution, which the
individual has been motivated to use water
rationally.

trends of their attitudes towards activating the
practice of water harvesting as one of the solutions
to water blemishes among students in Geography
Department - Faculty of Arts at the University of
Jordan .Among the statistical methods used in
analyzing the study data are the following:
- Frequencies and percentages to describe the
surveyed respondents
- Cronbach alpha coefficient to identify the
stability of the study instrument.
- Arithmetic averages to measure the level of
responses of the study individuals to the items of
the questionnaire. Standard deviations were used to
identify the level of dispersion of the responses of
the study individuals on the items of the
questionnaire.
-Single sample test One Sample T-test.
-Test two independent samples Independent
Sample T-test.
-Single contrast test One Way ANOVA.
Study tool. A list of paragraphs of the
questionnaire has been prepared that includes
requirements for students' awareness of the
importance of developing water resources and
conservation, and their attitudes towards activating
the practice of water harvesting to limit the
aggravation of the water problem in Jordan, in light
of reviewing the contents of previous studies at the
international and Arab levels.
The requirements for students ’awareness of
the water crisis in Jordan are aspects of their
knowledge of the water situation, quantitatively, its
geographical distribution, its development, the
patterns of its uses and its quality . These aspects
were covered by giving lectures to students
registered in the academic courses - the natural
resource conservation course and the water resource
course - at the University of Jordan.
The survey items included the following
aspects of knowledge of the water situation in
Jordan:
1. Items related to the importance of water in
all areas of life
2. Items related to the development of
Jordanian water resources and their conservation:
These paragraphs relate to rationalizing water
consumption, employing print, audiovisual and
audio media, harnessing Qur’anic verses and noble
prophetic hadiths to consolidate behaviors to
conserve water, and practicing water harvesting
with the aim of developing water resources in
Jordan.
3. The questionnaire included special
paragraphs to reveal the students ’attitudes towards
practicing water harvesting activities on the
personal and governmental levels to face the water
deficit in Jordan .In order to activate water
harvesting efforts, the questionnaire included
paragraphs related to the requirements of water

RESEARCH METHOD
In order to answer the study's questions, the
method of research included the study population,
the study method, the study tool, the validity and
reliability of the tool, and the statistical treatment as
follows:
x The Study’s Population. The study
population consists of students registered in the
subject of natural resources conservation and water
resources offered by the Department of Geography
at the Faculty of Arts- during the spring and
summer semester of the academic year 2017-2018 .
The number of students enrolled in the two courses
is (159) male and female students . The
questionnaire was distributed to all students
registered in the two courses.
x Study methodology. The descriptive and
analytical approach was used in this study, and this
method is consistent with the purpose of the study
aimed at identifying the levels of students
’awareness of the water crisis in Jordan, and the
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harvesting measurements such as technical
consultations and material support to accelerate the
implementation of water harvesting projects, and to
reveal students' views on the role of universities in
conducting research and studies related to the issue
of water harvesting to confront the water dilemma
in Jordan.
The paragraphs of the questionnaire were
formulated to take into account the scientific and
linguistic accuracy, and were clear and appropriate
to the level of the students studied .Care was taken
when drafting the paragraphs of the questionnaire
to be of a multiple choice type, and it is most
appropriate to measure students ’awareness levels
and their attitudes about the water crisis and to
activate the practice of water harvesting in the
different geographical regions of Jordan.
After writing the paragraphs of the
questionnaire, it was presented to a committee of
arbitrators and experts in the field of water and
geography to explore their views on the validity and
linguistic representation of the paragraphs of the
questionnaire for the dimensions of the study and
the integrity of the paragraphs . After preparing the
questionnaire in its initial form, the researcher
applied the questionnaire to an exploratory sample
of (20) male and female students, with the aim of
ensuring the validity and stability of the
questionnaire, and determining the time it would
take to fill out the questionnaire when it was
applied to the investigated students.

TABLE 2
Coefficients of stability using
Cronbach's alpha test
Cronbach
Alpha
Coefficient
0.726

The
paragraphs

The field

7-1

0.694

15-8

0.813

15-1

The importance of
developing
and
preserving
water
resources
Attitudes towards
the water crisis and
the practice of water
harvesting
Total

Scale correction key:
The values of the arithmetic averages reached
by the study were corrected as follows according to
the following equation:
Highest value - the minimum value of answer
alternatives divided by the number of levels, i.e:.
(1-5)/3 = 4/3 = 1.33and this value equals the
length of the class.
Thus, the low level of 1.00 + 1.33 = 2.33
And the average level is 2.34+ 1.33 = 3.67
And a high level of 3.685.00 The value (3.00) is the breaking point of
arithmetic mean and compared to the mean value of
the scale.

Validation the study tool: The questionnaire
was presented to (5) faculty members in the
Department
of
Geography,
Business
Administration, and Agriculture, to express their
views on the validity of the content of the
questionnaire, and based on their opinions, some
paragraphs were deleted because they were not
suitable for the purposes of the study, and other
paragraphs were modified for their similarity with
other paragraphs A criterion (0.80) was adopted for
the validity of the paragraph, and after making the
required adjustments, a balance is achievedbetween
the contents of the study tool, which leads to the
apparent validity of the tool.

RESULTS
After subjecting the data to statistical
treatment according to a program (SPSS) [33] To
reach the results related to the extent of the students
’awareness of the importance of developing water
resources in Jordan and conserving them first, then
the results related to the students’ attitudes towards
the water crisis and the necessity of practicing
water harvesting activities in Jordan.and the level of
students ’attitudes about the importance of water
and its conservation. Secondly, the practice of
water harvesting is attributed to the gender. Thirdly,
the practice of water harvesting is attributed to the
place of residence, and that as follows:
Results related to the main question of the
study:
What is the level of students' awareness
towards conserving water resources and activating
the practice of water harvesting in Jordan ?.
To answer the main question of the study,
arithmetic averages and standard deviations were
extracted to identify the level of students
’awareness towards conserving water resources and
activating the practice of water harvesting in
Jordan. Table (3) illustrates this.

Stability of the study tool: To verify the
stability of the study tool, the Cronbach alpha
coefficient was extracted for the sub-axes of the
study tool, and the results were as shown in the
Table (2)
It is evident from Table (2) that the values of
stability coefficients according to the Cronbach
alpha test ranged between (0.694 and 0.726) with a
total score of (0.813), which are acceptable values
for the purposes of the current study.
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TABLE 3
Arithmetic averages and standard deviations to identify the level of students' awareness towards
conserving water resources and activating the practice of water harvesting in Jordan
the level

Rank

standard
deviation

SMA

High

1

0.49

4.37

High

2

0.52

4.20

0.45

4.28

High

the field
The importance of developing and preserving water
resources
Attitudes towards the water crisis and the practice of
water harvesting
Total

TABLE 4
Arithmetic averages and standard deviations of the importance of developing, developing and conserving
water resources in descending order
The level Rank
High

1

High
High
High

2
3
4

High

5

High
High

6
7

High

Standard
deviation

SMA

The number

0.70

4.48

0.77
0.83

4.42
4.38

0.68

4.37

0.83

4.35

0.83

4.31

0.86

4.25

0.49

4.37

Paragraph
It is necessary to develop water sources in order to increase water
supplies in Jordan
I believe that water is important in all aspects of life.
It is necessary to conserve water continuously
It is believed that practicing rainwater harvesting is an appropriate
mean for water development in Jordan.
It is necessary to activate Verses And hadiths Prophetic that promote
Water conservation.
the need Dire To find efficient Solutions for water crisis in Jordan
It is important to utilize audio And visual means for conservation
encouraging water
Importance_of water conservation

2
1
5
3
6
7
4

paragraph states (I believe that water is important in
all aspects of life). And in the last place came
paragraph No. (4) with an arithmetic mean (4.25)
and a standard deviation (0.86), which is of the high
level. The paragraph stipulated (It is important to
utilize audio And visual means for conservation
encouraging water).
Second: Attitudes towards the water crisis and
the practice of water harvesting:
The arithmetic averages and standard
deviations were extracted to identify the attitudes
towards the water crisis and the practice of water
harvesting. Table (5) illustrates that:
It is evident from Table (5) that the attitudes
towards the water crisis and the practice of water
harvesting had an overall arithmetic mean (4.20)
and a standard deviation (0.52), which is of the high
level. Paragraph no. (3) obtained an arithmetic
mean (4.32) and a standard deviation (0.79). It is
also of the high level, and the paragraph stated: (A
viable option of confronting water challenges in
Jordan is through rainwater harvesting option). And
in the next paragraph no. (7) theparagraph
camewith an arithmetic mean (4.26) and standard
deviation (0.95) ,a high level, it stated:(Practicing
rainwater harvesting in Jordanian Regions Suffer
water Deficit is a must).
And in the last place came paragraph no. (8)
with an arithmetic mean (4.01) and a standard
deviation (0.94), which is of the high level. The
paragraph states:(Jordan Universities have a crucial
role in funding research related to rainwater
harvesting) .

It is evident from Table (3) that the general
arithmetic average of the students ’awareness level
towards preserving water resources and activating
the practice of water harvesting in Jordan reached
(4.28) with a standard deviation (0.45), which is of
the high level.The importance of developing water
resources and preserving them came in the first
place, and it obtained an arithmetic average (437)
and a standard deviation (0.49), which is of the high
level, and in the second place came the students'
attitudes towards the water crisis and the practice of
water harvesting with an average of (4.20) and a
standard deviation 0.52) which is of the high level.
The arithmetic means and standard deviations
were extracted to identify the level of subparagraphs for each dimension of the study, as
shown below:
First: The importance of developing and
conserving water resources
The arithmetic averages and standard
deviations were extracted to identify the importance
of developing and conserving water resources.
Table (4) illustrates this:
It is evident from Table (4) that the
importance of developing and preserving water
resources attained a total mean (4.37) and a
standard deviation (0.49), which is of the high
level, and paragraph no. (2) obtained an arithmetic
mean (4.48) and a standard deviation (0.70). the
first rank attained by the second paragraph.The
paragraph stated: (It is necessary to develop water
sources in order to increase water supplies in
Jordan). And in second place, came Paragraph No.
(1) with an arithmetic mean (4.42) and a standard
deviation (0.77), which is of the high level. The
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TABLE 5
Arithmetic means and standard deviations of attitudes towards the water crisis and
the practice of water harvesting
The level Rank

Standard
deviation

SMA

0.79

4.32

High

1

High
High

2
3

0.95

4.26

0.89

4.25

High
High

4
5

0.90

4.24

1.00

4.21

High
High
High

6
7
8

0.97
0.94

4.16
4.11

0.94

4.01

0.52

4.20

High

The
Paragraph
number
A viable option of confronting water challenges in Jordan is through rainwater
3
harvesting option
Practicing rainwater harvesting in Jordanian Regions Suffer water Deficit is a must.
7
Technical Consultations and funds should be directed to Jordanian families installing
6
rainwater systems.
It is important to activate rainwater harvesting efforts to face water shortage in Jordan.
2
Experts consultation is needed during the process of installing rainwater harvesting
5
systems.
Spreading awareness of the importance of rainwater harvesting actions is feasible.
1
Experts' efforts in rainwater harvesting directed toward governmental projects.
4
Jordan Universities have a crucial role in funding research related to rainwater
8
harvesting.
The necessity of practicing rainwater harvesting

TABLE 6
Independent sample test One Sample T-test to identify the differences in students' awareness and their
attitudes towards preserving and developing water resources and practicing water harvesting
Statistical
significance

Degrees of
freedom

Values
Tabular

(t)

Values (t)
Calculated

standard
deviation

SMA

35.467

* 0.00
158

0.49

4.37

0.52
0.45

4.20
4.28

1.96

* 0.00

28.906

* 0.00

35.661

Source
The importance of developing
preserving
water
and
resources
Attitudes towards the water
crisis and the practice of water
harvesting
Total

*A function at the level of statistical significance (0.05), a value (t) Tabular = 1.96, value (t) Default (cutoff point) = 3.00

3. The clear effect of social media in
developing water awareness among students of all
groups.
4. Participation of students from time to time
in seminars related to water and its issues in Jordan.
5. The effective role of the Jordanian family
in developing water awareness among its children
and providing them with knowledge, skills and
positive water behaviors, and this is due to the high
level of environmental culture, especially in light of
the high standard of living in Jordan.
Second: Analyzing students ’attitudes towards
the water crisis and the necessity of practicing
water harvesting activities through the following
hypothesis:
There are statistically significant differences at
the significant level (0.05) In student attitude
towards the water crisis and the need to practice
water harvesting activities , noting that the cutoff
point of the arithmetic mean of awareness = 3.00.
To test the validity of the hypothesis,t- test
was used for one sample, and Table (7) illustrates
that:
- It is evident from the Table (7) that the
calculated value of (t) is greater than the tabular
value of (t) at the level of statistical
significance(0.05)This means that there are
differences between the arithmetic averages of
students ’attitudes towards the water crisis and the
necessity of practicing water harvesting activities
by students, meaning that the level of water
awareness in its knowledge aspects related to the

Hypotheses Testing :The first hypothesis :
There are no statistically significant differences at
the level of significance (0.05) In the students
’awareness and their attitudes towards preserving
and developing Jordanian water resources, noting
that the breaking point of arithmetic mean of
awareness = 3.00.
To test the first hypothesis, the independent
sample test was used One Sample T-testTo identify
the differences in the level of students' awareness
and their attitudes towards the preservation and
development of Jordanian water resources وand
Table (6) clarifies this:
It is evident from the table (6) that the
calculated value of (t) is greater than the tabular
value of (t) at the level of statistical significance
(0.05)This means that there are differences between
the arithmetic averages of the level of importance
of developing, and conserving Jordanian water
resources equal to (4.37) and this exceeds the cutoff
point (3.0) This is explained as the following:
1. The scientific content for the two courses
of preserving natural resources and water resources
included study modules related to enhancing and
developing awareness of the preserving water
resources and giving water and its issues adequate
momentum in its content.
2. Encouraging
students
to
actively
participate in activities related to water and
conservation issues.
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the practice of water harvesting, it is attributable to
gender .Which means that there are no statistically
significant differences at (a ≥ 0.05) In terms of
students ’attitudes towards the importance of water
and its preservation, and the practice of water
harvesting, it is attributable to gender . The reason
for this may be due to the strength of the content of
the educational material for the two courses that
benefits students in developing their water
awareness of information and their practice of
educational activities in the field of water issues
and preservation, and accordingly,they reflect
positive attitudes towards the importance of water
and its preservation and the need to practice water
harvesting in Jordan.
The third hypothesis testing: There are no
statistically significant differences at the
significance level (0.05) in the level of students
’attitudes towards the importance of water and its
preservation and the practice of water harvesting
due to the place of residence. The middle region
which consists of (Amman, Madba, Balqa, and
Zarqa Governorates); the northen region ( Irbid,
Ajloun, Jarash, and Mafraq Governorates); and the
southern region {Karak, Taffila, Maan, and Aqaba
Governorates) as shown in Fig. (1)

development of Jordanian water resources and their
preservation is equal to (4.20) and this exceeds Cut
point (3.0). This is explained by the fact that the
students ’positive attitudes are due to their
awareness of the reality of the critical water
situation in the Kingdom represented by the arrival
of water to their homes according a scheduled
program (water supply is provided once a week Per
residential area).
The second hypothesis testing: There are no
statistically significant differences at the
significance level (0.05) in the level of students
’attitudes towards the importance of water and its
preservation and the practice of water harvesting
due to gender.
To test the second hypothesis, two
independent samples were used Independent
Sample T-test In order to identify the differences in
the students' level of attitudes towards the
importance of water and its preservation and the
practice of water harvesting due to the gender
variable, and the following Table (7) illustrates this
:
It is noticed from Table (7) that the calculated
value of (t) is smaller than the tabular value of (t) at
(a ≥ 0.05) In terms of students ’attitudes towards
the importance of water and its preservation, and

TABLE 7
Two independent samples tested Independent Sample T-test to identify the differences in the level of
students' attitudes towards the importance of water and its preservation and the practice of water
harvesting due to gender
Statistical
significance
0.172

Values (t)

0.953

0.059

0.486

0.699-

1.373-

Standard
deviation
0.66

SMA

The number

Sex

The source of the contrast

4.28

43

0.40

4.40

116

Male
female

0.63

4.20

43

0.48

4.20

116

0.62
0.37

4.24
4.30

43
116

The
importance
of
developing and preserving
water resources
Attitudes towards the water
crisis and the practice of
water harvesting
Macro

FIGURE 1
Jordan’s three main regions
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TABLE 8
Arithmetic means and standard deviations to identify the level of students' attitudes towards the
importance of water and its preservation and the practice of water harvesting attributable to the place of
residence
Standard deviation

SMA

The number

0.47
0.40
0.60
0.49
0.56
0.41
0.57
0.52
0.46
0.37
0.54
0.45

4.41
4.37
4.24
4.37
4.17
4.25
4.19
4.20
4.29
4.31
4.22
4.28

79
46
34
159
79
46
34
159
79
46
34
159

The Middle region
The north region
The South region
Total
The middle region
The North region
The South region
Total
The middle region
The north region
The South region
Total

The
importance
of
developing and preserving
water resources
Attitudes towards the water
crisis and the practice of
water harvesting

Total

TABLE 9
Test of unilateral variance One Way ANOVATo identify the significance of the differences in the students
’attitudes towards the importance of water and its preservation, and the practice of water harvesting is
attributed to the place of residence
Statistical
significance
. 231

Values (F)

Average of squares

1.480

347
. 234

. 716

335

092
.275

.654

426

088
. 207

Degrees
of freedom
2.000
156,000

693
36,555

Between groups
Within groups

158,000

37.249

Total

2.000
156,000

184
42.861

Between groups
Within groups

158,000

43.046

Total

2.000
156,000

176
32.246

Between groups
Within groups

Sum of squares

Source
The importance of
developing
and
preserving
water
resources
Attitudes towards
the water crisis and
the practice of water
harvesting
Total

averages, if any, did not reach the level of statistical
significance at the level of (α ≥0.05), and
accordingly the null hypothesis is accepted,
meaning that there are no statistically significant
differences at the level of significance (α ≥0.05)in
the level of students ’attitudes towards the
importance of water and its preservation and the
practice of water harvesting is attributed to the
place of residence. Such results can be attributed to
the nature of dry and semi dry climatic conditions
in all parts of Jordan. Therefore, all students
realizing water scarcity permanently.

To test the third hypothesis, the arithmetic
means and standard deviations were extracted, and
the single -test of variance was usedOne Way
ANOVA to identify the differences in the level of
students' attitudes towards the importance of water
and its preservation and the practice of water
harvesting attributable to the place of residence:,
and the following are the results as shown in Table
8.
From Table (8) it is clear that the existence of
apparent differences in the arithmetic averages of
the level of students ' attitudes towards the
importance of water conservation and water
harvesting practice due to the place of residence ,
and to reveal the significance of differences, test
was used the analysis of variance One Way
ANOVA, Its results appear in the following as
shown in Table 9:
It is evident from Table (9) that there are no
statistically significant differences at (α ≥0.05)in
the level of students ’attitudes towards the
importance, development and preservation of water
resources, and the attitudes towards the water crisis
and the practice of water harvesting are attributed to
the place of residence, as the statistical value
reached (F) (1.480, 0.335, 0.426) , respectively, for
the dimensions and the overall score, and the
differences between the values of the arithmetic

CONCLUSIONS
Based on the findings of the present study, it
has been found that students enrolled in two courses
in geography (Natural Resources Conservation and
Water Resources courses) demonstrated strong
favorable attitudes towards the necessity of
installing rainwater harvesting systems in order to
collect and store rainwater to be used during
summer times, this may be due to their realization
of water crisis in the country. Regardless of gender
and place of residence of students (North, Middle,
and South regions of the country), students showed
a strong support of rainwater harvesting, which may
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[9] Marouf, M. (2010) Water Awareness Level
among Students And Science Teachers at
Palestinian Universities in Gaza, Unpublished
Master's Thesis, Islamic University, Gaza
[10] Sha'ir, E. (2001) Water Awareness among
students teachers at the Faculty of Education Calendar Study. Journal of Scientific Education. 4(P4). Dec.
[11] Al-Sayed, N. and Ramadan, S. (2001)
Education and the development of water
awareness, an analytical study of the role of
some educational institutions in Egypt. Journal
of the Future of Arab Education. 7(22).
[12] Shahata, H. (1999) Environmental Pollution,
The Age Virus, Second Edition, Dar Al-Nahda
Al-Arabia for Printing, Publishing and
Distribution – Cairo.
[13] Imran, K. (2007) The effectiveness of a
proposed program based on anecdotal
approach in the teaching of social studies to
achieve some goals of water education among
sixth grade students, The Educational Journal,
College of Education - Sohag University, No.
24.
[14] Wahsh, E. (2000) Role of The Social Studies
Curriculum in The Development of Water
Awareness, Journal of the Faculty of Education in Damietta. Issue 34.
[15] Jensen, B.B. and Schnack, K. (1997)The
Action competence approach in environmental
Education. Environ. Educ. Res., 3: 163--178.
[16] Eun -Jung, S., Tae- Yeon, K., Tae-Ho, K.
(2013)The Effect of a rainwater education
program on South Korean students'
Awareness and Attitudes" . Environmental
Engineering Research. 18 (2), 77-84.
[17] Lee, J.M. and Lee, D.G. (2011) Environmental values of rainwater using. In:
Proceedings of the 36th Annual Seminar of
the Korean Society for Environmental Education, Dec 10, Seoul, Korea. p. 75--78.
[18] United Nations Environmental Program Seoul National University
Rainwater
Research Center (2004) Innovative education
program through rainwater harvesting. Seoul:
United Nations Environmental Program Seoul National University
Rainwater
Research Center.
[19] Jorgensen, B., Graymore, M. and O' Toole, K.
( 2009 ) Household water use behavior: An
integrated model . On Management Of the
Environmental Journal Unit. 91, 227 – 236.
[20] Mahler, R.L. , Gamroth, M., Pearson, P.,
Sorenson, F., Barber ,M. and Simmons,R. (
2010) Information sources, learning opportunities, and priority water issues in the pacific
northwest. Journal of Extension 48(2 ), 2RIB2.

be due to water scarcity in Jordan. Finally, such
undifferentiated stances positive attitudes of
students towards rainwater harvesting may be due
to their consideration of water harvested as an
alternative option to meet an increasing demand for
water.
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is beneficial to improve water use efficiency and purify water quality [2, 3]. The controlled drainage
technology was originated in Europe and the United
States since 1970s [4]. Through setting up water
level control device at farmland drainage outlet to
control drainage flow and intensity, it can reduce the
excessive loss of water and fertilizer when ensuring
the normal growth of crops [5, 6].
At present, the average application rate of agricultural chemical fertilizer in China is more than 400
kg/ha, which far exceeds the safety and upper limit
of 225kg/ha established by developed countries [7].
With the utilization of chemical fertilizer instead of
organic fertilizer, the fields in China suffer from
acidifying, soil fertility decline, etc. A large number
of studies showed that the utilization rate of in-season nitrogen fertilizer in farmland was only about
30%, and the rate of phosphate fertilizer is only
about 15%. Great amounts of nitrogen and phosphorus enter into the river with drainage or rain water,
resulting in the pollution in surface water and
groundwater [8]. For example, the agricultural nonpoint pollution in Huaibei Plain of China is the main
source of eutrophication of rivers and lakes in this
area. Therefore, improving the storage capacity of
rain water in Huaibei Plain and reducing agricultural
drainage is an important approach to reduce the loss
of nitrogen and phosphorus for improving the utilization rate of chemical fertilizer and controlling the
pollution of non-point sources.
On the other hand, irrigation has a profound impact on the water environment in rice fields. Traditional flood irrigation not only wastes a lot of fresh
water resources, but causes soil nutrients and mineral
elements leaching [9]. Therefore, the development
of rice water-saving irrigation technology is of great
significance [10]. Water-saving irrigation aimed at
maximizing water use efficiency by minimizing the
irrigation water amount. In Japan, the rice water-saving irrigation technology is achieved by choosing the
early stage to "dew", then using thin water irrigation
combined with mulching technologies in mediumto-late stage [11]. India mainly uses the intermittent
rice irrigation technology [12]. Egypt focuses on the
use of shortening the entire growth period of rice to
achieve the purpose of water saving [6]. Due to the
small area of rice planting in European countries, the

ABSTRACT
The experiments were conducted to explore the
effect of controlled irrigation and drainage modes on
water saving, as well as nitrogen and phosphorus
pollutants reduction from paddy rice fields under
three different modes including the slight-drought
controlled irrigation and drainage (LCID), the
heavy-drought controlled irrigation and drainage
(HCID) and the conventional controlled irrigation
and drainage (CK). The results showed that the controlled irrigation and drainage technology could effectively reduce the frequency and amount of drainage from rice fields, thereby reducing the irrigation
quota. Particularly, LCID extended the irrigation interval, decreased the irrigation frequency, and improved the use efficiency of rainwater by over 20%.
HCID had the most significant effects on reducing
the nitrogen and phosphorus concentrations in surface drainage. The average 2-year NH4+-N, NO3–-N,
and TP drainage loss were reduced by 38.88%,
62.97% and 59.23%, respectively. The overall results concluded that the controlled irrigation and
drainage was an effective way to save water, reduce
drainage and decrease nitrogen and phosphorus discharges compared to the single drainage. Moreover,
these effects were found more satisfactory under
heavier rainfalls.

KEYWORDS:
Irrigation, drainage, paddy rice, nitrogen, phosphorus

INTRODUCTION
The growing period of paddy rice requires great
amounts of rainfall and drainage. The agricultural
drainage results in the loss of nutrients such as nitrogen and phosphorus, which not only reduces the utilization efficiency of water and fertilizer, but leads
to eutrophication of nearby rivers, lakes and reservoirs [1]. However, paddy field has a function of
constructed wetland that prolonging the retention
time of rainfall or irrigation layer in the field, which
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research on rice water-saving irrigation technology
is mainly focused on the use of advanced technologies such as the channel seepage prevention, microsprinkler irrigation, pipe irrigation, and farmland soil
moisture detection [13].
Although there are many studies on water environment and pollutant discharge from paddy rice
field under single factor of water-saving irrigation or
control drainage, the research on controlled irrigation and drainage to reduce pollutant discharge is
still very scarce, and it is urgent to quantitatively investigate the effect of controlled irrigation and drainage on drainage reduction and pollutants decrease.
Therefore, this study used three controlled irrigation
and drainage modes including the slight-drought
controlled irrigation and drainage (LCID), the
heavy-drought controlled irrigation and drainage
(HCID) and the conventional controlled irrigation
and drainage (CK), to research (1) the effect of controlled irrigation and drainage on the volume saving
of irrigation, drainage and leakage waters, and (2)
the effect of controlled irrigation and drainage on the
nitrogen and phosphorus pollutants discharge. The
results are expected to provide theoretical and practical basis for the improvement of ecological environment in paddy rice field.

Experimental design. Small-scale trials were
conducted from June to October in 2015 and 2016.
The rice variety used for experiment was the local
high-yielding variety ‘Two-You 9918’, which is an
indica-type hybrid rice. The reproductive stage of
rice was divided into six stages: rejuvenation, tillering, gestation, tassel flowering, milk ripening, and
yellow ripening. The rejuvenation stage is a process
of growth recovery that the physiological indicators
are difficult to measure. The yellow maturity stage
responds unclearly to the changes in moisture.
Therefore, in these two stages, the indicators were
not observed. The divisions of growth stages of rice
in 2015 and 2016 are shown in Table 1.
The amount of fertilization was determined according to the local fertilization habits. Three times
of fertilization were applied throughout the growth
period of rice. The base fertilizer was compound
chemical fertilizer with N:P2O5:K2O ratio of
15:15:15. The fertilization rate is 900 kg/ha. The fertilizers were mixed with the topsoil after the field
harrow. The top dressing was conducted twice using
urea (46.4% nitrogen content), with 100 kg/ha for
tiller fertilizer and 100 kg/ha for ear fertilizer.
The experimental design of the water level control schemes for each treatment is shown in Table 2.
Conventional irrigation and drainage (CK) adopted
the controlled irrigation (water level from lower than
-200 mm to 30 mm) and traditional drainage mode
(drainage when water level exceeds 60 mm and allow water storage level to 60 mm). The controlled
irrigation and drainage included two different lower
limits of irrigation water, namely the light-drought
controlled irrigation and drainage (LCID) and the
heavy-drought controlled irrigation and drainage
(HCID). The allowable water storage depth after rain
for these two controlled irrigation and drainage treatments was greater than that of CK. Each treatment
was arranged in a grid field, the size of the grid field
was 90 m×27 m. The long side of each grid field was
adjacent to the water supply canal and drainage
ditch, and the short side was established with agricultural canals and ditch, and the grid field is embedded with 35 cm depth of thin film for eliminating the
influence of water level between treatments. The
drainage outlet of the farm ditch had a control gate
to regulate the water level. Each treatment had 3 repetitions. All treatments were the same in other agricultural practices except that the water level control
was strictly implemented in accordance with the experimental design.

MATERIALS AND METHODS
Experimental site. The experiments were conducted at the Water Resources Science Research StaWLRQ ƍ( ƍ1  LQ /LDQVKXL &RXQW\
Huai'an City, Jiangsu Province. Huai'an City is located in the north-centre of Jiangsu Province with
ORQJLWXGH IURP ƍ( WR ƍ( and latitude
IURPƍ1WRƍ17KHH[SHULPHQWDODUHDLV
located in the Huai'an Plain, which belongs to the
transition zone between the subtropical and the
warm temperate climates. The area has distinct seasons, concurrent rain and heat, abundant sunshine
and obvious monsoon climate characters. Average
annual temperature in the area is 14.4 °C, the rainfalls distribution is uneven since the most are concentrated in summer with large intra-annual and inter-annual variations. Besides, the average rainfall
for the earlier 10 years was 979.1mm, the annual
evaporation was 1385.4mm, the number of sunshine
hours was 2280h, the average frost-free period was
240d, the number of rainy days was 104 d, the average annual temperature was above 5°C for 289d, and
the average annual relative humidity was 77%. The
soil texture of the tillage layer in the experimental
area was loamy, and the field water-holding capacity
of soil in the 0-30 cm soil layer was 27.9% (water
content by mass). The bulk density was 1.42 g/cm3,
the pH value was 6.82, the organic matter mass fraction was 2.19%, the total nitrogen content was 0.98
g/kg, and the total phosphorus content was 1.12 g/kg.

Sample and measurement. Irrigation and
drainage observation. The irrigation volume was
measured using the water meter; the surface drainage
was measured using the water level difference
method: before and after the drainage, the depth of
the field water level was observed in the fixed point
of using water gauge. The total rainfall during the
drainage period needed to be added to the total
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amount of surface drainage when the drainage encountered the rainfall.

Statistical analysis. Data were submitted to
SPSS 17.0 software to compare differences (according to LSD) [17].

Surface water observation. In each block,
3~5 sampling points were randomly selected, and a
50ml medical syringe was used, to collected surface
water without disturbing the soil layer. After collecting, the surface water samples were mixed into a
sample bottle and marked. The surface water samples were collected every 7 days.

RESULTS
The effect of controlled irrigation and drainage on the irrigation, drainage and leakage
amounts. The total rainfall during the growth period
of rice fields in the experimental area in 2015 and
2016 were 831.0 mm and 561.0 mm respectively, in
which the numbers of heavy rains were 4 and 3.
Heavy rains only occurred once in 2015, and the
daily rainfall reached 181 mm. The results were
shown in Table 3. Compared with CK in 2015, LCID
and HCID have reduced irrigation volume by
16.13% and 37.10%, and the surface drainage was
reduced by 68.59% and 72.62%, respectively, while
the leakage of paddy field was increased by 28.39%
and 15.77%. Compared with CK in 2016, LCID and
HCID decreased the irrigation volume by 9.72% and
26.19%, reduced the surface drainage by 32.97% and
41.94% respectively. While for the leakage of paddy
field, only HCID reduced leakage amount by 8.57%.
For the two years by LCID and HCID treatment, the
average paddy field irrigation volume decreased by
11.89% and 29.88%, and the drainage volume decreased by 52.72% and 58.95%, both reaching significant levels (p<0.05).

Leakage water observation. The soil leachate
sampling tube was a 90cm PVC tube, with 20 cm
above the soil. Holes were punched 5~15 cm from
the bottom of the tube, and the holes were wrapped
tightly with nylon gauze and tied with iron wire to
prevent the holes from being blocked by the soil. The
bottom was sealed with plug. The leakage fluid was
collected with a footrest suction device. The leakage
samples were filled in a plastic bottle and marked.
After collecting all the samples, they were stored in
the refrigerator at a low temperature, of 3°for treatment of water quality. The leakage water samples
were taken every 10 days. In case of rain and fertilization, the frequency of sampling was increased.
Ammonium nitrogen (NH4+-N), Nitrate nitrogen (NO3--N) and total phosphorus (TP). The
indicators were determined by Na's reagent photometric method. The measuring instrument was the
UV2800 ultraviolet spectrophotometer [14-16].

TABLE 1
Starting and ending time of each growth period of rice
2015
Growth period

Date

Tillering stage
Jointing and booting stage
Heading and flowering stage
Mike ripening stage
Yellow ripening stage

07-01—07-30
07-31—08-17
08-18—09-09
09-10—10-02
10-03—10-28

2016
Days after
transplanting
8~37
38~55
56~78
79~101
102~127

Date
07-06—08-04
08-05—08-21
08-22—09-10
09-11—09-30
10-01—10-30

Days after transplanting
9~38
39~55
56~75
76~95
96~125

TABLE 2
Water level control plan for different treatment
Allowable
storage depth
after rain

Irrigation up
limit

HCID water level/mm
Irrigation low
limit

Allowable
storage depth
after rain

Irrigation up
limit

Irrigation low
limit

LCID water level/mm

Allowable
storage depth
after rain

Irrigation up
limit

Growth
period

Irrigation low
limit

CK water level/mm

Tillering stage
–200
30
60
–200
30
100
–500
30
Jointing and booting stage
–200
30
60
–200
30
200
–500
30
Heading and flowering stage –200
30
60
–200
30
200
–500
30
Mike ripening stage
–200
30
60
–200
30
200
–500
30
Yellow ripening stage
No water retaining layer, natural drying
Note: The farmland water level is "0", the positive value represents the depth of the farmland water layer, and the
value represents the buried depth of the farmland groundwater.
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TABLE 3
Irrigation and drainage amount, times and leakage amount of different treatments
Irrigation
Drainage
leakage
Irrigation times Drainage times
amount/mm
amount/mm
amount/mm
a
a
b
CK
310
347
317
4a
6a
b
b
a
a
2015
LCID
260
109
407
4
3b
95b
367a
2b
2c
HCID
195c
a
a
a
a
CK
607
279
315
8
5a
b
b
a
b
LCID
548
187
334
7
2b
2016
HCID
448c
162b
288b
5c
2b
Note: Different lowercase letters in the same column in the same year indicate that the difference between treatments has
reached 0.05 level. Irrigation amount includes soaking field irrigation before transplanting.
Year

Treatment

FIGURE 1
The dynamic changes of the mass concentration of
ammonium nitrogen and nitrate nitrogen in surface water
(LCID, HCID and CK refer to three different controlled irrigation and drainage modes, respectively, for light drought controlled
irrigation and drainage, heavy drought controlled irrigation and drainage and conventional controlled irrigation and drainage)

The overall results showed that controlled irrigation and drainage could effectively reduce the frequency and amount of drainage in rice fields, thereby
reducing the irrigation quota. In particular, HCID
treatment could prolong the irrigation period and reduce the irrigation frequency with more significant
effects of the water-saving and the labor-saving.
Meanwhile, in 2015, when the rice field encountered
heavy rainfall during the growth period, the controlled irrigation and drainage of the rice field increased the depth of water accumulation after rain,
prolonged the flooding duration in the rice field, and
caused an increase in leakage. However, due to the
lower rainfall in 2016, the accumulated duration with
the anhydrous layer under HCID was greater and the
leakage was significantly reduced.

The effect of controlled irrigation and drainage on nitrogen and phosphorus concentrations
in the surface Water. The dynamic changes of
NH4+-N and NO3--N concentrations in surface water
of 2015 and 2016 were shown in Figure 1. The overall trend of NH4+-N concentration in surface water i
gradually decreased with the growth and development of rice. A heavy rainfall occurred on the 38th
day after transplanting in 2015, with the daily rainfall reaching 181mm, and the nitrogen concentrations in each treatment increased significantly. After
the rainfall, the concentrations of NH4+-N and NO3-N in surface water treated by HCLD were 56.25%
and 42.86% higher than that of CK, and 44.23% and
17.65% higher than that of LCID, showing significant (p<0.05) difference. The average concentrations
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of NH4+-N and NO3--N in surface water during the
whole growth period under each treatment were
shown in Table 4. In 2015, compared with CK, the
average concentration of NO3--N in surface water
treated by LCID was reduced by 23.60%, while average concentration of NH4+-N in surface water
treated with HCID treatment was increased by
21.29%. In 2016, compared with CK, HCID treatment showed no significant change in nitrogen concentration. Compared with CK, the average concentrations of NH4+-N and NO3--N in surface water under HCID treatment were increased by 26.26% and
23.14%, respectively. The influence of different
treatments on the average nitrogen concentration in
surface water was different between the two years,
mainly due to the strong difference in annual rainfall.
As shown in Figure 2, the concentration of TP
in surface water in the rice field fluctuated greatly,
while the overall trend of TP decreased with the
growth process of rice. The fertilizer application,
rainfall and irrigation induced turbulent water layer
and splash erosion that would disturb the surface soil
layer, making the topsoil particles and enriched
phosphorus easily enter the surface water and causing a short peak of TP concentration. Before the rainfall in 2015 (35d after transplantation), the concentration of TP under different treatments showed no
obvious difference. However, on the 1st day after
rainfall (38d after transplantation), the TP in HCID
treatment reached 3 mg/L, which was 56.67% and

46.67% higher than CK and LCID respectively,
reaching a significant level.
Table 4 displayed the average concentration of
nitrogen and phosphorus in surface water for the
whole growth of rice under each treatment. In reference to CK, the average concentration of TP in LCID
and HCID surface waters in 2015 increased by
22.22% and 44.44%. While in 2016, only the HCID
treatment was 11.65% higher.
The impact of controlled irrigation and
drainage on the load of nitrogen and phosphorus
loss in the surface drainage. Compared with CK, in
2015, LCID and HCID treatment reduced NH4+-N
load by 51.48% and 53.29%, reduced NO3--N load
by 77.60% and 81.60%, and reduced TP load by
61.58% and 67.24%, respectively. In 2016, LCID
and HCID reduced NH4+-N load by 16.26% and
19.88%, reduced NO3--N load by 27.34% and
28.09%, and reduced TP load by 45.85% and
49.23%, respectively. The average loads of NH4+-N,
NO3--N, and TP drain loss for 2 years under LCID
treatment were 36.29%, 60.10% and 54.58%, respectively, and those under HCID were 38.88%,
62.97% and 59.23%, respectively. The loads of nitrogen and phosphorus loss under the two treatments
were obviously reduced. The reduction effect
reached a significant level (p<0.05), while the difference of reduction effect between the two treatments
(LCID and HCID) was not significant.

FIGURE 2
The dynamic change of total phosphorus concentration in surface water
(LCID, HCID and CK refer to three different control irrigation and drainage modes, respectively, for light drought controlled
irrigation and drainage, heavy drought controlled irrigation and drainage and conventional controlled irrigation and drainage)

TABLE 4
Average concentration of nitrogen and phosphorus in surface water under different treatments
Nitrate nitrogen
Ammonia-nitrogen
Total phosphorus
(NO–3-N) /(mg·L–1)
(NH+4 -N) /(mg·L–1)
(TP) /(mg·L–1)
c
a
CK
0.72
1.16
4.18b
2015
LCID
0.88b
0.89b
4.49b
1.07a
5.07a
HCID
1.04a
b
b
CK
1.03
1.21
4.38b
LCID
0.95b
1.11b
4.87b
2016
1.49a
5.53a
HCID
1.15a
Note: LCID, HCID, CK respectively represent the different controlled irrigation and drainage patterns of light drought controlled irrigation and drainage, heavy drought controlled irrigation and drainage and conventional controlled irrigation and
drainage. Different lowercase letters in the same column indicate that the difference between treatments reached 0.05 level.
Year

Treatment
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TABLE 5
Runoff loss of nitrogen and phosphorus in different treatments
Year

Treatment
CK
LCID
HCID
CK
LCID
HCID

2015

2016

Nitrate nitrogen
(NO–3-N) /(kg·hm–2)
5.00a
1.12b
0.92b
2.67a
1.94b
1.92b

Total phosphorus
(TP)/(kg·hm–2)
4.06a
1.56b
1.33b
3.25a
1.76b
1.65b

Ammonia-nitrogen
(NH+4 -N) /(kg·hm–2)
23.68a
11.49b
11.06b
17.96a
15.04b
14.39b

Note: LCID, HCID, CK respectively represent the different controlled irrigation and drainage pattern of light drought controlled irrigation and drainage, heavy drought controlled irrigation and drainage and conventional controlled irrigation and drainage. The different lowercase letters in the same column indicate that the difference between treatments reached 0.05 level.

TABLE 6
The average concentration of nitrogen and phosphorus in leaching water and the loss amount of nitrogen
and phosphorus under different treatments
Total phosphorus
(TP) /(kg·hm–2)

Nitrate nitrogen
(NO–3-N) /(kg·hm–2)

Ammonia-nitrogen
(NH+4 -N)/(kg·hm–2)

2016

CK
LCID
HCID
CK
LCID
HCID

Ammonia-nitrogen
(NH+4 -N) /(mg·L–1)

2015

Treatment

Nitrate nitrogen
(NO–3-N) /(mg·L–1)

Year

Leaching loss amount

Total phosphorus
(TP) /(mg·L–1)

Concentration

0.33a
0.36a
0.37a
0.49b
0.46b
0.59a

0.71a
0.52b
0.68a
0.72b
0.70b
0.94a

1.60a
1.82a
1.85a
1.77b
1.87b
2.13a

1.33b
1.67a
1.72a
1.60b
1.71b
1.93a

2.79a
2.56a
2.82a
3.57b
3.29b
4.55a

6.12b
7.96a
8.57a
7.37b
7.93b
8.99a

Note: LCID, HCID, CK respectively represent the different controlled irrigation and drainage pattern of light drought controlled irrigation and drainage, heavy drought controlled irrigation and drainage and conventional controlled irrigation and drainage. Different
lowercase letters in the same column indicate that the difference between treatments reached 0.05 level.

The results of previous studies at Gaoyou Irrigation District showed that the combined water-saving irrigation with controlled drainage by establishing a field-ditch-wetland system decreased drainage
amount by 45.8%-60.4%, total nitrogen load by
91.3%-96.1%, and total phosphorus load by
77.1%~90.5% [18, 19]. Our results are slightly lower
than the previous conclusion, which may be due to
the addition of the wetland system in previous studies and the differences between the two experimental
soils, climate and other external factors.

During intensive rainfalls, LCID and HCID increased leaching losses of TP and NH4+-N significantly. However, there was no significant difference
of the leaching losses between LCID and CK when
rainfall was low, at this situation, only HCID significantly increased nitrogen and phosphorus leaching
losses, leading to the risk of groundwater pollution.
Average TP and NH4+-N leaching loads under LCID
treatment for 2 years were increased by 15.36% and
17.79%, respectively, compared to CK (p<0.05),
while the NO3--N was not significantly increased.
The TP, NH4+-N and NO3--N leaching losses under
HCID treatment were 24.57%, 30.17% and 15.88%
higher, respectively (p<0.05) compared to CK.
This study explored the effect of controlled irrigation and drainage on the water-saving and the nitrogen and phosphorus loss. However, the pollution
elements are existed in various complex states, such
as the gaseous pollutants including NO and N2O. Alternating wet and dry rice fields is easy to release
gaseous nitrogen pollutants into the air. The latest research shows that the nitrogen loss caused by anaerobic ammonia-oxidizing bacteria cannot be ignored
[20]. Therefore, in future, more research should be
focused on the effects of controlled irrigation and
drainage on the soil nitrogen and phosphorus related
microorganisms and other loss forms.

The impact of controlled irrigation and
drainage on the loads of nitrogen and phosphorus
leaching. According to the results of nitrogen and
phosphorus leakage in the field during the whole
growth period of rice, the average concentration and
leaching loss of nitrogen and phosphorus under the
different controlled irrigation and drainage modes
were shown in Table 6. Compared with CK, for the
whole growth period of rice in 2015, LCID and
HCID increased the TP leaching loss by 25.56% and
29.32% respectively, and increased NH4+-N loss by
30.07% and 40.03% respectively. However, in 2016,
only HCID increased the leaching loss of TP, NH4+N and NO3--N by 20.63%, 40.03% and 27.45%, respectively, during the whole growth period of rice.

694

© by PSP

Volume 30– No. 01/2021 pages 689-696

Fresenius Environmental Bulletin

[8] Hou, M., Chen, D., Shao, X., Zhai, Y. (2016)
Mulching and organic-inorganic fertilizer application reduce runoff losses of nitrogen from tobacco fields. Fresen. Environ. Bull. 25, 55425554.
[9] Vymazal, J., Brezinova, T. (2015) The use of
constructed wetlands for removal of pesticides
from agricultural runoff and drainage: A review.
Environment International. 75, 11-20.
[10] Luo, W., Zhu, J., Jia, Z., Zhou, M., Lin, S., Sun,
S. (2017) Effect of distribution characteristic
and field hydraulic connection of drainage
ditches and ponds on water quality purification.
Transactions of the Chinese Society of Agricultural Engineering. 33, 161-167.
[11] Peng, S., Ding, J. (2004) Comparison and understanding of water-saving irrigation technology at home and abroad. Advances in Science
and Technology of Water Resources. 24, 4952+60.
[12] Khepar, S.D., Yadav, A.K., Sondhi, S.K., Siag,
M. (2000) Water balance model for paddy fields
under intermittent irrigation practices. Irrigation
Science. 19, 199-208.
[13] Gu, C., Zhao, L. (2012) Briefly Progress of Water-saving Irrigation Technology on Home and
Abroad in Cold Rice. North Rice. 42, 70-72.
[14] Skaggs, R.W., Brve, M.A., Gilliam, J.W. (1995)
Predicting effects of water table management on
loss of nitrogen from poorly drained soils. European Journal of Agronomy. 4, 441-451.
[15] Ostroumov, S.A. (2005) On Some Issues of
Maintaining Water Quality and Self-Purification. Water Resources. 32, 305-313.
[16] Petrosjan, L., Zaccour, G. (2003) Time-consistent Shapley value allocation of pollution cost
reduction. Journal of Economic Dynamics and
Control. 27, 112-117.
[17] Hou, M., Chen, J., Lin, Z., Wang, J., Li, H.,
Chen, J., Weng, J., Lv, Y., Jin, Q., Zhong, F.
(2019) Coupling effect and mechanism of drip
irrigation and microbial organic fertilization on
soil respiration in greenhouse. Transactions of
the Chinese Society of Agricultural Engineering. 35, 104-112.
[18] Peng, S., Xu, J., Ding, J., Jiao, X. (2007) Theory
of water-saving irrigation and controlled drainage and the impact on farmland ecological environment. Journal of Hydraulic Engineering. 12,
504-510.
[19] Xie, S., Yu, S.E., Ding, J., Xiao, M., Chen, J.
(2012) Research on Layout Pattern for Controlling Drainage System and Related Technology
in Farmland. China Rural Water and Hydropower. 18, 32-35.
[20] Hou, M., Xu, R., Lin, Z., Xi, D., Zhong, F.
(2019) Vertical characteristics of anaerobic oxidation of ammonium (anammox) in a coastal saline-alkali field. Soil and Tillage Research. 198,
112-117.

CONCLUSION
The controlled irrigation and drainage technology could effectively reduce the frequency and
amount of drainage from rice fields, thereby reducing the irrigation quota. Particularly, LCID extended
the irrigation period, decreased irrigation frequency,
and improved the use efficiency of rainwater by over
20%. HCID had the most significant effects on reducing the nitrogen and phosphorus concentrations
in surface drainage. The average 2-year NH4+-N,
NO3–-N, and TP drainage loss were reduced by
38.88%, 62.97% and 59.23%, respectively. The
overall results concluded that the controlled irrigation and drainage was an effective way to save water,
reduce drainage and decrease nitrogen and phosphorus discharges compared to the single drainage.
Moreover, these effects were found more satisfactory under heavier rainfalls.
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ABSTRACT

INTRODUCTION

Coking is a main industrial emission source of
polycyclic aromatic hydrocarbons (PAHs) in China.
A comprehensive study was conducted of the
concentrations, spatial distribution, sources, and the
potential human health risks of 16 priority PAHs in
agricultural soil within 2000 m of a Coking Plant in
Shanxi, North China, which has been in production
for more than 20 years. Diagnostic ratios were
employed to identify the sources of PAHs. Toxic
equivalency factors of benzo[a]pyrene were used to
evaluate the health-risk of PAHs. Results showed
that the total concentrations of the 16 PAHs ranged
from 2297 to 9421 ng/g. The mean total
concentrations of 15 relatively stable PAHs
3$+V  LQ DJULFXOWXUal soil around the coking
plant were 6591, 4518 and 2208 ng/g at the
distances of 1000, 1000~1500 and 1500~2000 m,
UHVSHFWLYHO\ 3$+V GHFUHDVHG ZLWK WKH
increasing distance from the emission source. The
4-5-rings PAHs of fluoranthene, pyrene,
benz[a]anthracene and chrysene were the most
dominant components with an average percentage
contribution of 52.72%. The PAHs in soils were
mainly from pyrogenic sources, especially coal
combustion. The benzo[a]pyrene concentrations of
7 carcinogenic PAHs accounted for 83% of the total
15 PAHs. The 3$+V7c mainly contributed to the
potential carcinogenic risk for humans, which
declined with distances increasing in 2000 m.
Long-term exposure to coking plants potentially
induce human health risks.

Polycyclic aromatic hydrocarbons (PAHs) in
the environment usually are linked together by two
or more benzene rings [1,2]. PAHs pose potential
threats to human health and the ecological
environment due to the persist, toxic,
bioaccumulative and long-range transport potential
properties [3]. Some PAHs are listed as priority
pollutants by the US EPA [4]. PAHs in the
environment are mainly formed by incomplete
combustion of fuel or other hydrocarbon containing compounds or pyrolysis in a reducing
atmosphere [5]. China emitted 67 Gg of the 16
priority PAHs and become a major emitter globally
in 2007, while it grew to 81.2 and 125 Gg in 2012
and 2014, respectively. According to the formula of
the strength of the coking disorganized source in
the United States AP-42 air pollutant emission
factor [6], China's coking disorganized PAHs
emissions were estimated to be about 0.66 Gg in
2019. PAHs were widely found in different
environmental medias and even in food. Rich in
organic matter, and PAHs are lipophilic organic
matter, soil is a major tank of PAHs in the
environment [7]. Soil can effectively adsorb PAHs,
making them stay for a long time and difficult to
degrade. In China, coke production and related
industries produce a lot of PAHs, and numerous
PAHs are concentrated in the soil around these
industrial areas especially agricultural soils [8].
PAHs has become a main kind of pollutants in
arable soil in China with a point exceeding standard
rate of 1.4% according to the China's first soil
pollution survey in 2014 [9]. PAHs in soil can be
absorbed by plant roots and transferred to different
parts of the plant, resulting in toxicity to crops and
consequently risks to human health via the food
chain [1].
At present, the distribution of residual PAHs
in agricultural soil, urban soil and suburban soil has
been studied extensively [10-12]. The temporal and

KEYWORDS:
Polycyclic aromatic hydrocarbons (PAHs), Coking plant,
Agricultural soil, Source identification, Risk assessment
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spatial distribution of PAHs were also analysed in
the atmosphere, soil, and water [13-16]. However,
studies on the heavy contamination position of
coking industry are limited. Due to the potential
risks of PAHs to human health and the ecological
environment, it is urgent to investigate the
accumulation of PAHs in the in agricultural soil
around coking plant around the coking plant.
Coking plants in Shanxi Province emitted a large
part of PAHs in China. However, there is limited
information on the PAHs distribution in different
environments in the local area, especially in
agricultural soils, which have a closed affinity with
food safety and then human health.
Therefore, the concentration and spatial
distribution of PAHs in the agricultural soil around
the coking plant were investigated in this study,
aiming to (1) measure the concentration and
analyse the distribution of PAHs in farmland
around the coking plant; (2) identify the possible
sources of PAHs by diagnostic ratios (DR); (3)
evaluate the human health risk of PAHs by toxic
equivalency factors of benzo[a]pyrene (BaPeq).

by Gas chromatography – Mass Spectrometry
Method of China (HJ805-2016). Generally, 16
PAHs were detected, containing naphthalene (Nap),
acenaphthylene (Acy), acenaphthene (Ace),
fluorene (Flu), phenanthrene (Phe), anthracene
(Ant),
fluoranthene
(Fla),
pyrene
(Pyr),
benz[a]anthracene
(BaA),
chrysene
(Chr),
benzo[b]fluoran-thene (BbF), benzo[k]fluoranthene
(BkF),
benzo[a]pyrene
(BaP),
dibenz[a,h]
anthracene (DahA), benzo[ghi]perylene (BghiP),
Indeno[1,2,3-cd]pyrene (IcdP).
Quality control. The detection limit of the
analytical method was 0.00986-6.19 ng/g with the
recovery rates of 70.3%-91.4%. The relative
standard deviations were all below 20%. In the 20
parallel experiments of PAHs, the deviation of the
results of each congener was less than 30%. The
glass instruments used in experiments were cleaned
in solutions using ultrasonic and then dried at a
constant temperatXUHRIႏ
Data analysis. Previous researches proved
that low molecular weights (LMW) PAHs are toxic
while high-ring (5-6 rings) PAHs are carcinogenic.
The Benzo[a]pyrene toxic equivalent concentration
(BaPeq) was employed to evaluate the
environmental pollution risk of PAHs. BaPeq was
estimated using benzo[a]pyrene toxic equivalency
factors (TEFs):
(1)
7(4%D3 Ȉ &i×TEFi)
where, TEQBaP is the toxicity equivalent
concentration based on BaP (ng/g), Ci is the target
PAH concentration, and TEFi is the toxic
equivalency factors.

MATERIALS AND METHODS
Study area and soil sampling. The typical
coking plant is located in Shanxi, North China and
it has been in production for more than 20 years. At
the initial stage of the production process, the
coking plant was limited by the process conditions
and pollution control level, which led to serious
environmental problems in the area. According to
the field investigation, the wastewater of a coking
plant is treated for coke quenching, and the waste
residue is entrusted to be processed by a qualified
unit. PAHs enter the soil environment of farmland
under the action of atmospheric deposition and
affect the surrounding farmland. Surface soil
samples (0-20cm) were collected at three different
straight-line distances of 1000m, 1500m and 2000m
with coke oven as the central point in 2018. These
distances were selected in the downwind direction
of the perennial dominant wind direction (north
wind) of the coking plant. The sampled agricultural
fields were cultured with a wheat-maize rotation
mode under similar agricultural managements. Each
site was sampled using the checkerboard sampling
method with 3 replicates, which were taken
diagonally and mixed via the quartering method.
There were 9 samples in total. All collected
samples were stored in brown glass bottles and
sealed in a dark place under a temperature below
4°C.

RESULTS AND DISCUSSION
Concentrations of PAHs in agricultural soil.
The concentrations of the individual and total PAHs
were listed in Table 1. All of the 16 PAHs were
detected, implying their ubiquity as environmental
pollutants. However, Nap was not further analysed
in next steps due to the unstable state with a strong
volatility. Generally, the total concentrations of 15
PAHs were in the ranges of 5122-8058, 3997-4972
and 1973-2429 ng/g with averages of 6591, 4518
and 2208 ng/g at distances of 1000, 1500 and 2000
m, respectively. The fact implies that the total
concentrations of 15 PAHs significantly decline
with the increasing distances from the coking plant.
The inference is also supported by the fact that the
maximum concentration of 15 PAHs (8058 ng/g)
were observed at the distance of 1000 m, whereas
the minimum (1973 ng/g) was at the distance of
2000 m away from the coking plant under the
leading wind direction. Therefore, the diffusion of
PAHs may highly depend on air, which
consequently induces positive correlation with

Sample extraction and analysis. The
circulation, pretreatment, analysis and testing of the
soil samples refer to Soil and Sediment –
Determination of polycyclic aromatic hydrocarbon
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distance away from the coking plant and
concentration of PAHs.
According to Mal Iszewska's classification of
the pollution degree of European soil PAHs [17],
all of the pollution degrees of PAHs within 2000 m
near the coking plant showed a serious pollution
level. The fate and distribution of soil PAHs are
determined by many factors (such as pollution
sources, emission density and soil texture, etc.), the
concentration of soil PAHs varies greatly in
different literatures [18]. When comparing the
PAHs concentrations in the studied area with other
regions, it will be easier to understand the pollution
OHYHOV0.&KXQJ>@IRXQGWKDWWKH3$+V
concentration in agricultural area in Hong Kong
was 138 ng/g. Chen et al. [20] measured the content
of PAHs in 32 surface soil samples in agricultural
soil around main reservoirs in Jilin Province, and
WKH WRWDO FRQFHQWUDWLRQ RI  3$+V ZDV 1271.87 ng/g, with an average of 877.23 ng/g.
Wang et al. [21] collected contaminated agricultural
soil from the Shenyang North New Area of China,
reporting that the average concentrations of PAHs
ZHUHȝJNJ7KHVHIDFWVLQGLFDWHWKDW
the concentrations of PAHs in agricultural soil in
this study were higher than those in aforementioned
regions. This possibly is attributed to the
incomplete combustion of coal in the production
process of the coking plant.
The 15 PAHs were further divided into four
groups with different rings numbers in the PAHs
compound molecule, which affect the biological
and physical degradation of PAHs [22]. To
compare the distributions of PAHs with different
rings, their percentage contents in the total PAHs
were calculated and illustrated in Figure 1. The

PAHs with different rings followed a descending
sequence of 4-ring > 5-ring > 3-ring > 6-ring with
the average percentage contents of 32.7%, 30.3%,
24.1% and 12.9%, respectively. The 4- and 5-ring
PAHs were the dominant contributors to the total
PAHs, which contains relatively lower 6-ring
PAHs. The fact is consistent with previous
researches [23-24]. LMW-PAHs are always the
main emissions discharged during coking
production’s fugitive emissions, and they are easy
to volatile and convert in the atmosphere or
photochemical degradation [25]. The 3-ring PAHs
produced by fugitive emissions during the coking
process are deposited in the surface soil through airsoil exchange, becoming the main source of 3-ring
PAHs in agricultural soil. LMW-PAHs mainly exist
in the air, while high molecular weights (HWM)PAHs (4-6 rings) mainly condense and adhere to
the surface of particles [24]. HWM PAHs (4-6rings) only were degraded via cometabolism due to
the mutagenic and carcinogenic effects [10].
Therefore, the 3-ring PAHs diffused a farther
distance from the coking plant with the lower
concentrations in agricultural soil (Figure 2).
Inversely, the 6-ring PAHs contributed the lowest
to the total PAHs at all distances.
Distance distribution of PAHs in
agricultural soil. PAHs released into the
atmosphere through various channels will
eventually enter the surface soil through dry and
wet sedimentation, thus the concentration level of
PAHs in soil can reflect the pollution status in the
region [1]. The distribution of  3$+V
concentrations in agricultural soil at different

FIGURE 1
Percentage distribution of PAHs response to different rings in the molecule

699

© by PSP

Volume 30– No. 01/2021 pages 697-706

Fresenius Environmental Bulletin

TABLE 1
Concentrations of PAHs in agricultural soil at different distances (ng/g).
PAHs
Nap
Acy
Ace
Flu
Phe
Ant
Fla
Pyr
BaA
Chr
BbF
BkF
BaP
DahA
IcdP
BghiP
16 PAHs
15 PAHs

Rings
2
3
3
3
3
3
4
4
4
4
5
5
5
5
6
6

Distance
2000m
Max
612
29.6
66.8
124
348
26.5
268
206
114
189
421
120
183
33.1
111
189
3041
2429

Min
170
9.25
30
70.8
266
21.9
236
191
111
176
348
93.8
161
23.2
83.1
152
2143
1973

Mean
341
16.7
42.3
97.7
317
24.5
253
199
113
182
385
108
169
28.9
100
172
2549
2208

1500m
Max
1702
62.4
192
379
550
55.4
488
389
248
386
937
236
389
69.3
207
384
6674
4972

Min
754
33.1
74
121
440
34.4
447
362
226
353
814
203
344
54.1
161
330
4751
3997

Mean
1085
43.5
128
282
503
44.1
467
374
235
369
874
223
365
61.4
188
361
5603
4518

1000m
Max
2774
75.2
426
465
1368
89.1
904
689
416
584
1008
239
499
131
338
827
10832
8058

Min
530
37.5
111
239
793
85.6
456
430
286
452
899
149
372
98.9
222
491
5652
5122

Mean
1652
56.3
268
352
1081
87.4
680
560
351
518
953
194
436
115
280
659
8243
6591

FIGURE 2
Distribution of PAHs response to different rings in the molecule at different distances
distances from the coking plant were shown in
Figure 3. The maximum total concentration of 15
PAHs was at 1000 m from the coking plant. The
fact implies that the agricultural soil in the range of
below 1000 m from the coking plant was severely
polluted by PAHs, potentially inducing environmental hazards. The atmospheric contaminants in
the coking production process such as coke
decrease with the increase of distance in the range
of 0-2000 m. This study found the consistent fact
that the total concentration RI  3$+V GHFOLQHG
with the increasing distance in the range of 0-2000
m. The fact also follows the drift law of pollutants,
which is accordant with the calculation result of the
Atmospheric Dispersion-Gaussian Model [26].
PAHs emitted near the coking plant diffuse into the

soil from the lower atmosphere by precipitation or
diffusion through dry and wet conditions [27]. The
mean concentrations of the 15 PAHs varied with
the individual PAH species and they decreased with
the distances from the pollution source increasing.
In detail, the mean concentrations of Phe, BbF and
Fla decreased significantly more than those of AcY,
AnT and DahA with the distances from the coke
plant increasing. Phe and Fla respectively are 3and 4-ring PAHs, viz., LMW PAHs. The fact
implies that parts of the LMW-PAHs emitted from
the coking plant diffuse a longer distance and
migrate more freely than other PAHs. However,
also as LMW-PAHs, the mean concentrations of the
other 3-ring PAHs (such as Ace and Ant) changed
less with the distances increasing due to the lower
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values in the study area. The changes in the mean
concentrations of HMW-PAHs (i.g., DahA, IcdP
and BghiP) were relatively low with the distances
increasing compared with those of LMW-PAHs.
Besides their low base values, the fact is attributed
to their higher rings as HMW-PAHs. The HMWPAHs easily adhere to the soil particle surface,
resulting in a more stable condition than LMWPAHs. The distribution PAHs depend on their
physio-chemical
properties,
anthropological
activities and natural circumstances.
Changes in the percentage content of each
PAH in the total 15 PAHs were further analysed
with the distances increasing. As shown in Figure 4,
the percentage contents of all the PAHs except that
of BkF significantly decreased with the distance
increasing from 1000 to 1500 m. When the distance

increased from 1500 to 2000 m, the percentage
contents of all the PAHs decreased with larger
decrements than those of the nearer distance.
Interestingly, the PAHs showed different
combinations at various distances due to the various
transfer abilities. The percentage contents of 2-3ring PAHs at the distance from 1000-2000 m
decreased from 42.43% to 32.92% while those of
most 4- and 5-ring PAHs decreased to varying
degrees. It indicates that air emissions are the main
pollution route around the coking plant and the
LWM-PAHs pollutes the surface soil of the entire
site through diffusion [28-29]. PAHs varied with
different distances from pollution sources, which
are related to decomposition, chemical properties
and transport ability.

FIGURE 3
Distribution of 15 PAHs at different distances

FIGURE 4
Composition of PAHs at different distances
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Source identification of PAHs. PAHs mainly
originate from natural and anthropogenic sources.
The former mainly consists of biosynthesis of
plants and microorganisms, natural fires and
volcanic activity [30]. The later mainly forms
owing to insufficient combustion of fuel and other
hydrocarbon-containing compounds or pyrolysis in
a reducing atmosphere [31], which currently is
considered as the main cause of PAHs pollution
[32]. The research on the sources of PAHs is
achieved by diagnostic ratios (DR), hierarchical
cluster analysis (HCA), principal component
analysis (PCA), positive matrix factorization (PMF)
and multiple linear regression analysis (MLRA)
[33-34]. These methods have different focuses and
are suitable for different research purposes. Despite
there are some uncertainties, DR has been widely
used and performed well in the qualitative analysis
of the source of PAHs [35]. Therefore, DR was
employed to analyze the source of PAHs in this
study.

easy to explain the sources of soil PAHs in research
area. However, it is a remarkable fact that there are
large gaps in the concentration of different PAHs
between different samples within the same distance
in this research. This may be owing to local
climate, temperature, wind direction or human
disturbance. Thus, to ensure the accuracy of the
research, these factors should be monitored and
controlled in future research.
Health risk assessment. Toxicity assessment
is an important part of the human health risk
assessment, and there are two methods used for
toxicity assessment [34]. One is based on the
toxicological equivalence factor of PAHs relative to
benzo[a]pyrene (BaP) obtained through the toxicity
test, which uses parameters such as BaP
carcinogenic slope factor. The other method uses
the carcinogenic slope factor of each PAHs and
non-carcinogenic reference dose and other
parameters. It is well known that the toxicological
mechanism of PAHs is very complicated, making it
difficult to obtain. Therefore, convert the relatively
easy-to-obtain PAHs concentration into BaPeq,
which has been widely used worldwide as known
parameters such as the BaP carcinogenic slope
factor for the PAHs risk calculation [23]. To assess
WKH FDUFLQRJHQLF WR[LFLW\ RI D VLQJOH 3$+ DQG 
carcinogenic PAHs, toxicity equivalent factors
(TEF) were used to quantify and estimate the
benzo[a]pyrene toxicity equivalent factor (BaPeq)
concentrations in agricultural soils around coking
plants [40]. The TEF values and the results are
provided in Table 3.
Generally, LWM is considered toxic, while
HWM is considered carcinogenic, and the safety
value of BaPeq for PAHs in soil is 600 ng/g, which
is indicated by the Canadian Soil Quality
Guidelines(CCME 2010) [41]. The BaPeq values of
the samples at 1000 m are lower than the 600 ng/g
in guideline 7KH 3$+F %D3eq was 619 ng/g,
DFFRXQWLQJ IRU PRUH WKDQ  RI WKH 3$+F
showing that the 7 carcinogenic PAHs are the main
contributors to the carcinogenic efficacy in the
study area. The BaPeq FRQFHQWUDWLRQVRI3$+V
was 736 ng/g, much higher than those in
agricultural soil in Huanghuai Plain (12 ng/g) [42],
the industrial district in Jinan (262 ng/g)[43], the
northern side on the edge of the Tibetan Plateau
(3.3 ng/g)[44], Shenyang North New Area
(17.96±6.59 ng/g) [45]. It shows that the farmland
in the research area has a potential carcinogenic risk
and there is not suitable for long-term cultivation.
However, the potential carcinogenic risk caused by
PAHs declined with the distances increasing from
1000-3000 m. In the management strategy would be
paid great attention to the safety of agricultural
products, and some measures should be adopted to
optimize the production process of the coking plant
and soil pollution restoration.

TABLE 2
Diagnostic Rations of different PAHs
IRa
0.32
IcdP/(IcdP+BghiP)
0.40
BaA/(BaA+Chr)
0.55
Fla/(Fla+Pyr)
0.08
Ant/(Ant+Phe)
0.92
Phe/(Phe+Ant)
a
Isomeric Ratios
The average proportions of 3-, 4-, 5- and 6ring PAHs accounted for 19.75%, 27.46%, 25.26%
and 10.47% of the total PAH concentration, which
was consistent with the characteristics of typical
emission sources. According to the IR method,
IcdP/(IcdP+BghiP),
BaA/(BaA+Chr),
Fla/(Fla+Pyr), Ant/(Ant+Phe) and Phe/(Phe+Ant)
were selected in this study to analyse the PAHs
source of the research area and the results were
listed in Table 2. The ratios of IcdP/(IcdP+BghiP),
BaA/(BaA+Chr) and Fla/(Fla+Pyr) were 0.32, 0.40
and 0.55, which were in the ranges of 0.2-0.5, over
0.35 and over 0.5, respectively. The fact indicates
that PAHs pollution is caused by the burning
process of fuels such as oil and wood [34]. The
ratios of Ant/(Ant+Phe) and Phe/(Phe+Ant) were
0.08 and 0.92, which were < 0.1 and >0.7,
respectively. The fact implies that PAHs pollution
originates from petrogenic emissions and fossil fuel
burning [36-37]. In a summary, petrogenic
emissions and fossil fuel burning are the main
sources of PAHs pollution around the coking plant
in the studied area, which is consistent with the
pollution sources of most industrial areas [38-39].
The source of PAHs pollution near the coking plant
is related to its production process, and the results
indicat that long-term coking production has
seriously polluted the nearby soil. Therefore, it’s
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TABLE 3
BaPeq concentrations of 15 PAHs at 1000 m (ng/g).
TEFsa
0.001
0.001
0.001
0.001
0.01
0.001
0.001
0.1
0.01
0.1
0.1
1
0.1
1
0.01
/
/

PAHs
Acy
Ace
Flu
Phe
Ant
Fla
Pyr
BaA
Chr
BbF
BkF
BaP
DahA
IcdP
BghiP
3$+15c
3$+7c
aToxic

BaPeq
0.03
0.11
0.20
0.48
0.41
0.38
0.30
35.1
2.74
95.3
19.4
436
28.0
115
2.83
736
619

equivalency factors

FIGURE 5
BaPeq concentrations of 15 PAHs at different distances
CONCLUSION
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control methods individually can ensure a completely weed-free environment, nor free the soil of
the weed seeds and vegetative remains [3, 4]. Consequently, the idea of integrated weed control, based
on complementary technologies, is increasingly
prevalent in practice [5, 6, 7].
The most effective way for weed control is still
chemical weed control. However, herbicide application, while reducing the weed population for a period
of time, significantly increases the production price,
exacerbates environmental pollution and the onset of
herbicide resistance [8, 9, 10, 11]. Therefore, including bioherbicides in agricultural practice could result
in a restoration of biodiversity in intensively cultivated conventional agroecosystems, while simulteneously resulting in higher yields [12]. The first
idea of using bioherbicides in agricultural production
appeared in the 1960s and 1970s, [13, 14, 15] while
the first experiments in weed control (Rumex spp.)
were performed in USA in the 1960s [13] and in
Chile in the 1970s (Rubus spp.) [15]. Bioherbicides
are produced using the whole plant, its parts, metabolites or microorganisms and their toxins [16]. Some
bioherbicides can already be found on the market,
e.g. the Corn gluten meal (CGM) [17], acetic acid in
concentrations of 5-20% [18] and citrus oil (D-limonene) [19]. In general, bioherbicides have already
found their application in organic agriculture systems [20, 21], achieving the expected results after a
year or two, when a decrease in weed seedling density can be recorded, due to a reduction in the seed
bank potential [12].
Consequently, bearing in mind the significance
of finding an environmentally acceptable solution
for food production, the possibility of using plant extracts for weed control in wheat was tested. Invasive
weed species which cause significant problems in
agriculture and the environment (Sorghum
halepense (L.) Pers. and Ambrosia artemisiifolia L.)
were selected for testing weed control by applying
their aqueous plant solutions. This research could result in a valuable solution to the problem of weed
infestations in wheat, and the agricultural production

ABSTRACT
Efficient weed control is essential in agricultural production. However, bearing in mind the economic, environmental and health implications of
classical chemical weed control, the aim of this study
was to test the potential use of plant extract solutions
for weed control in wheat. Plant extracts of two
widespread and invasive weed species: Ambrosia artemisiifolia and Sorghum halepense were used to test
the efficacy of these bioherbicides on three weed
species common in wheat fields: Avena fatua, Bromus rigidus and Convolvulus arvensis. Parameters
generally used for testing the efficacy of commercial
herbicides: relative chlorophyll content, chlorophyll
fluorescence and pigment content, were used to evaluate the efficacy of plant extract solutions, in a series
of concentrations (1, 5, 10 and 20%). Results have
shown that plant extracts of both tested species have
negative effects on target weed species, with all
tested concentrations of these solutions affecting the
recorded parameters in B. rigidus and C. arvensis.
However, as negative effects of A. artemisiifolia extract solutions were also documented on the crop
plants, only plant extracts of S. halepense can be
considered as a safe and efficient alternative option
for weed control in wheat fields.

KEYWORDS:
Common ragweed, Johnson grass, Pant extracts, Plant pigments, Chlorophyll fluorescence, SPAD readings

INTRODUCTION
Wheat is the most important crop in food consumption worldwide and the second most widespread agricultural crop, behind maize [1]. Due to its
nutritional value and large cultivation areas, weed
control in wheat is a critical step in its production [2].
However, it is well-known that none of the weed
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overall, while simultaneously preserving the environment and reducing the harmful effects of chemicals on human health.

[22]. Chlorophyll extraction was performed from
plant leaf material (0.5 g) which was mechanically
grinded using liquid nitrogen in the dark. Methanol
(5 mL) was added to each sample, centrifuged at
1500 rpm for 10 min before measurement and analyzed on a spectrophotometer (UV 2100, Shimadzu).
The absorption of chlorophyll a was read at Ȝ = 653
nm, chlorophyll b at Ȝ = 666 nm and carotenoids at
Ȝ = 470 nm. The content of chlorophyll a, b, carotenoids as well as the total content of chlorophyll were
calculated according to the formulas given in Wellburn [23]. The following parameters were measured:
relative chlorophyll content (SPAD meter 502, Minolta), chlorophyll fluorescence (PAM 2100, Heinz
Walz, GmbH, Effeltrich, Germany) and pigment
content (chl a, b and carotenoids, spectrophotometer
UV 2100, Shimadzu). Measurement of the relative
content and fluorescence of chlorophyll was done
prior to the application (0 DAT) and 6 DAT on the
fourth leaf (in broadleaf weeds) and on the third leaf
(in grass weeds) in six replications. Statistical analysis of the data was done using the analysis of variance (ANOVA, Duncan test), performed in Statistica
8.

MATERIALS AND METHODS
Seeds of weed species Avena fatua L.
(AVEFA), Bromus rigidus Roth (BRORI) and Convolvulus arvensis L. (CONAR). were collected during July 2018 in Tarhouna (Libya). The seeds were
cleaned and stored in an underground storage facility. Crop susceptibility testing plants (wheat) were
grown from seeds of the Simonida variety (NS
SEME, Serbia). Weed and wheat seedlings were obtained from seeds and grown in a growth chamber
(Conviron, CMP 3032, S 10 H), under controlled
conditions (day/night 12/12 h, temperature 25/22oC)
and watered as needed. The seeds were sown in pots
(2 L volume), filled with a commercial growth substrate (Freepeat: NPK 1 kg/m3, pH 5.2-6.0, salt content 0.6-1.1 g/l), and later hand-pulled to reach a two
plants per pot density (a total of six plants per each
treatment). CONAR plants were treated at the 4-6-8
leaves growth stage, grass weed species when they
reached a 10-15 cm height and wheat at the growth
stage 12-13, according to the BBCH scale. Application of herbicides and aqueous extracts was done using a hand sprayer (volume 500 ml). Quantities for
herbicide application in the field were calculated for
application per 1 m2 (pyroxsulam 0.025 g/m2, bentazone 0.4 ml/m2). Aqueous extracts were made from
weed species A. artemisiifolia (AMBEL) and S.
halepense (SORHA). Plant material was crushed in
liquid nitrogen and 20 g of each species was
weighed. Following the addition of distilled water
(100 mL), the vessels were placed in an ultrasonic
bath (2 times for 30 min, 15 min apart). The solution
was then filtered through filter paper (Whatman) to
remove the plant material. Prior to application of the
extract, solutions of 1, 5, 10 and 20% dilution were
made (application rate calculated per 1m2). Ratio of
the maximum and variable fluorescence Fv/Fm and
the photosystem efficiency Ɏ36,, were measured.
Plants were kept in the dark (15 min) before measurement to ensure deactivation of the photosystem

RESULTS
This study was conducted with the idea of finding an adequate solution of organic origin (bioherbicides) for the control of weed growth and development in agroecosystems. Although these compounds
usually have a lower efficiency when compared to
synthetic herbicides, they can contribute to weed
control if applied with other control measures such
as thermal (application of hot water or flame), mechanical, mulch, cultivation of combined or competitive crops, etc. [24, 25]. Methods confirming the effectiveness of herbicides were used in order to determine the level of efficiency of solutions of different
concentrations (1, 5, 10 and 20%) of AMBEL (AA)
and SORAH (SH). The quickest (less precise, when
compared to the other two methods) way to test the
levels of efficacy of herbicides and plant extracts is
by using a non-destructive method, the SPAD reading of the relative chlorophyll content (Table 1).

TABLE 1
Statistical analysis of the relative chlorophyll content 6 DAT herbicide and plants extracts
herbicides
AMBEL (AA)
SORAH (SH)
CvsB
CvsP Cvs1% Cvs5% Cvs10% Cvs20% Cvs1% Cvs5% Cvs10% Cvs20%
0.036
0.04
0.000
AVEFA
ns
ns
ns
ns
ns
ns
ns
±6.99*
±7.09*
±6.74**
0.014
0.01
0.0001 0.000±
0.001
0.000
0.000
0.000
0.000
0.000
BRORI
±7.04*
±6.44* ±8.71** 9.53** ±9.75** ±9.34** ±9.24** ±10.22** ±9.96** ±10.41**
0.000
0.021
0.001
0.002
0.001
0.004
0.001
0.014
0.000
0.000
CONAR
±15.11** ±6.28* ±7.93** ±4.98** ±7.87** ±6.95** ±5.77** ±6.61* ±6.37** ±7.39**
0.000
Wheat
ns
ns
ns
ns
ns
ns
ns
ns
ns
±8.39**
p<0.05*, p<0.01**, ns-not statistically significant, B-bentazone, P-pyroksulam, C-control (0DAT)
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Application of the tested herbicides had a statistically significant effect on the relative chlorophyll
content in all the tested plants (except wheat), when
compared to the initial values (Table 1). Contrary to
this, the applied AA and SH solutions did not affect
any significant changes in the relative chlorophyll
content in AVEFA plants (except for the 20% SH
solution, Table 1) and wheat (except for the 20% AA
solution, Table 1). However, all of the tested solutions of AA and SH have yielded statistically significant differences in the relative chlorophyll content
6 DAT in BRORI and CONAR, when compared
with their initial values (0 DAT) (Table 1). The weak
effect of aqueous solutions of plant extracts on
AVEFA could be related to epicuticular waxes on its
leaves, [26] as McWhorter [27] considers that their
presence on the leaf surface could affect the adsorption. A similar opinion is shared by Sanyal et al., [28]
who claim that older plants contain more waxes. The
results of our research indicate that all of the tested
solutions of AA and SH can be used for the control
of BRORI and CONAR in wheat (with the exception
of a 20% AA solution, due to its effect on wheat, Table 1). The success and efficiency of plant extracts
are still being tested because there are doubts about
the product life, its stability during storage, the
length of its effect on the target weeds and development of the market for their application [29, 30, 31,
32], as well as the possibility for developing a resistance/tolerance by weeds. Photosynthesis is a critical process in plants and any exposure to stress leads
to changes in this process. Photosynthetic activity is

based on the amount and activity of pigments (chlorophyll a, b, carotenoids). Consequently, monitoring
of changes in their content and fluorescence may explain the response of plants to stress [33, 34, 35, 36].
Although numerous factors affect their content in
plants, both biotic (leaf age and position, processes
of chlorophyll synthesis and degradation [37, 38]
and abiotic (temperature, herbicides, light, [37, 39])
this method is highly reliable.
Changes in the pigment content following the
application of different solutions of AA (1, 5, 10 and
20%) are given in Table 2. Analysis of the obtained
results has shown that the highest examined concentration (20%) of AA solution had a statistically significant effect on all measured parameters in all the
studied weed species and wheat (except for chl b in
AVEFA and BRORI and the caro content in AVEFA
and CONAR, Table 2). Results have shown that the
content of all pigments was lower, when compared
to untreated plants in wheat (0 DAT, except for the
content of chl a, data not shown), which confirms the
sensitivity of wheat to a 20% solution of AA and
therefore excludes its use in weed control. On the
other hand, the lowest tested concentration (1%)
only affected the parameters in BRORI (except for
chl b content, Table 2). In general, it can be said that
all of the tested concentrations affected all of the parameters BRORI (except on the content of chl b (except 10% AA solution)), while 1, 5 and 10% solutions had no effect on the pigment content of
AVEFA (except 10% AA solution on the content of
chl b, Table 2).

P

B

20 %AA 10 %AA 5 %AA 1 %AA

TABLE 2
Statistical analysis of the pigment content, fluorescence and photosystem efficiency in weeds and wheat 6
DAT by herbicide and aqueous plant extracts of AMBEL
Chl a
Chl b
T Chl
Caro
Fv/Fm
ĭ36,,
0.000±0.03**
AVEFA
ns
ns
ns
ns
ns
0.000±2.6**
0.003±9.35**
0.005±0.19**
BRORI
ns
ns
ns
0.000±0.15**
0.000±0.12**
CONAR
ns
ns
ns
ns
0.013±0.02*
0.000±0.03**
AVEFA
ns
ns
ns
ns
0.000±2.6**
0.000±9.35**
0.000±0.19**
0.013±0.03*
BRORI
ns
ns
0.033±3.54*
0.000±1.83**
0.000±0.36**
CONAR
ns
ns
ns
0.024±0.44*
0.000±0.03**
AVEFA
ns
ns
ns
ns
0.000±2.6**
0.02±3.62*
0.002±9.35**
0.000±0.19**
BRORI
ns
ns
0.000±0.36**
0.016±0.12*
CONAR
ns
ns
ns
ns
0.025±2.27*
0.037±2.35*
0.000±0.02**
0.000±0.03**
AVEFA
ns
ns
0.000±2.6**
0.000±9.35**
0.000±0.19**
0.000±0.02**
BRORI
ns
ns
0.002±3.54**
0.011±1.83*
0.001±4.05**
0.047±0.12*
CONAR
ns
ns
0.000±2.98**
0.000±1.54**
0.034±3.8*
0.000±0.43**
0.000±0.07**
0.000±0.06**
Wheat
0.000±0.95**
0.000±0.01**
0.000±0.02**
AVEFA
ns
ns
ns
0.000±3.45**
0.000±5.09**
0.006±0.02**
0.023±0.02*
BRORI
ns
ns
0.000±2.52**
0.000±3.08**
0.000±0.27**
0.000±0.33**
0.000±0.28**
CONAR
ns
0.000±0.04**
0.000±0.06**
AVEFA
ns
ns
ns
ns
0.000±0.51**
0.000±3.45**
0.000±5.09**
0.000±0.11**
0.000±0.11**
BRORI
ns
0.039±1.5*
0.025±2.52*
0.000±0.27**
0.001±0.26**
0.001±0.22**
CONAR
ns

p<0.05*, p<0.01**, ns-not statistically significant, AA-A. artemisiifolia, Chl a-chlorophyll a, chl b-chlorophyll b, caro-carotenoids, T chl-total chlorophyll, Fv/Fm- chlorophyll fluorescence, Ɏ36,,-photosystem efficiency, P-pyroksulam, B-bentazone.
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20 %SH

10%SH

5 %SH

1 %SH

TABLE 3
Statistical analysis of the pigment content, fluorescence and photosystem efficiency in weeds and wheat 6
DAT by aqueous plant extracts of SORHA
Chl a
Chl b
T Chl
Caro
Fv/Fm
ĭ36,,
0.04±3.26*
0.044±4.51*
0.000±0.03**
ns
ns
ns
AVEFA
BRORI
CONAR
AVEFA
BRORI
CONAR
AVEFA
BRORI
CONAR
AVEFA
BRORI
CONAR
Wheat

0.000±2.51**

0.000±2.89**

0.000±4.23**

0.000±0.35**

0.044±0.03*

ns
ns

0.000±1.44**

0.000±2.00**

0.000±0.24**

ns

ns
ns
ns

0.044±0.12*

0.000±3.26**

0.003±4.51**

0.000±0.95**

0.000±2.51**

0.000±2.89**

0.000±4.23**

ns

ns
ns

0.000±1.44**

0.000±2.00**

0.000±0.24**

0.013±3.26*

0.018±4.51*

ns

0.000±2.51**

0.001±2.89**

0.000±4.23**

0.000±0.35**

ns

ns

0.035±1.24*

ns

ns

0.003±0.24**

0.016±0.17*

0.021±0.12*

ns
ns

0.003±0.03**
0.03±0.04*
0.047±0.12*
0.000±0.03**

ns

0.000±3.26**

0.016±4.51*

ns

0.000±0.02**

0.000±0.03**

0.000±2.51**

0.000±2.89**

0.000±4.23**

0.000±0.35**

0.000±0.03**

0.011±0.04*

ns

0.000±1.44**

0.031±2.00*

0.037±0.24*

0.044±0.17*

0.042±0.12*

0.000±1.77**

0.000±0.58**

0.000±1.66**

0.038±0.66*

ns

ns

p<0.05*, p<0.01**, ns-not statistically significant, SH-S. halepense, Chl a-chlorophyll a, chl b-chlorophyll b, caro-carotenoids, T chl-total chlorophyll, Fv/Fm- chlorophyll fluorescence, Ɏ36,,-photosystem efficiency.

Table 3 shows chages in the pigment content
following the application of different concentration
of the SH solution (1, 5, 10 and 20%). Analysis of
the results has shown that all of the tested concentrations had a statistically significant effect on the content of chl b and total chlorophyll content 6 DAT,
when compared with the initial values 0 DAT (with
the exception of 10% SH solution in CONAR, Table
3). In general, all of the tested concentrations showed
the weakest effect on the content of chl a (Table 3).
If the effects on the tested species are observed, it
can be concluded that all of the tested concentratoins
have affected the changes in the pigment contents in
BRORI. This suggests that SH solutions can be used
in practice, as the tests conducted on wheat have
shown that SH aqueous solutions are safe for use in
wheat crops (Tables 2 and 3). Pigment content
change analysis in wheat plants has shown that all of
the analysed values increased (except caro), when
compred with the values recorded prior to SH application (0 DAT). Contrary to this, the fact that all of
the parameteres measured following the application
of AA (all values lower than the initial values), leading to the conclusion that SH solutions can be used
in practice in wheat crops. Changes in chlorophyll
fluorescence (Fv/Fm) were statistically highly significant in all tested plants (weeds and wheat) after
the application of the highest concentrations of both
plant extract solutions (20%, except after 20% SH on
wheat plants, Tables 2 and 3). The effects of the
highest concentrations of both plant extract solutions
on weeds can be theoretically linked to the mechanism of action of the tested herbicides, based on the
Fv/Fm parameter (especially SH solution which had
no negative effect on wheat plants). Lower concentrations of both solutions (AA, SH) did not have a

statistically significant effect on the changes in
Fv/Fm, when compared to the initial values (0 DAT)
(except with 1% AA in CONAR and 5% AA in
AVEFA; 1% SH in BRORI and 10% SH in CONAR,
Tables 2 and 3).
Parameter ĭ36,, is a direct indication of the
photosynthesis I yield, which is why it is seen as an
important indicator of the plant’s metabolic activity
(Figures 1, 2 and 3). AA solutions of 1, 10 and 20%
showed no effects only on BRORI, and 5% on
CONAR (Table 2; Figures 1a and 3a). Also, 1, 10
and 20% SH solutions had no effects on BRORI (Table 3; Figure 1b), unlike statistically significant
changes recorded following the application of a 20%
solution.
Use of chlorophyll fluorescence as an indicator
of weed stress after herbicide application was confirmed by 3DYORYLü [40]. In C. album, A. theophrasti
and A. retroflexus plants, a low level of fluorescence
(Fv/Fm<0.2) was documented following the application of atrazine (5 DAT). A comparison with the obtained results has also shown that lower values, when
compared to untreated plants, suggest that damage
occurred during the process of photosynthesis
(caused by stress). In the experiments performed, the
most pronounced changes were seen after the application of bentazone in CONAR plants which suffered a 100% damage. The values of Fv/Fm and
ĭ36,, parameters were not measurable in this case
(Figure 4), which was further confirmed by the Duncan test (Table 2). These results confirm the reliability of this method, and thereby also of the values obtained when testing the effects of different concentrations of plant extracts on the tested parameters.
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FIGURE 3
ĭ36,, values in CONAR plants treated by aqueous solutions of (a) AMBEL (AA) (b)
SORAH (SH) plant extracts

FIGURE 1
ĭ36,, values in BRORI plants treated by aqueous solutions of (a) AMBEL (AA) (b) SORAH
(SH) plant extracts

Quenching, i.e. the transformation of the absorbed energy, is also an important parameter for the
analysis of the changes occurring during photosynthesis (qP photochemical, qN non-photochemical).
The values recorded in the tested weed species prior
to treatment (0 DAT) were: AVEFA qP 0.941 and
qN 0.019; BRORI qP 0.914 and qN 0.010 and
CONAR qP 0.754 and qN 0.0053 (data not shown).
In the undamaged state, the qP values are high (max
= 1), unlike the high values of qN in the damaged
systems [41]. Measurements have shown that the
treated plants have survived the stress conditions and
that these values, in addition to the variations in
ĭ36,, have also oscillated between 0 DAT and 6
DAT. These changes were especially evident in
CONAR, following herbicide application (Table 4).
The average of photochemical quenching (qP) decreased on the third day following the application,
when compared to the initial values (0 DAT
qP=0.835; 3 DAT qP=0.577, Table 4), while the
non-chemical increased (qN) (0 DAT qN=0.012; 3
DAT qN=0.188, Table 4). This trend indicates that
the process of photosynthesis is highly damaged,
ending in a complete cessation of biochemical processes 6 DAT (Fv/Fm=0, ĭ36,,  and quenching
qP=0, qN=0 in CONAR plants, Figure 4, Table 4).
Changes in qP and qN after the application of a.i. pyroxsulam (regardless of the variation) were not extreme and do not lead to the same state as after the
application of a.i. bentazone, even though the
changes in Fv/Fm and ĭ36,, have shown that photosynthesis process is damaged to a degree (6 DAT:
Fv/Fm =0.341; ĭ36,,  Figure 4, Table 4).
The somewhat weaker effect of pyroxsulam on the
process of photosynthesis can be related to the fact

FIGURE 2
ĭ36,, values in AVEFA plants treated by aqueous solutions of (a) AMBEL (AA) (b)SORAH
(SH) plant extracts

711

© by PSP

Volume 30– No. 01/2021 pages 707-715

Fresenius Environmental Bulletin

that the target site of action of pyroxsulam is primarily acetolactate synthetase and not protein D [42].
Analysis of the qP and qN values shown in Table 4
indicated that the solutions of AA and SH affect the
photosynthesis process and that their action is similar to that of pyroxsulam on the tested parameters.
In general, measuring these parameters 6 DAT
has shown that an increase in qN is weaker, when
compared with the initial values, which points to the
fact that the absorbed energy is getting dissipated
somewhere, i.e. that the plant extract solution affects
the process of photosynthesis in weed species (6
DAT 20% AA: AVEFA qN 0.010; BRORI qN
0.016; CONAR qN 0.008; 6 DAT 20% SH: AVEFA
qN 0.019; BRORI qN 0.019; CONAR qN 0.007;
data not shown). It is interesting to highlight that the
visual changes in the treated plants were only visible
in BRORI, CONAR and wheat plants after applying
the 20% solution of AA. Moreover, a comparison of

the effects caused by the highest tested concentrations (20%) on all of the tested parameters in the crop
plants, has confirmed the safety of using the solutions of SH plant extracts in wheat fields (Table 5).
Table 5 shows the average values of the parameters
measured before the treatment (0 DAT) and 6 DAT.
Statistical analysis of these values has demonstrated
that the 20% concentration of the AA plant extract
solution reduces the content of the chlorophylls a
and b and the total chlorophyll content (with the exception of carotenoids, where these differences were
not statistically significant). Furthermore, these differences were also highly statistically significant
(p<0.01), when compared to the values obtained after the application of the SH plant extract solution on
wheat. Changes in the values of the Fv/Fm and
ĭ36,, parameters, due to the effects of AA were also
more pronounced, when compared with the effects
caused by the SH solution (Table 5).

TABLE 4
Quenching average values 6 DAT in CONAR following the application of herbicides and different solutions of AMBEL (AA) and SORHA (SH)
0 DAT
3 DAT
6 DAT
qP
qN
qP
qN
qP
qN
herbicides
bentazone
0.577
0.188
0
0
0.835
0.012
pyroxsulam
0.951
0.124
0.867
0.028
AA
1%
0.806
0.005
0.789
0.017
5%
0.732
0.003
0.719
0.002
0.835
0.012
10 %
0.736
0.003
0.678
0.007
20 %
0.755
0.014
0.781
0.008
SH
1%
0.808
0.006
0.789
0.01
5%
0.770
0.003
0.696
0.006
0.835
0.012
10 %
0.797
0.005
0.839
0.005
20 %
0.721
0.006
0.781
0.007
DAT-day after treatment, qP-photochemical quenching, qN-non-photochemical quenching

TABLE 5
Average values and statistical significance of the differences in Fv/Fm and ĭ36,, values in wheat plants 6
DAT treated with 20% solutions of AMBEL (AA) and SORHA (SH)
AA vs SH
Chl a
Chl b
T Chl
Caro
SPAD
Fv/Fm
ĭ36,,
0 DAT
0.93
2.81
3.74
1.58
35.59
0.784
0.712
AA 20% 6 DAT
3.03
0
3.03
0.89
17.67
0.641
0.588
SH 20% 6 DAT
3.31
3.55
6.85
0.48
31.97
0.739
0.694
0.000**
0.000**
0.33ns
0.000**
0.001**
0.000**
p (AA vs SH)
0.034*
mean
2.42
2.12
4.54
0.98
28.41
0.721
0.664
SD
1.12
1.62
1.76
0.63
8.26
0.073
0.069
p<0.01**, ns-not statistically significant, SD-standard deviation, DAT-day after treatment, Chl a - chlorophyll a, chl b - chlorophyll b, caro - carotenoids, T chl – total chlorophyll, SPAD reading - relative chlorophyl content, Fv/Fm – chlorophyll fluorescence, Ɏ36,,- photosystem efficiency.
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[6] Lindquist, J.L., Dielman, J.A., Mortensen, D.A.,
Johnson, G.A., Pester, D.Y. (1998) Economic
Importance of Managing Spatially Heterogeneous Weed Populations. Weed Tech. 12, 7-13.
[7] Yenish, J.R., Young, F.L. (2004) Winter Wheat
Competition against Jointed Goatgrass (Aegilops Cylindrica) as Influenced by Wheat Plant
Height, Seeding Rate, and Seed Size. Weed Sci.
52, 996–1001.
[8] Heap, I. (2014) Global Perspective of HerbiFLGHဨ5HVLVWDQW Weeds. Pest. Manag. Sci. 70(9),
1206-1315.
[9] Gaba, S., Gabriel, E., Chadœuf, J., Bonneo, F.,
Bretagnolle, V. (2016) Herbicides Do Not Ensure for Higher Wheat Yield, but Eliminate Rare
Plant Species. Sci. Rep. 6, 30112.
[10] Van Bruggen, A.H.C., He, M.M., Shin, K., Mai,
V., Jeong, K.C., Finckh, M.R., Morris, J.G.
(2018) Environmental and Health Effects of the
Herbicide Glyphosate. Sci. Total Environ. 616617, 255–268.
[11] Heap, I. (2020) The International Survey of
Herbicide Resistant Weeds. http://www.
weedscience. org/ Pages/Herbicide.aspx (accessed on February 5, 2020).
[12] Kremer, R.J. (2005) The role of Bioherbicides
in Weed Management. Biopestic. Int. 1, 127141.
[13] Daniel, J.T., Templeton, G.E., Smith, R.J.Jr.,
Fox, T.W. (1973) Biological Control of Northern Jointvetch in Rice with an Endemic Fungal
Disease. Weed Sci. 21, 303-307.
[14] Oehrens, E. (1977) Biological Control of Blackberry through the Introduction of the Rust,
Phragmidium violaceum, in Chile. FAO Plant
Protect B. 25, 26-28.
[15] McDade, M.C., Christians, N.E. (2009) Corn
Gluten Meal-A Natural Preemergence Herbicide: Effect on Vegetable Seedling Survival and
Weed Cover. Am. J. Alternative Agr. 15(4),
189.
[16] Cai X., Gu M. (2016) Bioherbicides in Organic
Horticulture. Horticulturae. 2(2), 3.
[17] Comis, D. (2002) Spray Weeds with Vinegar?
USDA
Agricultural
Research
Service.
https://www.ars.usda.gov/newsevents/news/research-news/2002/spray-weedswith-vinegar?
[18] Banuelos, G.S., Hanson, B.D. (2010) Use of Selenium-Enriched Mustard and Canola Seed
Meals as Potential Bioherbicides and Green Fertilizer in Strawberry Production. Hort. Science.
45, 1567–1572.
[19] El-Rokiek, K.G., El-Din, S.S., El-Sawi, S.A.,
Ibrahim, M.E. (2019) Controlling Anagallis
arvensis and Malva parviflora Associated
Wheat Using Some Essential Oils. I-Using Citrus sinensis Peel Oil. J. Mater. Environ. Sci. 10
(9), 891-897

CONCLUSION
In general, many studies have described the effects of allelopathy [43, 44, 45]. However, as majority of their conclusions has been reached in controlled (laboratory) conditions, this poses limitations
(abiotic and biotic factors) for their application in the
field [46, 47]. Assessing the chlorophyll content by
fluorescence and documenting the changes in its
content (SPAD-meter and methanol extraction) has
shown that by applying different concentrations of
plant extracts of AA and SH, other weed species can
be controlled. The greatest effect was evident in B.
rigidus and C. arvensis plants. The highest concentrations (20%) of these two solutions have impacted
the Fv/Fm and ĭ36,, parameters significantly, in all
the tested weed species. However, testing the
changes in chlorophyll parameters has shown that
only the SH extract solution is safe for application.
The most important issues pertaining to future studies and wider practical application are increasing
their efficacy in comparison with commercial herbicides and achieving longer effect duration, while
considering their quick degradation in the field conditions.
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itself is based on the networking of various IoT objects such as sensors, actuators, and RFID identifiers
that generate and send huge amounts of data further
to the chosen platform where they are later analyzed.
These data are called Big Data and are characterized
by 5V – Volume (the size of data), Variety (data
structure diversity), Velocity (the speed at which
they are analyzed), Veracity (data quality and truthfulness), and finally Value (the value that these data
have after being analyzed) [3]. They can not be analyzed by common database techniques and therefore
new techniques and tools called Big Data Analytics
are needed. Big Data Analytics is the process of obtaining useful information from large amounts of differently structured raw data collected from various
sources. There are various techniques and tools used
for analysis and one of the most famous is Apache
Hadoop [4]. Data mining as part of Data Analytics is
one of the techniques used to analyze data. This technology uses different machine learning algorithms,
analyzes the collected data from any source, and
finds patterns and trends in them [5]. There are various data mining techniques such as classification,
clustering, and regression as well as various kinds of
data mining such as text mining, social network mining, etc. [6].
The Smart City concept has found applications
in various fields. The collection and processing of
large amounts of data have become an indispensable
part of the day-to-day functioning of society. The
goal of these processes, among other things, is to reduce the uncertainty and unpredictability of future
events in order to adequately prepare and respond to
adverse situations. Catastrophic events are unpredictable or difficult to predict. They can cause great
damage to people, urban and rural infrastructure, as
well as the environment. Droughts are one of the
least predictable catastrophic events, [7] considering
that they are classified as slow-onset disasters. This
characteristic indicates the need for constant monitoring and analysis of the parameters which determine the drought.
There is no universal definition of drought but
in its simplest form, a drought event represents a deficit of water relative to normal conditions [8].
It can develop into a natural disaster depending on
its severity, duration, and frequency [9]. Drought is
usually classified as a meteorological, agricultural,

ABSTRACT
In the last few decades, urbanization and rapid
population growth have led to various social, economic, technical, and organizational problems in big
cities. The Smart City concept, which has emerged
as a solution, aims to integrate various technologies
such as IoT (Internet of Things) and Big Data Analytics to enable the user to obtain useful real-time information. One of the most important products of
Data Analytics is Data mining which represents a
process of analyzing data and finding hidden patterns of behavior in data using automatic or semi-automatic methods. Data mining has also found its application in the concept of Smart Cities where it is
used for analyzing Big Data. Data preparation and
visualization is one of the essential tasks of Data
mining. This paper aims to present a methodology on
how to successfully process and visualize collected
IoT Big Data in a selected programming language
and environment called R for water shortage observation purpose. This research represents a base for
further work which will be focused on the selection
of certain machine learning algorithms for further
data analysis. Obtained results could be used for various purposes of improving the quality of life in
smart cities such as urban drought forecasting.

KEYWORDS:
IoT, Big Data Analytics, Smart City, R, Data Visualization, Drought Monitoring

INTRODUCTION
With modern world development, the term
Smart has become widespread. Desire to make certain things such as houses, hospitals, universities,
and even entire cities „smarter“, is still rapidly growing. „The smartness“ of a city describes how much
the city is capable to use all its resources and to adapt
to new technologies to effectively achieve its goals
[1].
The Smart City model can not be imagined
without the use of technologies such as the Internet
of Things or IoT (Internet of Things). The term was
first used by Kevin Ashton in 1998 [2]. The concept
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hydrological and socioeconomic drought. Meteorological drought is characterized by a lack of water in
the system caused by insufficient precipitation and
increased evapotranspiration over a long period. Prolonged meteorological drought can cause hydrological drought or lack of water in surface and groundwater aquifers, as well as agricultural drought due to
lack of soil moisture. Socioeconomic drought occurs
due to imbalances in the needs and water supply of
the population, ie. when the impact of water scarcity
is reflected on the human population and the environment.
In recent years, we have witnessed how drought
can endanger the population of urban and rural communities and disrupt the economic and social stability of society. An assessment review of post-disaster
needs showed that worldwide 83% of agricultural
losses and damage between 2006 and 2016 could be
attributed to droughts, of which economic losses
alone amounted to over US$ 29 billion [10]. According to the CRED (Center for Research on the Epidemiology of Disasters) in 2019, 85 lives were lost
worldwide due to droughts, while the economic
damage was estimated at US$ 135 billion [11]. In
Europe, in the last three decades, drought has affected a total of 7,288,769 people and caused an economic loss of more than US$ 22 billion [11].
To reduce the uncertainty of a hazard realization and damage if drought occurs, it is necessary to
have adequate information indicating the lack of water in potentially exposed populated and agricultural
areas. Generating this type of information requires
constant monitoring of parameters that indicate a
water shortage in the system. The basic parameters
necessary to be monitored and analyzed are temperature, precipitation, and soil moisture. Monitoring of
these parameters requires acquisition of data on a
daily basis, which generate a huge amount of raw
data needed to be processed, displayed, and organized into a comprehensive decision support system
for drought detection. Therefore, the concept of Big
Data Analytics is a suitable tool for adequate and
timely monitoring of the drought phenomenon in
populated areas. Smart City model provides an algorithm and infrastructure for prevention and preparation for the possible consequences of a catastrophic
event.
The simplest way to bring the information obtained from data analysis closer to people and have
practical value is to present it through visualization
techniques that can be used to illustrate correlations
and connections between data. One of the essential
features of visualization is that it must be interactive,
well designed, easy to use, understandable, meaningful, and accessible.
Graphic representations in the form of various
graphs and tables are usually used for illustration.
However, the complexity of Big Data requires contemporary methods and new visualization tools such

as interactive graphic illustrations in the form of various matrices, scatterplots, and others [12,13].
Therefore, it is very important to choose an adequate
way of visualizing the obtained results so that end
users can interpret them as easily as possible and
make adequate decisions based on it.
To visualize real raw data collected from the
meteorological station in Kaü SURJUDPPLQJ ODQ
JXDJH5ZDVXVHG$VHQVRUVWDWLRQLQ.DüLVVHWXS
to detect potential water shortages in the selected location. R programming language was chosen because it offers various libraries for data analysis and
graphical display of obtained results. This paper will
also present the appropriate methodology, which includes the preparation and processing of raw data in
the RStudio environment and a graphical presentation of the results with the aim to determine the trend
of water presence in the system at the selected location. After visualization, data could be used for further analysis or serve experts for predicting meteorological drought.

RELATED WORKS
To have insight into the different methodologies of Big Data processing and visualization, selected related researches were analyzed. Described
methodologies and tools within these research papers served as a theoretical base and a pool of ideas
for the data visualization methodology development
for drought monitoring.
Research conducted by Berntzen et al. [14] provides an analytical basis for smart decision-making
in the context of smart cities. The paper is based on
a review of literature, scientific papers, smart cities
related news as well as on empirical data obtained
from research on air quality monitoring. The authors
came across a very small number of research papers
on this topic so they had to find additional data
sources such as analysis of industrial documents and
reports as well as various industries and technology.
The analysis of scientific papers identified eight areas of data analysis application in smart cities, such
as public transport, parking, vehicle speed monitoring, traffic, environmental monitoring, energy
source management, waste management, and crime
prevention. The research included three layers of
smart cities, namely the instrumentation layer that
includes different Big Data sources, the connectivity
layer that includes the application context, users, and
processes, the intelligent layer that includes the use
of different analysis and visualization methods. The
authors concluded that the data collected by various
sensors were very important for seven of the eight
selected areas of application. In the future, the authors will focus on presenting models of possible
combinations of data sources, application areas, and
analytical techniques, and this model could be used
for some further research on the topic of smart cities.
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A study conducted by Alghobiri et. al [15] analyzes different algorithms on various data sets. Authors use three algorithms, namely C4.5, which is
based on the decision tree algorithm, then NaiveBayes, which is a very popular and frequently
used probability algorithm, and finally the SVM
(Support Vector Machine) algorithm, which is based
on the kernel. Eight data sets with different numbers
of instances, attributes, and classes were used. The
comparative evaluation was performed by using the
three most commonly used evaluation criteria,
namely accuracy, precision, and the F-scale. The
conclusion is that the performance of the SVM algorithm exceeds the performance of other algorithms.
A study conducted by Obringer et. al [7] deals
with the integration of atmospheric data for urban
drought monitoring. The authors focused on determining the drought conditions and implementing the
necessary measures which are a critical part of
drought assessment. To determine the conditions under which drought occurs, one of the key variables is
the determination of evapotranspiration (ET) based
on the water balance in the observed urban environment. However, evapotranspiration (ET) data and
models have a high degree of unreliability compared
to other hydrological variables such as precipitation,
so the authors proposed a method that uses a combination of the STIC method (Surface Temperature Initiated Closure) and the inverted version of the Penman-Monteith equation. Based on the obtained results, they concluded that the STIC method for calculating evapotranspiration in urban areas is a sustainable alternative to traditional calculations and
that there is a correlation between the conditions for
urban drought and the resistance values of urban areas. Their goal was to create a method that can be
implemented within smart cities. By using this
method, an adequate assessment could be made in
order to determine how the observed urban environment is susceptible to drought. In this way, city officials would be timely warned about the risk of urban
drought and thus could more effectively plan and
take prevention measures.
Authors Gupta et. al [16] analyzed criminal activity data in the city of Denver in the United States
from 2011 to 2015 and compared the performance of
classification algorithms such as BayesNet, NaiveBayes, OneR, J48, Decision Tree, and JRip. This
research aimed to find hidden patterns and trends in
data related to criminal activities in the mentioned
city to predict the crime rate and take certain
measures for preventing criminal activities in the future. Data were collected from statistical official
state websites in the period from 2011 to 2015. The
used data set contained 15 attributes and 372,392 instances. Software called WEKA, version 3.7 was
used for the analysis. The obtained results were

based on various test methods such as K-fold crossvalidation and percentage split method. The analysis
showed that the JRip and Decision Table algorithms
had the highest number of correctly classified accidents with a percentage of 73.71% and 73.66% while
the OneR algorithm has the lowest number of correctly classified accidents with a percentage of
64.95%. However, although JRip is the most accurate classifier, it took the most time to build the
model, 21.2 seconds, while the NaiveBayes algorithm built the model with a minimum time of 0.57
seconds.
In the paper provided by Aher et al. [17] five
classification algorithms, namely ADTree, Simple
Cart, J48, ZeroR, and Naive Bayes were compared
to find the best algorithm for the Course Recommendation System. This system gives the student a recommendation on which course to choose. It is based
on data about already selected courses that were previously offered to students through the Moodle package. The comparison was performed using the opensource data mining tool WEKA and the analysis
showed that the ADTree algorithm has better performance for the course recommendation system than
other algorithms.
In the research conducted by Pudumalar et. al
[18], authors tried to solve the problem of reduced
yields in agriculture in India using the technique of
precision agriculture. The use of a system was suggested in order to give farmers advice and recommendations which crops to plant based on different
soil parameters. This system is based on a model that
uses the majority voting technique and analyzes the
performance of four classification algorithms such as
Random Tree, CHAID, K-Nearest Neighbor, and
NaiveBayes. The rules obtained by building the
CHAID model were used to develop a referral system that was implemented in the form of a web portal
graphical interface. Further research is moving towards the use of an improved data set with more attributes. Also, the plan is to implement a yield forecasting system in the future.

MATERIALS AND METHODS
Data selection. Based on the previously discussed literature and the nature of the investigated
phenomena and acquired data, methodology for data
processing and visualization was developed to detect
potential water shortage and drought occurrence in
the urban areas.
The data used for the analysis were collected in
the period from 2014 to 2018 at the sensor station in
.Dü
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FIGURE 1
The graphical user interface of the web portal
The station is located in the vicinity of Novi
Sad. The raw data were collected by various sensors
that measure certain parameters and then sent to the
web portal where they could be saved in CSV format. The graphical user interface of the web portal
is shown in Figure 1. Each file contains data obtained
from a different group of sensors.
The type of sensor network to which these sensors belong is called "Proactive Networks". These
sensors are programmed to turn on and record the
environment every hour so that 288 measurements
are performed on 12 different sensors in 24 hours.
The sensors that perform the measurements are [20]:
x six sensors for measuring the soil moisture
(SM1, SM2, SM3, SM4, SM5, SM6)
x one sensor for measuring the air humidity
(AH1)
x one sensor for measuring the wind speed
(WS1)
x one sensor for measuring the wind direction
(WD1)
x one sensor for measuring the air temperature (AT1)
x one sensor for measuring the precipitation
(PP1) and
x one sensor for measuring the battery power
supply (BT1)
Table 1. shows a detailed description of each of
the 4 attributes used in the dataset.

For the purposes of this research, only data
from the following relevant sensors were used:
x sensor for measuring the precipitation
(PP1)
x sensor for measuring the soil moisture
(SM1)
x sensor for measuring the air humidity
(AT1)
TABLE 1
Attribute description
Attribute name
Time

Device

ID value

Value

Description
The exact time and date when
the value of a particular parameter was measured
Unique device identification
number from which the parameter vale was read
A unique sensor identifier that
measures a specific parameter
and is given in a form of initials
The measured value of a certain
parameter

Software selection. For this research, the object-oriented programming language R and the development environment RStudio (version 1.3.1056)
were used because it is suitable for raw data processing and data manipulation, enables conversion
from CSV format to data frame and it is easy to use.
R is a programming language that is largely based on
the S programming language and contains a large
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number of various statistical and graphical methods
that include machine learning algorithms, linear regression, time series, and others. It is available on
various UNIX platforms as well as on Windows, and
macOS platform. R comes with approximately eight
standard packages while many more are available
through an extensive R archive network called
CRAN [19].
Data conversion. Raw data in CSV format are
first loaded into RStudio and then stored in a data
frame, which is a basic two-dimensional object
where data are organized in the form of columns and
rows. After the storage is done, the data are filtered
to extract only the relevant information related to the
selected parameters, precipitation, soil moisture, and
air temperature, that will be used in the research. The
new tables are created and called "Precipitation",
"Soil Moisture" and "Temperature". The data in
these tables are further aggregated using the “mean”
function to calculate the mean values and the “sum”
function to calculate the sum values. For soil moisture and temperature parameters, we calculate the
mean value during the day because the values of
these parameters are read from the sensor 24 times
during the day, so using the sum function would result in an unrealistically high value of soil temperature and humidity. Regarding the precipitation parameter, we use the sum function to calculate the
sum value due to the very nature of the precipitation
accumulation process where it is necessary to calculate the total amount during one day. The values of
precipitation, temperature, and soil moisture obtained in this way are sorted by months and years.
Finally, time series objects are created in which the
data are sampled continuously over time.

FIGURE 2
Graphic representation of total precipitation

FIGURE 3
Graphic representation of average temperature

RESULTS
The obtained results are then visualized using
the “plot” function, which graphically displays the
data in the form of a line graph with points. Graphical representations for each of the three parameters
are represented individually in Figure 2, 3, and 4,
while in Figure 5 all three parameters are shown
within one graph.
In Figure 2, total amount of precipitation is
shown on the Y-axis while the time component is
shown on the X-axis. The diagram shows the trend
of decreasing precipitation during the observed period from 2014-2018 with minor oscillations during
winter periods.
Figure 3. shows a visual representation of the
average temperature shown on the Y-axis in the period from January 2014 to January 2018. We can see
that the temperature rises and falls depending on the
season and that in January 2017 was the lowest temperature in the observed period but the temperature
oscillations are smaller on an annual basis.

FIGURE 4
Graphic representation of average soil moisture
Figure 4. shows the average soil moisture parameter shown on the Y-axis. From the graph, it can
be concluded that the soil moisture is highest in the
winter and lowest in the summer.
Figure 5. shows all the parameters within one
graph where it can be noticed that the soil moisture
will increase with the low temperature and high pre-
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cipitation and vice versa. This means that soil moisture is directly correlated with total atmospheric precipitation and inversely correlated with air temperature. There is a noticeable trend of increasing temperature on the one hand and declining precipitation
and soil moisture on the other hand in the observed
period, which indicates a potential drought, and
therefore the need to organize a comprehensive system for monitoring drought in smart cities.
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feed deficit. Reducing the expected feed deficit will
be possible only through the implementation of
applications that will increase yield and quality in the
land, since the lands that can be used for production
in our country have reached the final limit. In
Turkey, 23.4 million hectares of land are arable land
[2]. 66.4% (15.5 million hectares) of the agricultural
areas, excluding fallow areas, are allocated for field
crops agriculture. Approximately on 71% (11.1
million hectares) of the area cereals are planted.
Wheat is the most cultivated creals that ranks first
among the total cereal cultivation areas with a 69%
of the land allocated for its production while barley
is the second in regard to cultivation area which
constitute 22% of total cereal cultivation area. In
southeast region of Turkey, barley production
constitutes approximately 36% of the cereals which
indicates the importance of barley production for the
region. Barley yield is 2,945 kg ha-1 which is higher
than the average barley yield in Turkey [3]. Barley is
one of the oldest foods in human history and its
ecological limitations are very flexible with this
feature, it is widely produced worldwide. Although
grown in all regions of Turkey, especially in Central
Anatolia (Konya, Ankara, Eskisehir and Karaman)
DQG 6RXWKHDVWHUQ $QDWROLD 5HJLRQ 6DQOÕXUID
'L\DUEDNÕU 0DUGLQ  LV LPSRUWDQW LQ WZR DUHDV RI
barley cultivation.
Turkey's Southeastern Anatolia Region of
wheat and barley cultivation of the area where the
first time to be in're part of the Fertile Crescent of the
shows that have a significant accumulation on the
country's barley cultivation and culture [4]. While
the highest barley cultivation in our region is in
6DQOÕXUID ZLWK  WRQV WKLV SURYLQFH LV
IROORZHGE\'L\DUEDNÕU WRQV $GL\DPDQ
 WRQV  DQG 0DUGLQ  WRQV 
UHVSHFWLYHO\6DQOÕXUIDLVWKHJUDLQVLORRI*DS:KLOH
95% of the barley grown in the region constitutes
feed barley, 5% malt barley. The majority of malt
EDUOH\ JURZQ LQ WKH UHJLRQ LV PDGH LQ $GÕ\DPDQ
SURYLQFH DQG WKH RWKHU SDUW LV JURZQ LQ 6DQOÕXUID
province [5].
The importance of barley is very obvious
especially during duraght years when the shortage of

ABSTRACT
The purpose of this study was to determine the
effects of organic fertilizer application and
Trichoderma bacteria application on barley seeds,
spike and spike characteristics of barley. Field trials
were carried out in Harran Plain under additional
irrigated conditions during 2014-2015 and 20152016 growing seasons. In the experiment, four doses
of Trichoderma harzianum (To, T4, T7, T11) were
applied to barley. The highest grain yield (461.87 kg
/ da), grain number per spike (49,040 units),
hectoliter weight (72,128 ml) grain weight per spike
(2,125 g) and spike length (7.06 cm) values were
obtained from T7 Trichoderma harzianum
application. As a result, it was observed that
application of T7 Trichoderma harzianum increased
the grain yield, number of spikes, grain weight per
spike, hectoliter weight and spike length values.

KEYWORDS:
Barley, number of spikelets, hectoliter weight, organic
fertilizer, yield

INTRODUCTION
There is a rapid increase in population in the
world and in Turkey as well, therefore, cereals have
an important place in human nutrition. Barley is an
important feed crop used in animal protein
production, flour and raw material for various
industrial establishments and in human nutrition.
Barley is an important cultivated crop in low and
irregular rainfall regions for being more resistant to
salt and earlier than wheat [1] Although barley is not
used directly in human nutrition in our country, it is
an extremely important plant in terms of animal
KXVEDQGU\ 7KHUHIRUH ÕW LV LPSRUWDQW SODQW IURP
aspect livestock in our country. The high livestock
potential in the region and its further development
day by day brings along the barley concentrate feed
and roughage deficit. Barley breeding is becoming
increasingly important in the region to cover this
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animal feed high. The situation indicates that barley
production is very important for the country and
therefore, special attention should be given to barley
production. Expantion of barley production is
important but more importanly yield has to be
increased to make barley production profitable [6].
Selection of barley cultivars and fertilizer
application would increase yield but higher yield is
generally depend on availability of plant nutritions
and organic matters in the soil. In general soil in
Turkey is not rich in regard to organic matter content
with exception of small locations [7]. Agricultural
production which is the base of food production
takes place in the soil. Extensive use of synthetic
fertilizers in the last 60 years has caused many
adverse side effects on the environment. In
agricultural practices, main factor of producing
higher yield is depending on healty growing plants.
Fertilizing is very important for a healty growth of
plants [8]. Organic agriculture is esential for
prodcution of healty foods. Protection of soil quality
and sustainability of agriculture would be depending
on using natural and organic fertilizers which lately
EHFRPH KLJKO\ GHPHQGDEOH 0LFURELDO IHUWLOL]HUV
such as Bacillus spp., Azotobacter spp., Trichoderma
spp., Rhizobium spp., Azospirillum spp.ve
Saccharomyces spp. ae widely used used ([9], [10]).
Trichoderma is one of most commonly applied fungi
worldwide. Trichoderma spp., is also widely used as
biocontrol agent thus it has been widely studied [11].
It is known that Trichoderma spp., localizes
itself to the root system and provide resistance to
plants and also improve plant and roots development
[12],[13].
[14], [15]. It has been reported that some of
Trichoderma isolates increase fertilizer efficiency,
improve plant nutrition uptake from soil thus had
direct effect on plant development [16] Therefore,
microbial fertilizers increase plant height, number of
spikelets, number of grain in the spike and yield. It
has been reported in studies that Trichoderma
harzianum strengthens the fringe root structure of
plants and facilitates the intake of nutrients in the soil
([17], [18]).
In the powder formulation, it was observed that
the germination and tillering of the wheat seeds
covered with T. harzianum KUEN 1585 was
stronger. The plants emerged earlier, the colors of
the plants were darker green, and especially the
fringe root structure was strengthened, and increase
in yield was approximately 15-25%. Some of the
Trichoderma isolates colonizes on the plant roots
and covers the roots. Trichoderma contributes to the
development of roots and the roots grow longer and
go deep into the soil. It was observed that the roots
covered with Trichoderma in Egypt reached deeper
than 1 m. [19]. It has been determined that this
development in the roots enables the aboveground
green parts of the plants to develop better and the
plants ripen faster and also increases the resistance

of the plant to drought due to the deep roots.
Trichoderma has been reported to trigger the
immune system and growth hormones of plants [19].
It has been determined that T. harzianum does not
damage living plant tissues, prevents the
development of pathogens and, most importantly,
increases plant growth [20].
Another feature of Trichoderma is that it
converts substances such as phosphorus, manganese,
copper, and iron in the soil into a soluble form. Thus,
the roots could easily gain these nutrients from the
soil and the growth rate of the plant increased. The
use of Trichoderma in corn made it possible to
reduce chemical nitrogen fertilizers need by 40%
[19].
It has been determined that the application of T.
harzianum KUEN 1585 strengthens the tillering in
wheat, decreases the amont of seed per area by about
10% (for example, 20 kg per decare is sufficient for
18 kg per decare), improves the germination, makes
plants darker green, increases photosynthesis and
especially strengthen fringe root structure. It
increases 15-25% yield the application is done seed
soon after the harvest [21]. Organic farming emerges
as an important tool to reduce the negative impact of
dense synthetic chemicals applications to increase
crop quality and ensure sustainability, and therefore,
the use of bio fertilizers is an important issue in
organic farming and especially in grain production.
0LFURRUJDQLVPV SOD\ DQ LPSRUWDQW UROH LQ SODQW
nutrition and nutrient cycle. Therefore, the use of
these organisms as biofertilizers is important in
sustainable agriculture [22].
It has been reported that applications of organic
fertilizer mixtures increase soil fertility, yield and
crop quality. ([23] [24], [25], [26], [27], [28], [28]).
It has been reported that cattle manure
improves grain yield of wheat by improving soil
fertility [30]., It has been reported that farm manure
applications increased grain yield of rice, wheat,
barley and sorghum plants grown on saline soils
[23]. It has been reported that organic fertilizer
mixtures applied to tomato plants in saline soils
increase the nitrogen, phosphorus and potassium
levels in the soil [18]. They reported that agricultural
use of organic fertilizers is a very common
conventional practice in China [27].
0DKDWR HW DO. [31] in their study made 7
applications of Trichoderma to determine the effect
of Trichoderma on the development and yield of
wheat. In the study, the treatments were control, soil
+ NPK, Trichoderma applied soil, Trichoderma
application + farm manure, trichoderma application
+ NPK + half of fertilizer applications, Trichoderma
+ NPK and Trichoderma + NPK + farm fertilizer
applications. The study was designed according to
random plot trial pattern with 3 replications. The
results showed that Trichoderma increased the plant
height by 4.6%, the number of seeds by 3.8% and the
grain yield by 36.5%. It has been determined that the
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TABLE 1
Some of soil chemical properties of the experimental field
Year

Saturation
with water (%)

2014

Total
salt (%)

66

1.36

pH
saturated
paste
7.82

CaCO3
(%)
26.9

Plant available nutrients
(kg/da)
Phosphorus
Potassium
2.96
14.61

Organic
Matter (%)
1.11

TABLE 2
Some of chemical properties of the cattle manure

40

2015/2016

2014/2015

Year

P

0J

(%)
2

(%)
1.1

Fe
(%)

Zn
(ppm)

0Q
(ppm)

0.24

129

90

TABLE 3
Some of meteorological parameters during barley growth periods [5]
Month
11
12
1
2
3
4
0D[7HPSHUDWXUH oC)
23.7
17.6
17.4
18.2
24.5
33.4
0LQ7HPSHUDWXUH oC)
1.0
0.0
4.5
-0.7
-1.5
3.1
11.5
9.5
5.9
8.1
11.7
15.5
Average Temperature (oC)
Ave. Relative Humidity (%)
59.6
82.2
74.2
74.33
65.2
55.8
Total Precipitation(mm)
14.4
71.4
22.0
54.8
69.0
14.8
0D[7HPSHUDWXUH oC)
24.6
18.6
15.3
25.2
26.1
33.0
0LQ7HPSHUDWXUH oC)
0.1
-1.9
-7.0
-1.3
0.2
4.3
Av. Temperature (oC)
13.0
7.3
5.1
11.2
13.4
20.1
Av. Relative Humidity (%)
56.6
59.8
74.9
68.6
56.0
42.3
Total Precipitation (mm)
18.6
16.4
18.2
26.4
18.8
8.8

5
38.1
9.8
23.1
42.0
4.4
36.3
9.2
23.2
41.7
1.8

Organic
matter (%)

Total
N
(%)
1.5

Organic
N
(%)
1

pH

Total Humicfulvic (%)

K
(%)

68

28.2

2

values obtained from Trichoderma + farm manure
application are higher than the values obtained from
Trichoderma + NPK application.
Sharma et al. [32] conducted field demostration
using Trichoderma harzianum as a promoter for
plant development in wheat. Bread wheat variety
was used in the study, Trichoderma harzianum was
given in three periods as seeds, before flowering and
before harvest. Farm manure was used as fertilizer.
In another study, it is intended to determine the effect
of T. harzianum on grain yield and grain weight
values of the plant. Following the application, it had
been observed that there was a significant increase in
grain yield of wheat, a 36% increase in grain yield in
the Kota Region thus the total income of farmers
increased.

6
39.0
15.5
27.4
39.0
5.2
42.8
17.1
29.6
31.6
0.2

2 minutes before use, then washed with sterile
distilled water and surface sterilized [33].
7KLVVWXG\ZDVFDUULHGRXWLQ6DQOÕXUID+DUUDQ
Plain in 2014/2015 and 2015/2016. Some chemical
properties of soil from reseach plots were given in
Table 1 and some of chemical properties of the cattle
manure which was mixed into the soil in the experimental area before sowing was given in the Table 2.
The climate data obtained during the growing period
of the study were given in Table 3.
The trial was conducted for two years from
2014 to 2016 on the research station of Harran
University at Akcakale Vocational High School in
Harran. As experimental materials; Akhisar barley
variety, farm manure and Trichoderma sp. T4, T7
and T11 isolates were used. The study was set as
random plots with 3 replications and there were 15
research plots in total.
In the trial, the parcel dimensions were 5 x 1.2
m. In the trial; Organic fertilizer was applied to four
plots during planting, but no application was made
to one plot which used as control.
Three of organic fertilizer applied research plots
treated with Trichoderma sp. T4, T7 and T11 isolates
treated seeds were planted. 475 seeds per m2 were
sown at 20 cm row spacing and at 4-6 cm depth [34].
2-3 tons /da of processed farm manure was applied
Spike Length (cm) [35]. Farm manure analysis
indicated that there were 40% total organic matter,
1.5% total nitrogen, 1% organic nitrogen, 28.2%
humic-fulvic total, 2% potassium, 2% phosphorus,
1.1% magnesium, 0.24% iron, 129 ppm zinc and 90

MATERIALS AND METHODS
The local isolates (T4, T7 and T11 isolates) of
Trichoderma sp., were obtained from the
0LFURELRORJ\ ODERUDWRU\ RI +DUUDQ 8QLYHUVLW\
Farmyard fertilizer was used as a commercial
organic fertilizer. Trichoderma sp. isolates were
developed in flasks containing 200 ml Potato
dextrose agar. Sports suspensions of 1 x 108 konidia
/ ml of isolates were prepared and 300 ml of this
suspension was used to cover 180 g of barley seeds.
180 g of barley seeds were planted in each plot.
Barley seeds are kept in 1% sodium hypochlorite for
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TABLE 4
Combined variance analysis for grain yield, spike length, hectoliter weight, 1000-grain weight and
Number of grain in spike obtained in the Trichoderma spp.
applications during 2014-2015 and 2015-2016 growing seasons.
Variance

*UDLQyield
Year
Replications
Treatment
Year x
Treatment
Error
Overall error
CV (%1)

0HDQ6TXDUHV
Number of
grain in spike
1.2526
4.6214
2276.7440*
5.4151

SD

1
4
6
6

4680.003
52.691
22082.408*
1781.765

Hectoliter
weight
10.41941
8.91861
184.20145*
0.27145

24
41

194.823
28791.690
0.822

12.14745
215.95839
1.28

2.,0280
2311.0609
2.920

*UDLQZHLJKW
in spike
0.020280
0.0051600
9.3529333*
0.0132533

Spike height

0.0351733
9.426800
3.064

0.5886133
7.2326300
3.004

0.2784033
0.0339867
6.0990133*
0.2326133

TABLE 5
Grain number, hectolitre weight of Akhisar barley cultivar obtained
in Trichoderma applications
Treatment
T4
T7
T11
$QLPDO0DQXUH
Control
LSD

1XPEHURI*UDLQVSHU6SLNH
2014-15
2015-16
46.733 bc
45.533 c
49.680 a
48.400 ab
47.733 ab
47.300 bc
37.230 d
36.400 d
26.233 e
25.533 e
1.608

Ave.**
47.516 b
49.040 a
46.130 b
36.815 c
25.883 d

ppm manganese in the content.No mineral fertilizers
and herbicides were applied to the trial. The data
REWDLQHG IURP WKH VWXG\ ZHUH DQDO\]HG LQ -03 
statistics program.

Hectoliter Weight
2014-15
2015-16
68.57 bc
67.100 cd
72.590 a
72.667 a
69.600 b
68.400 bc
66.87 de
65.600 def
65.430 ef
64.400 f
1.168

Ave.**
67.835 c
72.128 a
69.000 b
66.235 d
64.915 e

Trichoderma sp. application increases the
amount of plant nutrients in the soil and at the same
time, it makes the nutrients in the soil more useful
and used effectively by plants [17], [18], [32]. Because the plants use nutrients more effectively, the
spike length gets longer. It is also stated by some researchers that Trichoderma application positively affects the yield and yield components of the plant [8],
[31], [32].
In the average of 2014–2015 ve 2015–2016
years, Trichoderma sp. applications increased grain
yield and grain weight values of Akhisar barley cultivars in spike (Table 5).
In the average of two years, it was determined
that the grain yield value ranged between 385.83 kg
/ da (control) and 461.87 kg / da (T7), and hectoliter
weight values varied between 64.915 kg / hl (Control) and 72.128 kg / hl (T7). The highest grain size
and hectolitre weight value was obtained from T7
application. In both years, with Trichoderma application, grain number and hectolitre weight values increased in the spike.
Trichoderma applications used in the experiment
seem to increase grain number and hectolitre weight
in spike compared to control. Trichoderma sp. application increases the amount of plant nutrients in the
soil, and at the same time, it increases the number of
grain in the spikes, the length of the spike and the
weight of hectoliters by making the nutrients in the
soil more useful. It is also stated by some researchers
that microorganisms and applications positively

RESULTS AND DISCUSSION
The trial was conducted for two years (20142016). The results of grain yield in barley, grain
number in spike, grain weight in spike, hectolitre
weight and spike length were discussed. Varaince
analysis of combined 2 years data indicated that
grain yield, spike length, grain number in spike,
grain weight in spike and hectolitre weight were statistically significant (P=0.01).
Comparing the control and applications of
Akhisar barley cultivars from the study conducted
during 2014–2015 and 2015–2016, it was determined that Trichoderma application increased the
number of grain and hectolitre weight in the spike
(Table 4). In the average of two years, it was determined that the value of grain number per spike
ranged from 25.883 g (control) to 49.040 g (T7), and
hectoliter weight values varied between 64.915 kg /
hl and 72.128 kg / hl. The highest grain value number
and hectolitre weight value obtained from seeds
treated Trichoderma sp (T7). In both years, with
Trichoderma application increased grain number and
hectolitre weight values in the spike. Trichoderma
sp. applications increased the number of grain and
hectolitre weight in spike compared to control.
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T4

T7

T11

FIGURE 1
Trichoderma sp. isolates used in the study

FIGURE 2
Barley plants in the experimental field
affect the yield and yield components of the plant
([8], [31], [9]).
As it is highlighted in Figure 1, it can be seen
that Trichoderma sp. application increases grain
weight in spike. The highest value was obtained
from T7 treatment. This was followed by T11, T4
and farm manure applications, respectively.
Comparing control and Trichoderma sp application doses in Akhisar barley cultivars during years
of 2014–2015 and 2015–2016, it was determined
that Trichoderma sp application increased grain
yield and grain weight values in spike (Table 6). It
was determined that the average of the grain yield
varies between 385.83 kg / da (control) and 461.87
kg / da (T7), and the hectoliter weight values varied
between 64.915 and 72.128. The highest grain size
and hectolitre weight value was obtained from T7
Trichoderma sp. application. In both years, it was
observed that the number of grain and hectolitre
weight increased in the spikes from the applications
with Trichoderma isolates.
Trichoderma applications used in the experiment increased grain yield and grain weight in spike
compared to control. Trichoderma application increases the amount of plant nutrients in the soil by
enabling the nutrients in the soil to be more useful
and used effectively by plants. As a result, the spikes
were long and the grains in the spike became larger
and fuller.

Accordingly, the number of grain in the spike,
the weight of hectolitre and grain yield increased. It
is also stated by some researchers that Trichoderma
sp. application positively affects the yield and yield
components of the plant ([8], [9],[31]). These studies
support are in agreeement with our results as it was
investigate in the figure 2 and figure 3, Trichoderma
sp. the applications increase the grain yield and grain
weight in spike of barley, especially in T7
application, the grain yield and grain weight in spike
of barley values are seen to reach the highest level as
results of the treatments.
Comparing control and the applications in
Akhisar barley cultivars between 2014 and 2016, it
was determined that Trichoderma applications increased the spike length in both years (Table 7) It
was determined that the spike height value ranged
from 5.72 cm (control) to 7.06 cm (T7). The highest
spike length value was obtained from T7 Trichoderma application.
Trichoderma sp. application increases the
amount of plant nutrients in the soil. At the same
time, it ensures that the nutrients in the soil become
more useful and can be taken up effectively by
plants. Because the plants can use nutrients more effectively, the spikes get longer and longer spikes affect yield and yield components.
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TABLE 6
Grain yield, grain weight in spike of Akhisar barley variety obtained
in different Trichoderma spp.applications
Trichoderma Applications
T4
T7
T11
$QLPDO0DQXUH
Control
LSD

*UDLQ<LHOG
2014-15
438,90cd
480,4a
451,96b
421,40e
390,46 g
4,27

2015-16
436,36d
443,33c
415,30f
382,93h
380,30h

*UDLQ:HLJKWLQ6SLNH
2014-15
2015-16
1,850 bc
1,820 c
2,150 a
2,100 a
1,930 b
1,913 b
1,200 d
1,066 e
0,650 f
0,620 f
0,057

Ort.**
437,63b
461,87 a
433,63 b
402, 17c
385,3d

Ort.**
1,835 c
2,125 a
1,921 b
1,133 d
0,635 e

TABLE 7
The spike height of Akhisar barley cultivar obtained in different Trichoderma spp. application
Treatments

Spike Height (cm)
2014-15
6.80 bc
7.13 a
6.60 cd
6.15 e
5.71 f

T4
T7
T11
$QLPDO0DQXUH
Control
LSD

2015-16
6.40 de
7.00 ab
6.20 e
6.10 e
5.73 f
0,257

Average.**
6.60 b
7.06 a
6.40 b
6.125 c
5.72 d

Grain weight in spike of
barley (g)

7
6
5
4
3
2
1
0
T4

T7

T11

2014-2015

Manure

2015-2016

Control
Average

FIGURE 3
Effects of Trichoderma sp. applications on grain weight in spike of barley

Grain yield (kg/da)

600
500
400
300
200
100
0
T4

T7
2014-2015

T11
2015-2016

Manure
Average

.
FIGURE 4
Effects of the applications on grain yield (kg / da)
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[8] Ege, H., Burun, B., Tuna, L. (2004) Effect of
lime stabilized wastewater application as a
source of nutrient elements on some morphological and anatomical properties in barley. Ege
Unv. Journal of Faculty of Agriculture. 41(2),
89-99.
[9] 6KDUPD $ -RKUL % 1 6KDUPD $. *OLFN
B. R. (2003) Plant growth promoting bacterium
3VHXGRPRQDVVSVWUDLQV*53LQIOXHQFHVLURQ
acquisition in mung bean (Vigna radiata L.
Wilzeck). Soil Biology Biochemistry. 35, 887894.
[10] 9D]TXH]3+ROJXLQ*3XHQWH0(/RSH]Cortez, A., Bashan, Y. (2000) Phosphate solubilizing microorganisms associated with the rhizosphere of mangroves in a semiarid coastal lagoon. Biology Fertility Soils 30, 460-468.
[11] Hoyos-Carvajal, L., Orduz, S., Bissett, J. (2009)
*URZWKVWLPXODWLRQLQEHDQ 3KDVHROXVYXOJDULV
L.) by Trichoderma. Biological Control 51, 409416.
[12] ,QEDU - $EUDPVN\ 0 &RKHQ ' &KHW ,
(1994) Plant growth enhancement and disease
control by Trichoderma harzianum in vegetable
seedlings grown under commercial conditions.
European Journal of Plant Pathology. 100, 337346.
[13] Yedidia, I., Srivastva, A. K., Kapulnik, Y., Chet,
I. (2001) Effect of Trichoderma harzianum on
microelement concentrations and increased
growth of cucumber plants. Plant and Soil. 235,
235-242.
[14] +DUPDQ*(+RZHOO&59LWHUER, A., Chet,
, /RULWR 0   Trichoderma species opportunistic, avirulent plant symbionts. Nat. Rev.
0LFURELRORJ\. 2, 43-56.
[15] +DUPDQ*(  2YHUYLHZRIPHFKDQLVPV
and uses of Trichoderma spp. Phytopathology.
96, 190-194.
[16] 6KRUHVK0+DUPDQ*(0DVWRXUL)  
Induced systemic resistance and plant responses
to fungal biocontrol agents. Annu. Rev. Phytopathology 48, 21-43.
[17] Altomare, C., Norwell, W.A., Björkman, T.,
+DUPDQ*  Solubilization of Phosphates
DQG 0LFURQXWULHQWV E\ WKH 3Oant-*URZWK-Promoting and Biocontrol Fungus Trichoderma
harzianum Rifai 1295-22. Applied and EnvironPHQWDO0LFURELRORJ\-2933.
[18] .XFXN&.ÕYDQF0.ÕQDFÕ(YH.ÕQDFÕ*
(2008) Determination of the growth and solubilization capabilities of Trichoderma harzianum
T1. Biologia, Bratislava. 63(2), 162-170.
[19] +DUPDQ *( .XELFHN &3   7ULFKR
GHUPD DQG *OLRFODGLXP (Q]\PHV. Biological
Control and Commercial Applications, Taylor
and Francis Ltd, London. 2.

CONCLUSIONS
In the average of the two years, it was determined that the grain yield value ranged between
385.83 kg / da (control) and 461.87 kg / da (T7), and
hectolitre weight values varied between 64.915 and
72.128. In the average of two years, the number of
grain numbers per spike varied between 25.883 g
(control) and 49.040 g (T7), and hectolitre weight
values varied between 64.915ml and 72.128 ml. It
was determined that the spike length value ranged
from 5.72 cm (control) to 7.06 cm (T7). Especially
Trichoderma applications appear to increase the effect of organic fertilizers.
The results of the make it obvious that organic
fertilizers that maintain balance in nature, provide
balance in soil fertility, help control diseases and
pests, create continuity of life, and provide quality
products, therefore, organic fertilizer should be preIHUUHG0LFURELDODSSOLFDWLRQVLQDGGLWLRQWRRUJDQLF
fertilizers will increase the yield and quality and reduce plant diseases by providing efficient uptake of
nutrients in the soil.
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6<1(5*,67,&,03$&72)7+(320(*5$1$7(3((/6
$1',761$123$57,&/(6$*$,1677+(,1)(&7,212)
TOBACCO MOSAIC VIRUS 709 

)DWHQ'KDZL+RVVDP6(O%HOWDJL <DVPLQ($EGHO0REG\6KHULID06DODK,QDV6*KDO\
(PDP$$EGHO5DKLP+HED,0RKDPHG$KPHG06ROLPDQ



$JULFXOWXUDO%LRWHFKQRORJ\'HSDUWPHQW&ROOHJHRI$JULFXOWXUHDQG)RRG6FLHQFHV.LQJ)DLVDO8QLYHUVLW\$O$KVD6DXGL$UDELD

%LRFKHPLVWU\'HSDUWPHQW)DFXOW\RI$JULFXOWXUH&DLUR8QLYHUVLW\*DPPDVW*L]D32(J\SW

(QWRPRORJ\DQG3HVWLFLGH'HSDUWPHQW)DFXOW\RI$JULFXOWXUH&DLUR8QLYHUVLW\3%R[*DPPD6W*L]D(J\SW

&HOO%LRORJ\'HSDUWPHQW1DWLRQDO5HVHDUFK&HQWHU'RNNL*L]D(J\SW

%LRORJLFDODQG*HRORJLFDO6FLHQFHV'HSDUWPHQW)DFXOW\RI(GXFDWLRQ$LQ6KDPV8QLYHUVLW\&DLUR(J\SW

$ULG/DQG$JULFXOWXUH'HSDUWPHQW&ROOHJHRI$JULFXOWXUDODQG)RRG6FLHQFHV.LQJ)DLVDO8QLYHUVLW\$O$KVD6DXGL$UDELD

9LUXV 3K\WRSODVPD5HVHDUFK'HSDUWPHQW3ODQW3DWKRORJ\5HVHDUFK,QVWLWXWH$JULFXOWXUDO5HVHDUFK&HQWHU(J\SW


$%675$&7

Tobaco mosaic virus 709 LVDGHDGO\SODQW
YLUXVZLWKVHULRXVHFRQRPLFLPSOLFDWLRQVUHVXOWLQJLQ
GHFUHDVHFURS\LHOGSURGXFWLRQ,QUHFHQW\HDUVHQ
YLURQPHQWDOO\ IULHQGO\ FRPSRQHQWV IRU PDQDJLQJ
FURSGLVHDVHVKDYHEHHQGHYHORSHGDVDOWHUQDWLYHVWR
FKHPLFDOSHVWLFLGHVLQFOXGLQJWKHXVHRIDJURZDVWH
OLNHSRPHJUDQDWHSHHOV2XUVWXGLHVZHUHFDUULHGRXW
WRGHWHUPLQHWKHFKHPLFDOFRQVWLWXHQWVRISRPHJUDQ
DWHSHHOVDQGWKHLUVRQLFDWHGQDQRSDUWLFOHV7KHSUH
VHQWVWXG\LVDLPHGWRVWXG\WKHWR[LFHIIHFWRI7R
EDFR PRVDLF YLUXV 709  LQIHFWLRQV ZLWK HLWKHU
SRPHJUDQDWH SHHOV 33V  DQG WKHLU QDQRSDUWLFOHV
3313V H[WUDFWWUHDWPHQWVDVDQWLR[LGDQWDQGDQWL
YLUDODJHQWE\XVLQJWKHORFDOOHVLRQDVVD\RQ'DWXUD
PHWHO7KHYLUXVZDVREWDLQHGIURPLQIHFWHGWREDFFR
SODQWV 7KH SRPHJUDQDWH SHHOV ZHUH H[WUDFWHG E\
SKRVSKDWHEXIIHUS+DQGWKHKRPRJHQDWHVZHUH
XVHGLWVHOIRUDIWHUGHYHORSHGEDVHGRQWKHXOWUDVRXQG
WKHQ WKH WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ 7(0 
DQDO\VLVVKRZHGWKDWQDQRSDUWLFOHVUDQJHGIURP
WR  QP &KHPLFDO FRPSRVLWLRQ FRPSRXQGV ZHUH
GHWHUPLQHGDOVRJHQHWLFGLYHUVLW\RISODQWVDPSOHV
ZDV HVWLPDWHG XVLQJ 5$3' DQG ,665 PROHFXODU
PDUNHUV 2XU UHVXOWV VKRZHG WKDW WKH DQWLYLUDO H[
WUDFWVRI33VDQG3313VXVHGKDGVLJQLILFDQWHIIHFWV
LQGHFUHDVLQJWKHQXPEHURIORFDOOHVLRQVIRUPHGE\
WKHFKDOOHQJHLQRFXODWLRQRI7097KH3313VH[
WUDFW ZDV IRXQG WR EH WKH KLJKHVW HIIHFWLYH DJDLQVW
709ZKLFKPD\EHGXHWRWKHLUFKHPLFDOFRPSRVL
WLRQZKLFKFRQWDLQKLJKFRQFHQWUDWLRQVRIPRQRVDF
FKDULGHVDPLQRDFLGVSKHQROLFDQGIODYRQRLGVFRP
SRXQGVDQGDQWLR[LGDQWDFWLYLW\ '33+ ,QDGGLWLRQ
5HVXOWV VKRZHG WKDW WHVWHG H[WUDFWV REWDLQHG IURP
336 RU 3313 KDYH QR HIIHFW RQ '1$ RI Datura
metel 3ODQWV $W WKH VDPH WLPH WKH YLUDO LQIHFWLRQ
ZDV LQKLELWHG ZKLFK PDGH WKHP VDIH DV ELRORJLFDO
PDWHULDOV7KHUHIRUHWKLVVWXG\UHFRPPHQGVWKHDS
SOLFDWLRQ RI WKH DJURZDVWH 336RU3313V DV HFR
IULHQGO\DQWLYLUDO



.(<:25'6
'DWXUD0RQRVDFFKDULGH3KHQROLFIODYRQRLG$QWLR[LGDQW
DFWLYLW\$PLQRDFLGV,QWHUVLPSOHVHTXHQFHUHSHDWV



,1752'8&7,21

9LUDO GLVHDVHV DUH RQH RI WKH PDLQ FDXVHV RI
HFRQRPLFORVVHVLQDOOFURSV7REDFFR0RVDLFYLUXV
709 LVFRQVLGHUHGRQHRIWKHPRVWVFLHQWLILFDOO\
DQGHFRQRPLFDOO\LPSRUWDQWSODQWYLUXVHV>@709
FDQLQIHFWQLQHSODQWIDPLOLHVDQGPRUHWKDQVSH
FLHV LQFOXGLQJ WREDFFR FXFXPEHU WRPDWR SHSSHU
DQGVHYHUDORUQDPHQWDOIORZHUV709LVDSRVLWLYH
VHQVHVLQJOHVWUDQGHG51$YLUXVVSHFLHVRIWKHJH
QXV7REDPRYLUXVLQIHFWLQJDZLGHYDULHW\RISODQWV
WKDW FDXVHV PRVDLFOLNH GLVFRORUDWLRQ V\PSWRPV RQ
WKHOHDYHV>@
6LQFH WKH EHJLQQLQJ RI WKH VW FHQWXU\ UH
VHDUFKHUV FRQFHQWUDWHG RQ GLVFRYHULQJ WKH QDWXUDO
FRPSRXQGVWKDWFRXOGEHXVHGDVQDWXUDOSHVWLFLGHV
EHFDXVHRIUHODWLYHO\ OHVV WR[LFLW\ DQG OHVV UHVLGXDO
HQYLURQPHQWDOLPSDFW>@&RQVLGHULQJWKHSURWHF
WLRQRIWKHHQYLURQPHQWDQGKXPDQKHDOWKUHVHDUFK
HUVPRYHGWKHLUWKRXJKWVWRWKHDQFLHQWWLPHVZKHQ
SHRSOHXVHGKHUEDOVDQGQDWXUDOSURGXFWVWRWUHDWGLI
IHUHQW LQIHFWLRXV FRQGLWLRQV 7KLV KDV OHG WKHP WR
FRQWURO SODQW YLUXVHV WKURXJK QDWXUDO SODQW QDWXUDO
FRPSRXQGVDQGDJURZDVWH>@0DQ\SODQWVKDYH
DQWLLQIHFWLYH SURSHUWLHV LQFOXGLQJ DQWLYLUDO DFWLYLW\
ZKLFKFRQWDLQGLIIHUHQWFRQVWLWXHQWVVXFKDVSKHQROV
IODYRQRLGVDONDORLGVWHUSLQRLGVHWF>@7KHUH
FHQWUHVHDUFKHVKDYHVKRZQWKDWFKDQJHVLQSKHQROV
DQGIODYRQRLGVZKLFKSOD\DQLPSRUWDQWUROHDVVHF
RQGDU\PHWDEROLWHVDQGDNH\UROHLQWKHUHODWLRQVKLS
EHWZHHQKRVWDQGSDWKRJHQGLVHDVHSURGXFWLRQDQG
LQIHFWHG SODQW SURWHFWLRQ UHDFWLRQV >@ ,W LV
ZLGHO\ UHFRJQL]HG WKDW WKH EHQHILFLDO HIIHFWV RI
KHUEDOUHPHGLHVPD\EHGHULYHGIURPDFWLYHFRQVWLW
XHQWV SUHVHQW LQ WKH ZKROH SODQW IURP SDUWV RI WKH
SODQW HJIORZHUVVHHGVSHHOVURRWVRUOHDYHV RU
IURPSODQW PDWHULDOVRUWKHLUYDULDWLRQVZKHWKHULQ
URXJKRUUHILQHGIRUP>@
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3RPHJUDQDWH Punica granatum /  3J  IUXLWV
DUHIUHVKFRQVXPHGZKLFKLVQDWXUDOO\ULFKLQVHYHUDO
DQWLR[LGDQWVVXFKDVSRO\SKHQROV HOODJLFDFLG IOD
YRQRLGV SDUWLFXODUO\DQWKRF\DQLQV YLWDPLQ&DQG
K\GURO\VDEOHWDQQLQVDVZHOODVIDWW\DFLGVDQGSUR
OLQHDPRQJRWKHUV7KLVIUXLWDOVRFRQWDLQVHVVHQWLDO
PLQHUDOOHYHOVVXFKDVSRWDVVLXPFDOFLXPSKRVSKR
URXVPDJQHVLXPDQGVRGLXP>@7KHSHHOVDUH
QHYHUWKHOHVV WKURZQ DZD\ IRU EHLQJ FRQVLGHUHG LQ
GXVWULDO ZDVWH 3RPHJUDQDWH V DQWLR[LGDQW DQG DQWL
PLFURELDODELOLW\LVGLVWULEXWHGWKURXJKRXWWKHSODQW
>@EXWWKHSHHOFRQWDLQVKLJKHUTXDQWLWLHVRIQXWUL
WLRQDODQGELRDFWLYHFRPSRXQGVWKDQHGLEOHSDUWVDQG
RWKHUIUXLWV>@DQGWKHSRWHQWLDOXVHRIWKLVUDZPD
WHULDOLQWKHIRRGDQGSKDUPDFHXWLFDOLQGXVWULHV>@
$P\UJLDODNLHWDO 3RPHJUDQDWHH[WUDFWVLQ
WHUIHUH WKH YLUDO VSUHDG WKURXJK LWV JHQHWLF IDFWRUV
OHDGLQJ WR GHDWK 3RPHJUDQDWH DQWLR[LGDQW VXFK DV
SRO\SKHQROVLQKLELWHGJHQHH[SUHVVLRQ>@ $EGHO
5DKLPHWDO 3XQLFDODJLQVDQGJDOOLFDFLGKDYH
DQWLJHQRWR[LFSURSHUWLHVDQGDQWLIXQJDODQWLEDFWH
ULDODFWLYLWLHV7KHODUJHDPRXQWRISKHQROLFVLQWKH
SLOO H[WUDFWV FDXVHV VWURQJ DQWLR[LGDQW DELOLW\ >@
3RPHJUDQDWH SHHO XVHG DV DQWLYLUDO DQWLPLFURELDO
DQGDQWLFDQFHUDJHQWV>@
1DQRWHFKQRORJ\LVDQLQQRYDWLYHDSSURDFKWKDW
KDVSRWHQWLDODSSOLFDWLRQLQSKDUPDFHXWLFDOUHVHDUFK
,PSURYHG SRPHJUDQDWH H[WUDFWV \LHOG PD\ EH H[
SODLQHGLQWHUPRIFDYLWDWLRQDOHIIHFWVFDXVHGE\WKH
DSSOLFDWLRQRIKLJKLQWHQVLW\XOWUDVRXQG6RQLFDWLRQ
LV D KLJKO\ V\VWHPVSHFLILF GLVSHUVLRQ SURFHVV LQ
YROYLQJDQXPEHURIFRQFRPLWDQWFRPSOH[SK\VLFR
FKHPLFDOLQWHUDFWLRQVWKDWFDQOHDGWRFOXVWHUEUHDNXS
RUIXUWKHUDJJORPHUDWLRQDVZHOODVRWKHUHIIHFWVOLNH
FKHPLFDOUHDFWLRQV>@
7KHSUHVHQWVWXGLHVDLPWRVWXG\WKHFKHPLFDO
FRPSRVLWLRQRISRPHJUDQDWHH[WUDFWDQGWKHLUQDQR
SDUWLFOHV DQG WR HYDOXDWH WKH DQWLYLUDO DFWLYLW\ RI
SRPHJUDQDWHH[WUDFWDQGWKHLUQDQRSDUWLFOHVDJDLQVW
709LQIHFWLRQ


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

&KHPLFDOV$OOFKHPLFDOVZHUHREWDLQHGIURP
6LJPDFKHPLFDO&R /RQGRQ/DE3RROH (QJODQG
&DLUR EUDQFK  7KH VROYHQWV ZHUH SXULILHG DQG UH
GLVWLOOHGEHIRUHXVH

3ODQW PDWHULDO SUHSDUDWLRQV 3RPHJUDQDWH
Punica granatum VDPSOHVZHUHSXUFKDVHGIURPWKH
ORFDO PDUNHW ZKLFK FXW DQG HGLEOH SDUW ZDV VHSD
UDWHGIURPWKHSHHO3HHOSDUWVZHUHGULHGLQDQDLU
RYHQDW&7KHGULHGVDPSOHVZHUHJURXQGWRILQH
SRZGHU7KHGULHGSRZGHURISRPHJUDQDWHSHHOVDQG
WKHLUQDQRSDUWLFOHVH[WUDFWHGZLWKKH[DQHIRUUHPRY
LQJRIOLSLGEHIRUHWKHFKHPLFDODQDO\VLV>@
6\QWKHVLV RI SRPHJUDQDWH SHHOV QDQRSDUWL
FOHV 13V  )RU SRPHJUDQDWH SHHOV QDQRSDUWLFOHV
13V SHHOVZHUHH[WUDFWHGXVLQJDQHOHFWULFMXLFHU

EOLQGHU  7KH UHVXOWHG H[WUDFWV ZHUH ILOWHUHG WR UH
PRYH WKH UHVW SDUWLFOHV DQG VXEVHTXHQWO\ FRQFHQ
WUDWHGZLWKDURWDU\HYDSRUDWRUXQGHUORZWHPSHUD
WXUH & IRURQHKRXUWRJHWDFRQFHQWUDWHPO
RIWKHUHVXOWLQJH[WUDFWZDVVRQLFDWHGE\XOWUDVRQLF
ZDYHV WKURXJK 'LJLWDO 8OWUDVRQLF &OHDQHU PRGHO
6+/SRZHUZSRZHUVXSSO\YIUHTXHQF\
RI  + WDQN VL]H [[ PP DQG YROXPH
/86$ IRUPLQDWURRPWHPSHUDWXUH & 
LQWKHGDUN>@

%LRFKHPLFDO FRPSRVLWLRQ RI SRPHJUDQDWH
7KH FKHPLFDO DVVD\V RI WKH VDPSOHV IRU PRLVWXUH
FUXGH SURWHLQ WRWDO OLSLG DQG DVK ZHUH GHWHUPLQHG
DFFRUGLQJWR$2$&>@EXWWRWDOFDUERK\GUDWHZDV
GHWHUPLQHGE\'XERLVet al>@PHWKRG

6XJDUV GHWHUPLQDWLRQV E\ +LJK 3HUIRU
PDQFH /LTXLG &KURPDWRJUDSK\ +3/&  7KH
DQWLYLUDOSRO\VDFFKDULGHVZHUHVHSDUDWHGDFFRUGLQJ
WR =KX HW DO >@ 7KHVH SOR\VDFFKDULGHV ZHUH K\
GURO\]HGZLWKIRUPLFDFLGDFFRUGLQJWR6XGKDPDQL
HW DO >@ DQG WKHQ WKHLU PRQRVDFFKDULGHV ZHUH
LGHQWLILHG DQG GHWHUPLQHG E\ +3/& DV GHVFULEHG
>@LQWKH1DWLRQDO5HVHDUFK&HQWUH 15& 'RNNL
&DLUR(J\SW6DPSOHVZHUHFXWLQWRVPDOOSDUWVKR
PRJHQL]HG XVLQJ FRPPHUFLDO EOHQGHU WKHQ VRDNHG
IRURQHKRXULQKRW+3/&JUDGHZDWHUDQGH[WUDFWHG
IRUPLQXWHVLQDQXOWUDVRQLFEDWK &UHVW0DOD\
VLD DW&8VLQJILOWHUSDSHUDQGȝP0LO
OLSRUHPHPEUDQHWKHVROXWLRQZDVILOWHUHGWZLFHDQG
NHSWDW&XQWLODQDO\VLV6XJDUVZHUHGHWHUPLQHG
E\+3/&WKHFROXPQXVHGZDV3KHQRPHQH[/XQD
1+[PPFROXPQWHPSHUDWXUHNHSWFRQVWDQW
DW  & $FHWRQLWULOH ZDV D PRELOH SKDVH +3/&
JUDGHZDWHU YY 5,GHWHFWRUGHWHFWLRQDQG
FODULW\FKURP#VRIWZDUHGDWDLQWHJUDWLRQ

$PLQR DFLGV GHWHUPLQDWLRQ 7KH DQWLYLUDO
SURWHLQZDVVHSDUDWHGE\WULFKORURDFHWLFDFLGSUHFLS
LWDWLRQ DW & IRU WZR GD\V 7KH VHSDUDWHG SURWHLQ
ZDVK\GURO\]HGDQGWKHDPLQRDFLGVZHUHLGHQWLILHG
DQG GHWHUPLQHG XVLQJ DPLQR DFLG DQDO\]HU %LR
FKURP  EDVHG RQ VRGLXP FROXPQ LRQH[FKDQJH
FKURPDWRJUDSK\  DFFRUGLQJ WR WKH PHWKRG RXWOLQHG
>@$NQRZQTXDQWLW\RIVDPSOHZDVZHLJKHGDQG
GLJHVWHG ZLWK PO RI 1 +&O DW &IRU  K
7KHQ+&OZDVUHPRYHGE\HYDSRUDWLRQWKHUHPDLQ
LQJVROLGIUDFWLRQZDVGLVVROYHGLQ1VRGLXPFLW
UDWHEXIIHU S+ $PLQRDFLGVWDQGDUGFRQWDLQLQJ
DPLQRDFLGVZDVDOVRWUHDWHGLQWKHVLPLODUPDQ
QHU

3KHQROLFV DQG IODYRQRLGV FRPSRVLWLRQ RI
SRPHJUDQDWH7RWDOSKHQROLFFRPSRXQGVZHUHGH
WHUPLQHGE\)ROLQ'HQLVUHDJHQWV>@7KHDEVRUE
DQFH ZDV PHDVXUHG DW  QP XVLQJ D VSHFWURSKR
WRPHWHU7KHUPR6FLHQWLILF+(5<,267KHWRWDOIOD
YRQRLGV ZHUH GHWHUPLQHG DQG WKH DEVRUEDQFH ZDV
PHDVXUHGDWQPXVLQJDVSHFWURSKRWRPHWHU>@
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7KH LGHQWLILFDWLRQ RI WKH SKHQROLFV DQG IODYRQRLGV
DQG WKHLU GHWHUPLQDWLRQ ZHUH FDUULHG RXW E\ +3/&
DFFRUGLQJ WR 0HUIRUW HW DO >@ PHWKRG LQ 15&
'RNNL&DLUR(J\SW

'33+ IUHH 5DGLFDO 6FDYHQJLQJ DFWLYLW\
56$  $QWLR[LGDQW DFWLYLW\ RI SRPHJUDQDWH SHHOV
DQGWKHLUH[WUDFWRIQDQRSDUWLFOHVZDVPHDVXUHGXV
LQJWKHVWDEOH'33+PHWKRGDVXSGDWHGE\3DUNHW
DO >@ LQ WHUPV RI K\GURJHQ GRQDWLRQ RU UDGLFDO
VFDYHQJLQJFDSDELOLW\5HDFWLRQPL[WXUHFRQWDLQLQJ
 PO RI H[WUDFW DW GLIIHUHQW FRQFHQWUDWLRQV  
ȝJPO DQGPORI'33+ P0 ZDV
VKDNHQYLJRURXVO\GXULQJPLQXWHVDWURRPWHP
SHUDWXUHDQGLQFXEDWHGLQGDUNQHVV8VLQJ89YLVL
EOH VSHFWURSKRWRPHWHU WKH DEVRUEDQFH ZDV UHDG DW
QP5DGLFDOVFDYHQJLQJDFWLYLW\ZDVH[SUHVVHG
DVSHUFHQWRILQKLELWLRQDQGZDVFDOFXODWHGXVLQJWKH
IROORZLQJIRUPXOD

'33+ >$EVRUEDQFHRI&RQWURO±$EVRUEDQFHRI
6DPSOH$EVRUEDQFHRI&RQWURO@[


,VRODWLRQ DQG SURSDJDWLRQ RI 709 9LUXV
LVRODWLRQDQGSURSDJDWLRQZDVFDUULHGRXWDVWKHIRO
ORZLQJWKDWDPHFKDQLFDOO\WUDQVPLVVLEOHYLUXVZDV
LVRODWHG IURP QDWXUDOO\ LQIHFWHG 7REDFFR SODQWV
JURZLQJ LQ $JULF 5HV (SHUP 6WDWLRQ RI 5$&
VKRZLQJPRVDLFPRWWOLQJQHFURVLVVLQJOHOHVLRQVH
ULDO SDVVDJH LQ Datura metel DV D ORFDO OHVLRQ KRVW
SODQW 7KH YLUXV ZDV SURSDJDWHG LQ Nicotiana tobacumFY:KLWHV%XUO\DQGPDLQWDLQHGLQWKHJUHHQ
KRXVH & IRUWKHVXEVHTXHQWH[SHULPHQWV

(IIHFW RI YLUXV LQIHFWLRQ RQ FHOO RUJDQHOOHV
)RU WKH VHURORJLFDO GHWHFWLRQ WKH OHDYHV VKRZLQJ
V\PSWRPVZHUHWHVWHGDJDLQVW709XVLQJFRQYHQ
WLRQDO GRXEOH DQWLERG\ VDQGZLFK HQ]\PH /LQNHG
LPPXQRVRUEHQWDVVD\ '$6(/,6$ >@ZKLFKRE
WDLQHGIURP6$12),6DQWH$QLPDOH3DULV)UDQFH
$EVRUEDQFH $  ZDV PHDVXUHG DW  QP LQ DQ
(/6$ PLFUR ZHOO UHDGHU '\QDWHFK ,PPXQRDVVD\
05   3RVLWLYH WKUHVKROG YDOXHV ZHUH VHW DW
WZLFHDYHUDJH YDOXH RI WKH QHJDWLYH FRQWURO ,QFL
GHQFH OHYHOVZHUH FRQVLGHUHG DV ZHOOSRVLWLYHZLWK
WRWDO QXPEHU RI VDPSOHV IRU HDFK SURYLQFH 709
ZDV DVVD\HG LQ WKH LQRFXODWHG DQG FRQWURO 'DWXUD
SODQWVE\(/,6$WHVWDIWHUWZRZHHNVRIWKHYLUXVLQ
IHFWLRQ

$QWLYLUDODFWLYLW\RISRPHJUDQDWHSHHOVDQG
WKHLUQDQRSDUWLFOHV7KHDQWLYLUDOLQIOXHQFHVRIWKH
SRPHJUDQDWHSHHOVDQGWKHLUQDQRSDUWLFOHVZHUHGRQH
E\ WKH H[WUDFWLRQV RI J RI WKH ERWK ZKLFK ZHUH
JURXQGLQWRILQHSRZGHUWKHQKRPRJHQL]HGLQ
PO RI  0 RI SKRVSKDWH EXIIHU S+   )RU
3313V SUHSDUDWLRQ WKH ILOWUDWHV ZHUH VRQLFDWHG DV
DERYHGHVFULSWLRQ>@7KHKRPRJHQDWHZDVILOWHUHG
WKURXJKGRXEOHOD\HUHGFKHHVHFORWK7KHILOWUDWHZDV
FHQWULIXJHGDW;JIRUPLQDW&WKHQGLOXWHG

WR     DQG  E\ WKH VDPH EXIIHU
ZKLFKXVHGDVDQWLYLUDODJHQWV
9LUXVLQRFXOXPZDVSUHSDUHGXVLQJWREDFFRLQ
IHFWHG OHDYHV VKRZLQJ PRVDLF V\PSWRPV ZKLFK
ZHUHKRPRJHQDWHVLQVDPHSKRVSKDWHEXIIHU S+
±P0 LQDSUHFKLOOHGSHVWOHDQGPRUWDU$IWHU
WKHKRPRJHQL]DWLRQWKHH[WUDFWZDVILOWHUHGWKURXJK
GRXEOHOD\HUGFKHHVHFORWKWKHQWKHVXSHUQDWDQWZDV
XVHGDVWKHVRXUFHRILQRFXOXP7KHHIILFDF\RIWKH
DQWLYLUDOH[WUDFWVDJDLQVW709LQIHFWLRQRQD. metel
ZDV FRQGXFWHG E\ VSUD\LQJ SODQWV H[WUDFWV DQ KRXU
EHIRUH 709LQRFXODWLRQ 2EVHUYDWLRQ RI GHYHORS
PHQW RI ORFDO OHVLRQV ZDV UHFRUGHG RQ WKH WKLUG WR
IRXUWK GD\ DIWHU WKH LQRFXODWLRQ 7KH SHUFHQWDJH RI
LQKLELWLRQ RI ORFDO OHVLRQ IRUPDWLRQ E\ HDFK WUHDW
PHQW RYHU WKH FRQWURO ZDV FDOFXODWHG EDVHG RQ WKH
QXPEHURIORFDOOHVLRQVSURGXFHGXVLQJWKHIROORZ
LQJIRUPXOD

,  &7 [ &

, LQKLELWLRQRIOHVLRQIRUPDWLRQRYHUFRQWURO
& 1RRIORFDOOHVLRQVLQFRQWURO
7 1RRIORFDOOHVLRQVLQWUHDWLQJSODQWV

$QDO\VLV RI 5$3' DQG ,665 PROHFXODU
PDUNHUV7KHSUHVHQWLQYHVWLJDWLRQRIEDQGLQJSDW
WHUQVLQWKHIRXUVDPSOHVRI'DWXUDSODQWVWKURXJK
5$3'DQG,665PROHFXODUPDUNHUVZDVFDUULHGRXW
DW &HQWHU RI ([FHOOHQFH RI %LRWHFKQRORJ\ 'HSDUW
PHQWRI$JULFXOWXUDO%LRWHFKQRORJ\&DLUR8QLYHU
VLW\

([WUDFWLRQ RI JHQRPLF '1$ 7RWDO JHQRPLF
'1$ZDVH[WUDFWHGIURP'DWXUDIUHVK\RXQJOHDYHV
XVLQJ &HW\OWULPHWK\O DPPRQLXP EURPLGH &7$% 
PHWKRGDVGHVFULEHG>@%ULHIO\WKHOHDYHVRI'D
WXUDVHHGOLQJVIURPHDFKFXOWLYDUZHUHSRZGHUHGLQ
OLTXLG QLWURJHQ XVLQJ D SHVWOH DQG PRUWDU 3UH
ZDUPHG & &7$%EXIIHU PO FRQWDLQLQJ
YY ȕPHUFDSWRHWKDQRODQGȝO3URWHLQDVH.ZDV
DGGHGWRHDFKPLFURFHQWULIXJHWXEH PO DQGYRU
WH[HV7KHWXEHVZHUHLQFXEDWHGDW&IRUPLQ
$Q HTXDO YROXPH RI FKORURIRUP LVRDP\ODOFRKRO
 ZDVDGGHGDQGFHQWULIXJHGDWUSPIRU
PLQDW&6XSHUQDWDQWZDVFDUHIXOO\GHFDQWHG
DQGWUDQVIHUUHGWRDQHZWXEH6XSHUQDWDQWZDVSUH
FLSLWDWHGZLWKYROXPHRIDEVROXWHDOFRKRO3UH
FLSLWDWHG SHOOHWV ZHUH ZDVKHG WZLFH ZLWK WKH 
HWKDQROWKHQDLUGULHGDQGUHVXVSHQGHGLQ7(EXIIHU
WR ILQDO FRQFHQWUDWLRQ RI  QJȝO XVLQJ 1DQR'URS
 7KHUPR)LVKHU6FLHQWLILF WREHXVHGLQSRO\
PHUDVHFKDLQUHDFWLRQ 3&5 DQGVWRUHGDW&

,QWHU VLPSOH VHTXHQFH UHSHDWV ,665V  7KH
JHQRPLF'1$ZDVDPSOLILHGXVLQJSULPHUOLVWHGLQ
7DEOH7HQSULPHUVIRU,665ZHUHXVHGLQWKHSUH
VHQWVWXG\1DPHVDQGVHTXHQFHVRIWKHVHOHFWHGSUL
PHUVDUHVKRZQLQ7DEOH7KH3&5DPSOLILFDWLRQ
ZDVDLPHGDWVHOHFWLRQRI,665SULPHUVJLYLQJIHZ
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GLVFUHWHODUJHEDQGVXVLQJVHYHUDODQQHDOLQJWHPSHU
DWXUHV$WRWDOYROXPHRI/FRQWDLQLQJ/RI
3&5 EXIIHU %LRPDWLN &DW 1R $   / RI
0J&O P0 /RIHDFK,665SULPHU/
RIP0G173V/RI7DT'1$SRO\PHUDVH
DQG/RI'1$DQGWKHUHDFWLRQZDVFRPSOHWHGWR
P/1XFOHDVHIUHHZDWHU3&5F\FOLQJFRQGLWLRQV
ZHUHDW&IRUPLQVF\FOHVRIGHQDWXULQJDW
& IRU PLQV DW WKH DQQHDOLQJ WHPSHUDWXUH DQG
HORQJDWLRQDW&IRUPLQXWHVDQGILQDOHORQJDWLRQ
DW&IRUPLQXWHV$OO3&5UHDFWLRQVZHUHSHU
IRUPHGZLWKWKHUPRF\FOHU0-PLQL37& %LR5DG 
5HVXOWRIHDFKDPSOLILFDWLRQUHDFWLRQZDVDQDO\]HG
RQDJDURVHJHOLQ;7%(EXIIHUDQGUXQDW
97KHUHDIWHUDPSOLILHGIUDJPHQWVZHUHYLVXDOL]HG
XVLQJDQXOWUDYLROHWWUDQVLOOXPLQDWRUDQGRQ9LGHR
&RS\3URFHVVRU

7$%/(
,665SULPHUVFRGHVDQGVHTXHQFHV
1DPH
6HTXHQFH ¶¶ 

$&7*$&7*$&7*$&7*7
,665
**$*7**7**7**7*
,665 &7&7&7&7&7&7&7&7 PHU 
,665 7*7*7*7*7*7*7*7*$ PHU
,665
$*$*$*$*$*$*$*$*<&
,665
*$*$*$*$*$*$*$*$$&
,665
&$&$&$&$&$&$$&
,665
&$&$&$&$&$&$*7
%
,665+%
&$&&$&&$&*&

,665+%
*$**$**$**&


5$3'3&5 5$3' SULPHUV FRGHV DQG VH
TXHQFHVZHUHOLVWHGLQ7DEOHZHUHXVHGWRFRQGXFW
3&5LQDWRWDOYROXPHP/$3&5FRFNWDLOFRQ
VLVWVRIȝ0SULPHUDQG[SRZHU7DT3&5PDVWHU

PL[ %LRWHNH FRUSRUDWLRQ  ZHUH SODFHG LQWR WXEHV
ZLWKQJRI'1$7KHUHDFWLRQUDQLQD&R\7HPS
&\FOHU,, &R\&RUSRUDWLRQ*UDVV/DNH86$ DQG
ZDVF\FOHGIRUF\FOHDW&IRUILYHPLQXWHVDQG
F\FOHVDW&IRURQHPLQXWHDQQHDOLQJWHPSHU
DWXUHIRUHDFKSULPHUIRUWZRPLQXWHVDQG&IRU
RQH PLQXWH )LQDO H[WLQFWLRQ ZDV DW & IRU WHQ
PLQXWHV
3&5SURGXFWVZHUHVXEMHFWHGWRHOHFWURSKRUH
VLV RQ  $JDURVH JHOV  FRQWDLQLQJ   HWK
LGLXPEURPLGH3RO\PRUSKLFEDQGVRI5$3'ZHUH
VFRUHGRQWKHEDVLVRIWKHEDQGPRELOLW\FOHDUEDQGV
ZHUHVFRUHGXVLQJ*HO'RF %LR5DG *HODQDO\VLV
SURJUDPDV  IRUSUHVHQFHDQG  IRUDEVHQFHLQ
DELQDU\GDWDIRUPWKHXQFOHDUXQLGHQWLILHGEDQGV
ZHUHH[FOXGHG

6WDWLVWLFDODQDO\VLV$OOILQGLQJVKDYHEHHQH[
SUHVVHGDVPHDQVWDQGDUGGHYLDWLRQ&RPSDULVRQV
ZHUHPDGHXVLQJ9DULDQFH$QDO\VLV $129$ 6WD
WLVWLFDODQDO\VLVZDVFRQGXFWHGXVLQJ6$6VRIWZDUH

7$%/(
5$3'SULPHUFRGHVDQGVHTXHQFHXVHGIRU
5$3'3&5
3ULPHUFRGH
3ULPHU6HTXHQFH ¶¶ 
23$
&$**&&&77&
23$
7*&&*$*&7*
23$
$*&&$*&*$$
23$
&$$$&*7&**
23$
*$&&$$7*&&
23%
*777&*&7&&
23%
**$&7**$*7
23%
**$&&&77$&
23&
77&*$*&&$*
23'
*$*$*&&$$&




),*85(
+57(0PLFURJUDSKRISRPHJUDQDWHSHHOVQDQRSDUWLFOHV
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5(68/76

7KHSRPHJUDQDWHSHHOVZHUHH[WUDFWHGE\SKRV
SKDWHEXIIHUS+DQGWKHKRPRJHQDWHVZHUHXVHG
LWVHOIRUDIWHUGHYHORSHGEDVHGRQWKHXOWUDVRXQGWKHQ
WKHWUDQVPLVVLRQHOHFWURQPLFURVFRS\ 7(0 DQDO\
VLVVKRZHGWKDWQDQRSDUWLFOHVVL]HUDQJHGIURPWR
QP )LJXUH 
9LUXV ZDV LVRODWHG DQG SXULILHG XVLQJ VXFFHV
VLYH ORFDO OHVLRQ WUDQVIHUV GHYHORSHG RQ D. metel
'DWXUD  OHDYHV DQG WKHQ XVHG WR LQRFXODWH N. tobacumFY:KLWH%XUO\DVSURSDJDWHGKRVWSODQW,Q
RFXODWHG SODQWV ZHUH NHSW XQGHU WKH REVHUYDWLRQ LQ
WKHJUHHQKRXVHDWWHPSHUDWXUHRI&DVDVRXUFH
RI LQRFXOXP (/,6$ WHVW FOHDUO\ GHPRQVWUDWHG WKDW
WKH YLUXV LV 709 8VLQJ (/,6$ WHFKQLTXH JUHDWO\
IDFLOLWDWHG WKH LGHQWLILFDWLRQ RI YLUXVHV >@ $OVR
+DPLOWRQHWDO>@OLVWQLQHYLUXVHVWKDWLQGXFHGLQ
FOXVLRQVWKDWDUHGLDJQRVWLFIRUWKHJURXS

RI QDQRSDUWLFOHV ZLWK WKH EDFWHULDO FHOO PHPEUDQH
ZKLFKLVQRUPDOO\FKDUJHGQHJDWLYHO\ )LJXUH 

3UR[LPDWH DQDO\VLV RI SRPHJUDQDWH SHHOV
DQGWKHLUQDQRSDUWLFOHV7KHSUR[LPDWHDQDO\VLVRI
SRPHJUDQDWH SHHOV DQG WKHLU QDQRSDUWLFOHV ZHUH
VKRZQLQ7DEOH7KHVHUHVXOWVVKRZHGLQVLJQLILFDQW
HIIHFWV RI PRLVWXUH FUXGH SURWHLQ WRWDO OLSLGV DVK
DQG WRWDO FDUERK\GUDWHV EHWZHHQ WKH SRPHJUDQDWH
SHHOV DQG WKHLU QDQRSDUWLFOHV 7KHVH PHDQ WKDW WKH
GLIIHUHQWHIIHFWVRIWKHSRPHJUDQDWHSHHOVDQGWKHLU
QDQRSDUWLFOHVUHODWHGWRWKHSK\VLFDOFKDUDFWHUL]HVRI
WKHERWKIUDFWLRQV

7$%/(
3UR[LPDWHDQDO\VLV JJ RISRPHJUDQDWH
SHHOVDQGWKHLUQDQRSDUWLFOHV
3DUDPHWHUV
33
3313V
0RLVWXUH
D
D
&UXGHSURWHLQ
D
D
D
7RWDOOLSLGV
 
D
D
7RWDOFDUERK\GUDWH   D
$VK
D
D
333RPHJUDQDWHSHHOV3313SRPHJUDQDWHSHHOVQDQR
SDUWLFOHVYDOXHVDUHPHDQ6'RIWKUHHUHSOLFDWHDQDO
\VHV7KHGLIIHUHQWOHWWHUVLQHDFKFROXPQUHSUHVHQWWKH
VLJQLILFDQWGLIIHUHQFHDWS



),*85(
3DUWLFOHVL]HGLVWULEXWLRQIRUSDUWLFOHVXVSHQ
VLRQV





),*85(
7KH]HWDSRWHQWLDOGLVWULEXWLRQIRUSDUWLFOH
VXVSHQVLRQV




&KDUDFWHUL]DWLRQ RI SRPHJUDQDWH SHHOV QD
QRSDUWLFOHV 3DUWLFOH VL]H DQG ]HWD SRWHQWLDO RI
3313V=HWDVL]HUDQDO\VLVZDVXVHGWRDQDO\]HWKH
PHDQVL]HDQGVL]HGLVWULEXWLRQRIHDFKEDWFKRIVXV
SHQVLRQ QDQRSDUWLFOHV 3URILOH RI WKH VL]H GLVWULEX
WLRQDVVKRZQLQ)LJXUH=HWDSRWHQWLDOLVVXUIDFH
FKDUJHWKDWE\HOHFWURVWDWLFUHSXOVLRQEHWZHHQSDUWL
FOHVFDQJUHDWO\LQIOXHQFHWKHSDUWLFOHVWDELOLW\LQVXV
SHQVLRQ,WFDQDOVRGHWHUPLQHWKHLQYLYRLQWHUDFWLRQ

6XJDUV FRPSRVLWLRQ RI 3RPHJUDQDWH SHHOV
DQGWKHLUQDQRSDUWLFOHV5HVXOWVSUHVHQWHGLQ7DEOH
 VKRZ WKDW WKH SRO\VDFFKDULGH H[WUDFWV RI SRPH
JUDQDWHSHHOVDQGWKHLUQDQRSDUWLFOHVFRPSRVHGIURP
JOXFRVHPDQQRVHJDODFWRVHUKDPQRVH[\ORVHJDO
DFOXURQLFDFLGDQGJOXFRXURQLFDFLGDVZHOODVDUDEL
QRVHZLWKDERXWWKHVDPHPRODUUDWLR*OXFRVHDQG
[\ORVHDUHWKHPDLQVXJDUVLQWKHSRPHJUDQDWHSHHOV
DQG WKHLU QDQRSDUWLFOHV 6XJDUV GLVFRYHUHG LQ IUXLW
SHHOZHUHFRQWURYHUVLDODPRQJVWXGLHVIURPGLIIHUHQW
FRXQWULHV,WVKRXOGEHQRWHGWKDWWKHVHH[SHULPHQWV
ZHUHSHUIRUPHGIRUGLIIHUHQWSXUSRVHVDQGWKXVGLI
IHUHQW H[WUDFWLRQ DQG GHWHFWLRQ SURWRFROV ZHUH IRO
ORZHGZKLFKFRXOGH[SODLQWKLVGLVDJUHHPHQW6RPH
VWXGLHVVKRZHGWKDWJOXFRVHDQGIUXFWRVHZHUHPDLQ
VXJDUVZKLOHRWKHUVIRXQG[\ORVHDQGDUDELQRVHWR
EHPDLQVXJDUV>@

7$%/(
6XJDUVFRPSRVLWLRQRI3RPHJUDQDWHSHHOVDQG
WKHLUQDQRSDUWLFOHV
6XJDUIUDFWLRQ
33
3313V
0RODUUDWLRFRPSRVLWLRQ 
*OXFRVH


0DQQRVH


*DODFWRVH


5KDPQRVH


;\ORVH


*OXFRXURQLFDFLG


*DWDFWRXURQLFDFLG


$UDELQRVH
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7RVKLKLNRHWDO >@UHSRUWHGWKDWWKHVXOIRQH
JURXS LQ WKH SRO\VDFFKDULGHV SURGXFHG JRRG LQIOX
HQFHRQWKHELRORJLFDODFWLYLW\RIWKHVHFRPSRXQGV
ZKLFKPD\EHGXHWRWKHQHJDWLYHFKDUJHVRIWKHVXO
IRQH JURXSV 7KHVH SRO\VDFFKDULGHV KDG SURWHFWLYH
HIIHFWVDVDQWLYLUDODJHQWVZKLFKLQKLELWVWKHYLUDO
LQIHFWLRQ YLD SUHYHQWLQJ WKH YLUXV DEVRUSWLRQ LQWR
SODQWFHOOV DOVR LQKLELW WKHSURGXFWLRQRIQHZYLUXV
LQVLGHWKHSODQWFHOOV>@7KHVHPD\EHGXHWRWKH
PRGHRIDFWLRQZKLFKGHSHQGHGWRWKHGHJUHHRIWKH
VXOIRQHJURXSVDQGPROHFXODUZHLJKW>@

$PLQR DFLG FRPSRVLWLRQ RI 3RPHJUDQDWH
SHHOV DQG WKHLU QDQRSDUWLFOHV 7KH SRPHJUDQDWH
SHHOVDQGWKHLUQDQRSDUWLFOHVFRQVLVWHGRIDPLQR
DFLGVIRUWKHERWK 7DEOH &\VWHLQH$VSDUWLFDFLG
3UROLQH $UJLQLQH DQG *OXWDPLF DFLG DUH WKH PRVW
DEXQGDQWDPLQRDFLGVLQSRPHJUDQDWHSHHO6LPLODU
UHVXOWVREWDLQHGE\5RZD\VKHGHWDO>@ZKRIRXQG
WKDWWKHPRVWDEXQGDQWDPLQRDFLGVLQORFDO(J\SWLDQ
SRPHJUDQDWHSHHOSRZGHUREWDLQHGIURPWKHPDUNHW
DQDO\]HG ZHUH JOXWDPLQH  J J  JO\FLQH
JJ DQGDVSDUWDWH JJ 

7$%/(
$PLQRDFLGVFRPSRVLWLRQ JJSURWHLQ RI
SRPHJUDQDWHSHHOVDQGWKHLUQDQRSDUWLFOHV
$PLQRDFLGV
33
3313V
*O\FLQH


$ODQLQH


6HULQH


&\VWHLQH


$VSDUWLFDFLG


*OXWDPLFDFLG


7KUHRQLQH


0HWKLRQLQH


/HXFLQH


,VROHXFLQH


7\URVLQH


3KHQ\ODODQLQH


/\VLQH


+LVWLGLQH


3UROLQH


$UJLQLQH



3ODQW SURWHLQV DUH ZLGHO\ GLVWULEXWHG WKURXJK
RXWSODQWNLQJGRPZHUHWKH5LERVRPH,QDFWLYDWLQJ
3URWHLQV 5,3V 7KHVH5,3VSURWHLQVLQKLELWLQJORFDO
OHVLRQ IRUPDWLRQ ZKLFK FDXVHG E\ YLUXV RU LQVHFWV
>@ DQG LQKLELWHG WKH SURWHLQ ELRV\QWKHVLV RI YLUDO
SURWHLQ>@ZKLFKLQKLELWHGWKHLQIHFWLRQRISODQWYL
UXVHV7KHSRPHJUDQDWHSHHOVSURWHFWHGSODQWVIURP
709LQIHFWLRQPD\EHGXHWRLQKLELWSURWHLQELRV\Q
WKHVLVLQWKHYLUXVLQIHFWHGSURWRSODVWVDQGWRNLOOWKH
FHOOV ZKLFK LV QRUPDOO\ XQDEOH WR SHQHWUDWH WKH
SODVPD PHPEUDQH RI XQLQIHFWHG SURWRSODVWV JDLQV
HQWUDQFHWRWKHF\WRVRORILQIHFWHGFHOOVDQGSUHYHQWV
YLUDO PXOWLSOLFDWLRQ E\ SRO\QXFOHRWLGHV VXEVWUDWHV
>@ $OVR PD\ EH GXH WR LQKLELW DQG LQWHUIHUHG DW

HDUO\VWHSHYHQWVRIYLUDOUHSOLFDWLRQDQGYLUXVDWWDFK
PHQWWRWKHFHOOVXUIDFH>@
7KH UHVXOWV VKRZHG LQVLJQLILFDQW GLIIHUHQFHV
EHWZHHQWKHSRPHJUDQDWHSHHOVDQGWKHLUQDQRSDUWL
FOHVIRUWKHSRO\VDFFKDULGHVDQGSURWHLQDQWLYLUDO,Q
ZKLFKSHHOVDQGWKHLUQDQRSDUWLFOHVUHVXOWVDERXWWKH
VDPHYDOXHVRIWKHFRPSRVLWLRQRIWKHLUSRO\VDFFKD
ULGHV PRQRVXJDUV DQGSURWHLQ DPLQRDFLGV 

7$%/(
7RWDOSKHQROLFVDQGWRWDOIODYRQRLGV PJJ 
DVZHOODVVFDYHQJLQJDFWLYLW\RI'33+RI
SRPHJUDQDWHSHHOVDQGWKHLUQDQRSDUWLFOHV
3DUDPHWHUV
33
3313V
D
7RWDO3KHQROLFV 
E
7RWDO)ODYRQRLGV D E
6FDYHQJ
 D E
LQJDFWLY SSP
LW\RI
 D E
'33+ SSP
 D E
SSP
9DOXHV DUH PHDQ  6' RI WKUHH UHSOLFDWH DQDO\VHV
7KHGLIIHUHQWOHWWHUVLQHDFKFROXPQUHSUHVHQWWKHVLJQLIL
FDQWGLIIHUHQFHDWS


7RWDO SKHQROV WRWDO IODYRQRLGV DQGDQWLR[L
GDQWDFWLYLW\RI3RPHJUDQDWHSHHOVDQGWKHLUQD
QRSDUWLFOHV 'DWD LQ 7DEOH  VKRZ WKDW KLJKHU
DPRXQWRISKHQROLFVDQGIODYRQRLGVZHUHREWDLQHGDW
VPDOO QDQRSDUWLFOHV VL]H WKDQ WKH FUXGH VDPSOHV RI
SRPHJUDQDWH SHHOV 8VLQJ XOWUDVRQLFDWLRQ PHWKRG
\LHOG KLJKHUYDOXHVRI DQWLR[LGDQW FRPSRXQGV WKDW
QDQRSDUWLFOHV VKRZHG PRUH WKDQ WZR WLPHV RI SKH
QROLFV DQG IODYRQRLGV YDOXH $W WKH VDPH WLPH WKH
IUHH UDGLFDOVFDYHQJLQJ DQWLR[LGDQW DFWLYLW\ XVLQJ
'33+ DVVD\  QRWLFHG WKDW VRQLFDWHG VDPSOHV KDG D
JUHDW IUHH UDGLFDO VFDYHQJLQJ DFWLYLW\ DQG VKRZHG
VLJQLILFDQWLQFUHDVHVLQWKHSHUFHQW'33+LQLQKLEL
WLRQ FRPSDUHG WR WKH QRQVRQLFDWHG VDPSOHV 7KH
'33+ZDVLQFUHDVHGIURPDERXWIRUSRPH
JUDQDWHSHHOVWRIRUWKHLUQDQRSDUWLFOHV7KH
DQWLR[LGDQW DFWLYLW\ LQFUHDVHG DV WKH FRQFHQWUDWLRQ
DQGVSUHDGLQJRIFRPSRXQGVLQFUHDVHGIRUQDQRSDU
WLFOHVSRPHJUDQDWHSHHOV7KHVHUHVXOWVDUHLQDJUHH
PHQW ZLWK SUHYLRXV UHVHDUFKHUV >@ ZKR UHSRUWHG
WKDWXOWUDVRQLFWUHDWPHQWHOHYDWHGWKHWRWDOSKHQROLFV
DQG IODYRQRLGV VLJQLILFDQWO\ FRPSDUHG WR WKH QRQ
VRQLFDWHG MXLFH 6LPLODU ILQGLQJV ZHUH UHSRUWHG IRU
NDVWXULOLPH>@DQGDSSOHV>@$OVRWRWDOSKH
QROLFVIODYRQRLGVDQGDQWKRF\DQLGLQVFRQWHQWVZHUH
KLJKHU LQ 3RPHJUDQDWH SHHO H[WUDFW WKDQ SXOS DQG
MXLFHH[WUDFWV>@,QDGGLWLRQSUYLRXVVWXGLHVFRQ
FOXGHGWKDWWKHUHLVDPDMRUDVVRFLDWLRQEHWZHHQWKH
VWURQJHVW DQWLR[LGDQW DFWLYLW\ RI GLIIHUHQW Punica
granatumH[WUDFWVDQGWKHKLJKHVWSKHQROLFDQGIOD
YRQRLGFRQWHQWRIWKHH[WUDFWDQGWKDWWKLVDQWLR[L
GDQWDFWLYLW\FDQEHOLQNHGWRWKHH[LVWHQFHRIVSHFLILF
IXQFWLRQDO JURXSV VXFK DV K\GUR[\O DQG FDUERQ\O
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>@3RPHJUDQDWHSHHOH[WUDFWFDQEHXVHGDVDQ
WLEDFWHULDODQWLR[LGDQWDQWLYLUXOHQFHDQGDQWLFDQFHU
GXH WR WKH SUHVHQFHRIHIIHFWLYH ELRDFWLYH FRQVWLWX
HQWVLQFOXGLQJIDWW\DFLGVRUJDQLFDFLGVSKHQROVDO
FRKROV RI SRO\SKHQROV DQG NHWRQH >@ 6HYHUDO
VWXGLHVKDYHVKRZQWKDWDWOHDVWVRPHRIWKHVHFRP
SRXQGVFRQWULEXWHWRWKHGLUHFWLQKLELWLRQRIEDFWHULDO
SDWKRJHQV DQG WKH JUHDWHU DFWLYLW\ RI DQWLR[LGDQWV
>@

7$%/(
+3/&DQDO\VLVRISKHQROLFFRPSRXQGVLQSRPH
JUDQDWHSHHOVDQGWKHLUQDQRSDUWLFOHV
33
3313V
3KHQROLF
PJ
FRPSRXQGV
 PJJ 
J
6\ULQJLFDFLG  


*DOOLFDFLG




&DWHFKLQ
 


&KORURJHQLF
 


DFLG
&DIILHFDFLG




'DLG]LQ




)HUXOLFDFLG




p&RXPDULF




DFLG
4XHUFHWLQ




*HQLVWHLQ




&LQQDPLFDFLG 



.DHPSIHURO




(XJHQRO




&KU\VLQ




1DULQJLQ




6LQDSLFDFLG  


5XWLQ
 


&RXPDULQ




5RVPDULQLFDLG 



7RWDO
  


+3/&RISKHQROLFFRPSRXQGVRI3RPHJUDQ
DWH SHHOV DQG WKHLU QDQRSDUWLFOHV 7KH SKHQROLF
FRPSRXQGVRISRPHJUDQDWHSHHOVDQGWKHLUVRQLFDWHG
QDQRSDUWLFOHVZHUHGRQHE\+3/&DQGWKHUHVXOWVDUH
SUHVHQWHGLQ7DEOH7KHUHVXOWVVKRZSKHQROLF
FRPSRXQGV ZHUH LGHQWLILHG DQG GHWHUPLQHG 7KH
FUXGH SHHOV RI SRPHJUDQDWH KDG SKHQROLF FRP
SRXQGV EXW VRQLFDWHG QDQRSDUWLFOHV RI WKHVH SHHOV
KDG  SKHQROLF FRPSRXQGV 3RPHJUDQDWH SHHOV
FRQWDLQHG ORZHU DPRXQW RI WRWDO SKHQROLF
PJJ  WKDQ WKHLU VRQLFDWHG QDQRSDUWLFOHV
PJJ $OVRWKHH[WUDFWRIWKHSRPHJUDQ
DWHSHHOVDQGWKHLUQDQRSDUWLFOHVFRQWDLQHGKLJKFRQ
FHQWUDWLRQV RI FDWHFKLQ  DQG  UHVSHF
WLYHO\6RPHSKHQROLFFRPSRXQGVVXFKDV V\ULQJLF
FKORURJQLFVLQDSLFDFLGV DQGUXWLQZHUHGHWHFWHGLQ
WKH VRQLFDWHG QDQRSDUWLFOHV SHHOV H[WUDFW EXW GRQ¶W
GHWHFWHGLQWKHSHHOVH[WUDFW$OOSKHQROLFVFRQVWLWX
HQWVZHUHLQFUHDVHGE\VRQLFDWLRQQDQRSDUWLFOHVWKDQ
WKRVHRIFUXGHSRPHJUDQDWHSHHOV,WPHDQVWKDWVRQ
LFDWLRQWUHDWPHQWLPSURYHGWKHFRQWHQWVRISKHQROLFV

FRQVWLWXHQWVZKLFKZDVLQJO\FRVLGLFIRUPEHIRUHWKH
VRQLFDWLRQ>@
7KHLQKLELWRU\HIIHFWVRISRPHJUDQDWHSHHOVDQG
WKHLU QDQRSDUWLFOHV RQ WKH YLUXV UHSOLFDWLRQ PD\ EH
GXH WR WKH KLJK FRQWHQW RI SRO\SKHQRO FRPSRXQGV
>@7KHSKHQROLFFRPSRXQGVVXFKDVFDWHFKLQ WKH
PDLQFRPSRXQGRISRO\SKHQRO .DHPSIHUROTXHU
FHWLQDQGRWKHURUWKHLUGHULYDWLYHVRUFRQMXJDWHGLQ
JO\FRVLGHVZLWKPRQRVXJDUVVXFKDVUKDPLQRVHRU
JOXFRXURQLFDFLGLQKLELWHGYLUXVUHSOLFDWLRQ>@DV
FRQFOXGHGIURPWKHSUHVHQWVWXGLHV7KHXVLQJRIEL
QDU\RIQDWXUDOFRPSRXQGV SRO\VDFFKDULGHVSURWHLQ
DQGDQWLR[LGDQWVDVDQWLYLUDODJHQW RUWKHLUPL[WXUH
RI SRPHJUDQDWH SHHOV PLJKW EH VXLWDEOH DQG XVHIXO
IRUWRSLFDODSSOLFDWLRQDJDLQVW709LQIHFWLRQ3RO\
SKHQROLFVDVDQWLR[LGDQWXVHGDVDQWLPXWDJHQLFDQ
WLEDFWHULDODQGDQWLYLUDODJHQWV>@
7KHSUHVHQWGDWDLQGLFDWHGRQWKHELQDU\DQWLR[
LGDQWV VXFK DV SKHQROLFV PL[WXUH VKRZHG GRVH GH
SHQGHQWDFWLYLW\DPRQJFRQFHQWUDWLRQVDQGFRPELQD
WLRQVRIUDGLFDODQWLR[LGDQWVVXFKDVSKHQROLFVFDWH
FKLQFRXPDULFDFLGFDIIHLFDFLGFKU\VLQTXHUFHWLQ
NDHPSIHURO«HWF VKRZHG JUHDWHU DFWLYLW\ DJDLQVW
709LQIHFWLRQDQGWKHLUR[LGDWLYHVWUHVV>@

7KH DQWLYLUDODFWLYLW\RI SRPHJUDQDWH SHHOV
DQG WKHLU QDQRSDUWLFOHV 7KH DQWLYLUDO DFWLYLW\ RI
SRPHJUDQDWHSHHOVDQGWKHLUVRQLFDWHGQDQRSDUWLFOHV
ZDV DVVHVVHG EDVHG RQ WKH QXPEHU RI ORFDO OHVLRQV
IRUPHGRQFRQWURODQGWUHDWHGD. metelSODQWV'DWD
LQ7DEOHVKRZWKDWWKHERWKH[WUDFWVDPSOHVZHUH
HIIHFWLYH LQ GHFUHDVLQJ WKH QXPEHU RI ORFDO OHVLRQV
IRUPHGE\WKHFKDOOHQJHLQRFXODWLRQRI709FRP
SDUHG ZLWK FRQWURO XQLQIHFWHG  SODQWV 7KH SRPH
JUDQDWH SHHOV QDQRSDUWLFOHV ZHUH PRUH HIIHFWLYH LQ
WKHUHGXFLQJOHVLRQVQXPEHUWKDQWKRVHRIWKHFUXGH
SRPHJUDQDWH SHHOV LQ DOO XVHG FRQFHQWUDWLRQV 7KH
KLJKHVWLQKLELWLRQLQQXPEHURIORFDOOHVLRQVIRUPHG
LQ'DWXUDSODQWVWUHDWHGE\3313VZDVLQFRP
SDULVRQ ZLWK 33 H[WUDFW   XVLQJ  GLOXWLRQ
ZKLFKZDVWKHPRVWHIIHFWLYHLQGHFUHDVLQJQXPEHU
RIORFDOOHVLRQVWKDQWKHRWKHUGLOXWLRQV,WLVFOHDUO\
GHPRQVWUDWHGLQWKHHIIHFWLYHQHVVRIWKHDQWLYLUDOH[
WUDFWV LQ UHGXFLQJ QXPEHU RI OHVLRQV IRUPHG RQ
WUHDWHGSODQWVZDVGRVHGHSHQGHQWRQWKHLQGXFWLRQ
RIUHVLVWDQFHWREHPD[LPXPZKHQLQGXFHUPROHFXOH
ZDVDSSOLHGRQSODQWVEHIRUHPLQRIYLUXVLQRF
XODWLRQ,QWKHSUHVHQWVWXGLHVFKDOOHQJHLQRFXODWLRQ
ZLWKYLUXVZDVGRQHRQHKRXUDIWHUWKHWUHDWPHQWV
7KHVDPHWUHQGVZHUHQRWLFHGE\0DGKDVXGKDQ
HW DO >@ LQ UHGXFLQJ 7RERPR9LUXVHV E\ VSUD\
WUHDWLQJQHHPRLO  ,QDGGLWLRQSUHYLRXVVWXG\
>@XVHGGLIIHUHQWH[WUDFWVDQGDFHWRQHSUHFLSLWDWLRQ
SURWHLQVIURPVL[PHGLFLQDOSODQWVDJDLQVW7RERPR
9LUXV 7KHLU UHVXOWV QRWLFHG WKDW SODQWV H[WUDFWV UH
GXFHG WKH 7REPR9LUXVHV LQIHFWLRQ ZKLFK VWLPX
ODWHGWKHSHUR[LGDVHDFWLYLW\EXWLQKLELWHGWKHFDWD
ODVHDFWLYLW\LQWKHVSUDLHGWUHDWHGSODQWV7KHKLJKHU
SODQWVSRVVHVVHQGRJHQRXVYLUXVLQKLELWLRQVLQZKLFK
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SURWHLQDFHRXV DQWLYLUDO VXEVWDQFHV DUH RI LQWHUHVW
>@
3RPHJUDQDWH SHHOV LQKLELWHG WKH 709 LQIHF
WLRQ ORZHU WKDQ WKHLU VRQLFDWHG QDQRSDUWLFOH 'DWD
LQGLFDWHG WKH QRQGHVWUXFWLYH HIIHFWV RI XOWUDVRXQG
RQ YLVXDO DQG FKHPLFDO SURSHUWLHV RI SRPHJUDQDWH
SHHOV ,W SOD\HG D VLJQLILFDQW UROH LQ HQKDQFLQJ WKH
DQWLYLUDOSURWHLQSRO\VDFFKDULGHVSKHQROLFVIODYR
QRLGV DQG DQWLR[LGDQW FDSDFLW\ ,QGHHG QDQRSDUWL
FOHVFDQLQFUHDVHVROXELOLW\DQGVWDELOLW\RIWKHSODQW
FRQVWLWXHQWV DQG HQKDQFH WKHLU DEVRUSWLRQ SURWHFW
WKHPIURPSUHPDWXUHGHJUDGDWLRQLQWKHKRVW,WH[
KLELWHG KLJK GHIHUHQWLDO XSWDNH HIILFLHQF\ LQ WDUJHW
FHOOVRUWLVVXHVRYHUQRUPDOFHOOVRUWLVVXHVWKURXJK
SUHYHQWLQJ WKHP IURP WKH SUHPDWXUHO\ LQFUHDVLQJ
ZLWK ELRORJLFDO HQYLURQPHQW HQKDQFHG SHUPHDWLRQ
DQGUHWHQWLRQHIIHFWRIGLVHDVHGWLVVXHVDQGLPSURY
LQJWKHLUFHOOXODUXSWDNHUHVXOWLQJLQGHFUHDVHGWR[
LFLW\ >@ 7KH PXOWLSOH ELRFKHPLFDO DFWLYLWLHV RI
SRPHJUDQDWHSHHOVDQGWKHLUVRQLFDWHGQDQRSDUWLFOHV
GHVHUYHIXUWKHULQYHVWLJDWLRQVDVSRWHQWLDOPXOWLWDU
JHWRULHQWHGUHPHGLHVIRU709LQIHFWLRQVDQGWKHLU
SDWKRORJLFDOFRQVHTXHQFHV>@

0ROHFXODU DVVD\ UHVXOWV ,QGLYLGXDO PDUNHUV
PD\QRWEHDEOHWRSURYLGHFRPSOHWHJHQRPHFRYHU
DJH $ FRPELQDWLRQ RI ,665 DQG 5$3' PDUNHUV

ZLOOWKHUHIRUHKHOSWRSURYLGHZKROHJHQRPHFRYHU
DJHDQGUHGXFHHUURUVLQJHQHWLFVLPLODULW\HVWLPDWLRQ
EDVHGRQDQ\RQHPDUNHUV\VWHPDORQH>@7KHXVH
RIDFRPELQDWLRQRIPROHFXODUPDUNHUVJLYHVDEHWWHU
XQGHUVWDQGLQJ RI JHQHWLF UHODWLRQVKLSV DPRQJ
FORVHO\UHODWHGIRXUVDPSOHVRI'DWXUDSODQWV7KHUH
IRUH'1$ILQJHUSULQWLQJRIDQWLYLUDOH[WUDFWVWUHDWHG
SODQWVZHUHFRQGXFWHGXVLQJERWK,665DQG5$3'
DQDO\VLV

8VLQJ,6653&57KHJHQHWLF,665DQDO\VLV
RI JHQRPLF '1$ RI WKH IRXU VDPSOHV RI 'DWXUD
SODQWV   709 SRPHJUDQDWH SHHO 33V  H[WUDFW
 709SRPHJUDQDWHSHHOQDQRSDUWLFOHV 3313V 
H[WUDFW  709LQIHFWHGDQG  709IUHHXVLQJ
D VHW RI WHQ SULPHUV QDPHG ,665 ,665 
,665 ,665 ,665 $ %
+%DQG+%ZHUHXVHGIRUDPSOLILFDWLRQVSH
FLILF QXFOHRWLGH IUDJPHQWV IURP JHQRPLF '1$ RI
VXFKWUHDWHGDQGFRQWUROSODQWVDPSOHV
5HVXOWV SUHVHQWHG LQ 7DEOHV   DQG LOOXV
WUDWHGE\)LJXUHHOXFLGDWHGFOHDUO\WKHJHQHWLFGLI
IHUHQFHVDPRQJWKHIRXU'DWXUDWUHDWHGVDPSOHVXQ
GHULQYHVWLJDWLRQ5HVXOWVVKRZWKDWWKHSUHVHQFHRI
PRQRPRUSKLFDQGSRO\PRUSKLFIUDJPHQWVWKDW
DSSHDUHGLQJHQRPLF'1$H[WUDFWHGIURPDOO'DWXUD



),*85(
,6653&5YDULDWLRQRI'1$JHQRPHDPRQJGLIIHUHQWWUHDWHG'DWXUDSODQWV70933VVHHGH[WUDFW
 7093313VH[WUDFW  DQGFRQWUROV709LQIHFWHG  DQG709IUHH  XVLQJ $ ,665 % ,665 & ,665
 ' ,665 ( ,665 ) ,665 * $ + % , +%DQG . +%SULPHUV0'1$
PDUNHU
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),*85(
3K\ORJHQHWLFWUHHRIWKHVLPLODULWLHVEHWZHHQWKH'1$ILQJHUSULQWLQJDQDO\VLVRI'1$JHQRPHDPRQJGLI
IHUHQWWUHDWHG'DWXUDSODQWVXVLQJ,6653&5SULPHUV

7$%/(
(IIHFWRISRPHJUDQDWHSHHOVDQGWKHLUQDQRSDUWLFOHVRQWKHLQIHFWLRQRI709
7UHDWPHQWLQKLELWLRQ
,QKLELWLRQ
3RPHJUDQDWHSHHOV SS 
SSQDQRSDUWLFOHV SS1V 

5DWLRRIGLOXWLRQ
1XPEHURI//
DWFRQWURO
1RI//
DWFRQWURO
&RQWURO
D

D


I

H

H

G


 

F


G

FG


F

E


E
///RFDOOHVLRQYDOXHVDUHPHDQ6'UHSUHVHQWVWKHPHDQRIVDPSOHV
7KHGLIIHUHQWOHWWHUVLQHDFKFROXPQUHSUHVHQWWKHVLJQLILFDQWGLIIHUHQFHDWS


7$%/(
7RWDODPSOLILHGIUDJPHQWV 7$)V SURGXFHGE\,6653&5DQDO\VLVRI'1$JHQRPHDPRQJGLIIHUHQW
WUHDWHG'DWXUDSODQWVXVLQJ,6653&5SULPHUV

7$)V
7UHDWHG'DWXUDSODQWV
&RQWURO'DWXUDSODQWV
,6653&5SULPHUV 7$)V
70933VH[WUDFW 7093313VH[WUDFW 709LQIHFWHG
709)UHH
,665





,665





,665





,665





,665





,665





$





%





+%





+%





7RWDO





33V3RPHJUDQDWHSHHOV3313V3RPHJUDQDWHSHHOVQDQRSDUWLFOHV
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7$%/(
1XPEHURIXQLTXHIUDJPHQWV 18)V SURGXFHGE\,6653&5DQDO\VLVRI'1$JHQRPHDPRQJGLIIHUHQW
WUHDWHG'DWXUDSODQWVXVLQJ,6653&5SULPHUV

7$)V
7UHDWHG'DWXUDSODQWV
&RQWURO'DWXUDSODQWV
,6653&5SULPHUV 18)V
70933VH[WUDFW 7093313VH[WUDFW 709LQIHFWHG
709)UHH
,665





,665


)  











,665

)  
,665





,665





$





%








+%

)  
+%





7RWDO





33V3RPHJUDQDWHSHHOV3313V3RPHJUDQDWHSHHOVQDQRSDUWLFOHV


7$%/(
6LPLODULWLHVEHWZHHQWKH'1$ILQJHUSULQWLQJDQDO\VLVRI'1$JHQRPHDPRQJGLIIHUHQWWUHDWHG'DWXUD
SODQWVXVLQJ,6653&5SULPHUV

7$)V
7UHDWHG'DWXUDSODQWV
&RQWURO'DWXUDSODQWV
6DPSOHV
7093313VH[WUDFW
70933VH[WUDFW 
709LQIHFWHG   709)UHH 

709EODFNVHHGH[WUDFW  




7091HHGH[WUDFW  




709LQIHFWHG  




709IUHH  




33V3RPHJUDQDWHSHHOV3313V3RPHJUDQDWHSHHOVQDQRSDUWLFOHV


SODQWV7KHVDPSOHVVKRZHGDYDULDWLRQLQWKHQXP
EHU RI DPSOLILHG IUDJPHQWV LH    DQG 
IUDJPHQWVRIVDPSOHVDQGUHVSHFWLYHO\ 7D
EOH 2XWRIWKHIRXUWHHQSRO\PRUSKLFIUDJPHQWVD
QXPEHURIIUDJPHQWV )  IRUVDPSOHV)  IRU
VDPSOHVDQG)  IRUVDPSOHV ZHUHUHFRUGHGDV
XQLTXHIUDJPHQWVXVLQJ,665,665DQG+%
,665SULPHUVUHVSHFWLYHO\ 7DEOHV 7KHKLJKHVW
VLPLODULWLHV ZHUH REVHUYHG EHWZHHQ VDPSOHV  
  DQG     7KH GHQGURJUDP RI WKH
SK\ORJHQHWLFWUHH )LJXUH VKRZHGWKDWWKHWUHDWHG
VDPSOHVZHUHLQWKHVDPHFOXVWHUZKLOHWKHFRQWURO
VDPSOHVIDOOWRJHWKHULQRQHFOXVWHU,QDGGLWLRQWKH
VDPSOHVZHUHVLPLODUWRHDFKRWKHUDVIROORZLQJ
DQG

8VLQJ5$3'3&57KHJHQHWLFDQDO\VLVRIJH
QRPLF'1$RIIRXUVDPSOHVRI'DWXUDSODQWV 
DQGDQG XVLQJEDVHGRQ3$5'3&5DQGDVHWRI
WHQSULPHUVFRGHV23$23$23$23
$23%23%23%23&DQG23
'ZHUHXVHGIRUDPSOLILFDWLRQVSHFLILFQXFOHRWLGH
IUDJPHQWV IURP JHQRPLF '1$ RI VXFK WUHDWHG DQG

FRQWUROSODQWVDPSOHV5HVXOWVSUHVHQWHGLQ 7DEOHV
 DQGLOOXVWUDWHGE\)LJXUHHOXFLGDWHGFOHDUO\
WKH JHQHWLF GLIIHUHQFHV DPRQJ WKH IRXU 'DWXUD
WUHDWHGVDPSOHVXQGHULQYHVWLJDWLRQ5HVXOWVVKRZHG
WKHSUHVHQFHVRIPRQRPRUSKLFDQGSRO\PRUSKLF
IUDJPHQWVWKDWDSSHDUHGLQWKH'1$H[WUDFWHGIURP
DOO'DWXUDSODQWV7KHVDPSOHVVKRZHGDYDULDWLRQLQ
WKH QXPEHU RI DPSOLILHG IUDJPHQWV LH  
DQG  IUDJPHQWV RI VDPSOHV  DQG  UHVSHF
WLYHO\ 7DEOH 2XWRIWKHIRXUWHHQSRO\PRUSKLF
IUDJPHQWV D QXPEHU RI  IUDJPHQWV  )    IRU
VDPSOHV  )   IRU VDPSOHV   )    )   DQG
)  IRUVDPSOHVZHUHUHFRUGHGDVXQLTXHIUDJ
PHQWV XVLQJ 23% 23% 23% DQG 23'
  5$3'3&5 SULPHUV UHVSHFWLYHO\ 7DEOH  
7KHKLJKHUVLPLODULWLHVZHUHREVHUYHGEHWZHHQVDP
SOHVDQG  DQGDQG   7DEOH 
7KHGHQGURJUDPRIWKHSK\ORJHQHWLFWUHH )LJXUH 
VKRZHG WKDW WKH WUHDWHG VDPSOHV ZHUH LQ WKH VDPH
FOXVWHUZKLOHWKHFRQWUROVDPSOHVIDOOWRJHWKHULQRQH
FOXVWHU,QDGGLWLRQWKHVDPSOHVZHUHOLNHHDFKRWKHU
DVIROORZVDQG
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),*85(
5DQGRPDPSOLILHGSRO\PRUSKLF 5$3' E\SULPHUV

$ 23$ % 23$ & 23$ ' 23$ ( 23$ ) 23% * 23% + 23% , 23&
DQG . 23'LQLQGLYLGXDO'DWXUDSODQWVRIGLIIHUHQWWUHDWHG70933VH[WUDFW  7093313VH[WUDFW  DQGFRQ
WUROV709LQIHFWHG  DQG709IUHH  0 PROHFXODUPDUNHU


7$%/(
7RWDODPSOLILHGIUDJPHQWV 7$)V SURGXFHGE\5$3'3&5DQDO\VLVRI'1$JHQRPHDPRQJGLIIHUHQW
WUHDWHG'DWXUDSODQWVXVLQJ5$3'3&5SULPHUV

7$)V
7UHDWHG'DWXUDSODQWV
&RQWURO'DWXUD3ODQWV
5$3'3&5
7$)V
SUHPLHUV
70933VH[WUDFW 7093313VH[WUDFW 709LQIHFWHG
709)UHH
23$





23$





23$





23$





23$





23%





23%





23%





23&





23'





7RWDO





33V3RPHJUDQDWHSHHOV3313V3RPHJUDQDWHSHHOVQDQRSDUWLFOHV
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),*85(
3K\ORJHQHWLFWUHHRIWKHVLPLODULWLHVEHWZHHQWKH'1$ILQJHUSULQWLQJDQDO\VLVRI'1$JHQRPHDPRQJGLI
IHUHQWWUHDWHG'DWXUDSODQWVXVLQJ5$3'3&5SULPHUV

7$%/(
1XPEHURIXQLTXHIUDJPHQWV 18)V SUHGLFWHGE\5$3'3&5DQDO\VLVRI'1$JHQRPHDPRQJGLIIHUHQW
WUHDWHG'DWXUDSODQWVXVLQJ5$3'3&5SULPHUV

7$)V
7UHDWHG'DWXUDSODQWV
&RQWURO'DWXUDSODQWV
5$3'3&5SUL
18)V
7093313VH[
PHUV
709LQIHFWHG
709)UHH
70933VH[WUDFW
WUDFW
23$





23$





23$





23$





23$






23%



)  



23%

)  


23%


)  
23&





23'


)  


7RWDO





33V3RPHJUDQDWHSHHOV3313V3RPHJUDQDWHSHHOVQDQRSDUWLFOHV


7$%/(
6LPLODULWLHVEHWZHHQWKH'1$ILQJHUSULQWLQJDQDO\VLVRI'1$JHQRPHDPRQJGLIIHUHQWWUHDWHG'DWXUD
SODQWVXVLQJ5$3'3&5SULPHUV

7$)V
7UHDWHG'DWXUDSODQWV
&RQWURO'DWXUDSODQWV
6DPSOHV
70933VH[WUDFW 7093313VH[WUDFW 709LQIHFWHG 709)UHH
70933VH[WUDFW  




7093313VH[WUDFW  




709LQIHFWHG  




709IUHH  




33V3RPHJUDQDWHSHHOV3313V3RPHJUDQDWHSHHOVQDQRSDUWLFOHV


&21&/86,21

$VDFRQFOXVLRQWKHUHVXOWVVKRZHGWKDWWKHUH
LVQRHIIHFWRIWHVWHGH[WUDFWVREWDLQHGIURPSRPH
JUDQDWHSHHOVRUWKHLUSRPHJUDQDWHSHHOVQDQRSDUWL
FOHVRQWKH'1$RI'DWXUDSODQWV$WWKHVDPHWLPH
WKH\LQKLELWHGYLUDOLQIHFWLRQWKLVPDGHWKHPVDIHDV
ELRORJLFDO VXEVWDQFHV FORXG EH XVHG IRU ELRORJLFDO
FRQWURORISODQWYLUXVHV

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

7KHDXWKRUVH[WHQGWKHLUDSSUHFLDWLRQWR'HSX
W\VKLSIRU5HVHDUFK ,QQRYDWLRQ0LQLVWU\RI(GX
FDWLRQLQ6DXGL$UDELDIRUIXQGLQJWKLVUHVHDUFKZRUN
WKURXJKWKHSURMHFWQXPEHU,)7
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>@$O\ $$ 0DQVRXU 070 0RKDPHG +,
  $VVRFLDWLRQ RI ,QFUHDVH LQ 6RPH %LR
FKHPLFDO &RPSRQHQWV ZLWK )OD[ 5HVLVWDQFH WR
3RZGHU\0LOGHZ*HVXQGH3IODQ]HQ±
>@$O\ $$ 0DQVRXU 070 0RKDPHG +,
$EG(OVDODP.$  ([DPLQDWLRQRI&RU
UHODWLRQVEHWZHHQ6HYHUDO%LRFKHPLFDO&RPSR
QHQWVDQG3RZGHU\0LOGHZ5HVLVWDQFHRI)OD[
&XOWLYDUV3ODQW3DWKRO-
>@$O\ $$ 0RKDPHG +, 0DQVRXU 070
2PDU 05   6XSSUHVVLRQ RI 3RZGHU\
0LOGHZRQ)OD[E\)ROLDU$SSOLFDWLRQRI(VVHQ
WLDO2LOV-3K\WRSDWKRO±
>@$VUDQ$$0RKDPHG+,  8VHRI3KH
QROV 3HUR[LGDVH DQG 3RO\SKHQROR[LGDVH RI
6HHG WR 4XDQWLI\ 5HVLVWDQFH RI &RWWRQ *HQR
W\SHVWR)XVDULXP:LOW'LVHDVH%DQJODGHVK-
%RW
>@$EGHO5DKLP ($ (O%HOWDJL +6  
&RQVWLWXHQWVRI$SSOH3DUVOH\DQG/HQWLO(GLEOH
3ODQWVDQGWKHLU7KHUDS\7UHDWPHQWVIRU%ORRG
3LFWXUH$V:HOO$V/LYHUDQG.LGQH\)XQFWLRQV
$JDLQVW /LSLGHPLF 'LVHDVH (-($)&KH
  
>@6KDOODQ 0$ (O%HOWDJL +6 0RQD $0
$PHUD706RKLU1$  (IIHFWRI$P
\ORVH&RQWHQWDQG3UH*HUPLQDWHG%URZQ5LFH
RQ6HUXP%ORRG*OXFRVHDQG/LSLGVLQ([SHUL
PHQWDO $QLPDO$XVW - %DVLF $SSO 6FL  

>@:X67LDQ/  'LYHUVH3K\WRFKHPLFDOV
DQG%LRDFWLYLWLHVLQWKH$QFLHQW)UXLWDQG0RG
HUQ )XQFWLRQDO )RRG 3RPHJUDQDWH 0ROHFXOHV

>@%DU<DDNRY,7LDQ/$PLU5+ROODQG'
 3ULPDU\0HWDEROLWHV$QWKRF\DQLQVDQG
+\GURO\]DEOH7DQQLQVLQWKH3RPHJUDQDWH)UXLW
)URQW3ODQW6FL
>@7HKUDQLIDU $ 6HODKYDU]L < .KDUUD]L 0
%DNKVK9-  +LJK3RWHQWLDORI$JUR,Q
GXVWULDO %\SURGXFWV RI 3RPHJUDQDWH Punica
Granatum/ $V7KH3RZHUIXO$QWLIXQJDODQG
$QWLR[LGDQW 6XEVWDQFHV ,QG &URSV 3URG 

>@2UJLO26FKZDUW](%DUXFK/0DWLW\DKX
,0DKDMQD-$PLU5  7KH$QWLR[LGD
WLYHDQG$QWL3UROLIHUDWLYH3RWHQWLDORI1RQ(G
LEOH2UJDQVRIWKH3RPHJUDQDWH)UXLWDQG7UHH
/:7)RRG6FL7HFKQRO
>@$P\UJLDODNL(0DXURPRXVWDNRV$0DNULV
'3.HIDODV3  2SWLPL]DWLRQRIWKH([
WUDFWLRQ RI 3RPHJUDQDWH Punica Granatum 
+XVN 3KHQROLFV 8VLQJ :DWHU(WKDQRO 6ROYHQW
6\VWHPV DQG 5HVSRQVH 6XUIDFH 0HWKRGRORJ\
,QG&URSV3URG
>@$EGHO5DKLP ($ (O%HOWDJL +6 5RPHOD
50  :KLWH%HDQ6HHGVDQG3RPHJUDQ
DWH 3HHO DQG )UXLW 6HHGV DV +\SHUFKROHVWHU
ROHPLF DQG +\SROLSLGHPLF $JHQWV LQ $OELQR
5DWV*UDVDV\$FHLWHV  

5()(5(1&(6

>@ 6FKROWKRI .%* $GNLQV 6 &]RVQHN +
3DOXNDLWLV3-DFTXRW(+RKQ7+RKQ%
6DXQGHUV . &DQGUHVVH 7 $KOTXLVW 3
+HPHQZD\ & )RVWHU * '   7RS 
3ODQW 9LUXVHV LQ 0ROHFXODU 3ODQW 3DWKRORJ\
0RO3ODQW3DWKRO±
>@ ,VODP:4DVLP01RPDQ$7D\\DE0
&KHQ6:DQJ/  0DQDJHPHQWRI7R
EDFFR 0RVDLF 9LUXV WKURXJK 1DWXUDO 0HWDER
OLWHV5HF1DW3URG±
>@ 0RKDPHG +, $NODGLRXV 6$  
&KDQJHV LQ $QWLR[LGDQWV 3RWHQWLDO 6HFRQGDU\
0HWDEROLWHV DQG 3ODQW +RUPRQHV ,QGXFHG E\
'LIIHUHQW )XQJLFLGHV 7UHDWPHQW LQ &RWWRQ
3ODQWV3HVW%LRFKHP3K\VLRO±
>@ 0RKDPHG +, (O%HOWDJL +6 $O\ $$
/DWLI ++   7KH 5ROH RI 6\VWHPLF DQG
1RQ6\VWHPLF)XQJLFLGHVRQWKH3K\VLRORJLFDO
DQG%LRFKHPLFDO3DUDPHWHUVLQ*RVV\SLXP+LU
VXWXP 3ODQW ,PSOLFDWLRQV IRU 'HIHQVH 5H
VSRQVHV)UHVHQ(QYLURQ%XOO
>@ 6RI\ $5 'DZRXG 5$ 6RI\ 05 0R
KDPHG +, +PHG $$ (O'RXJGRXJ 1.
 ,PSURYLQJ5HJXODWLRQRI(Q]\PDWLFDQG
1RQHQ]\PDWLF$QWLR[LGDQWVDQG6WUHVV5HODWHG
*HQH 6WLPXODWLRQ LQ &XFXPEHU 0RVDLF &X
FXPRYLUXV ,QIHFWHG &XFXPEHU 3ODQWV 7UHDWHG
ZLWK *O\FLQH %HWDLQH &KLWRVDQ DQG &RPELQD
WLRQ0ROHFXOHV
>@ (O%HOWDJL +6 0RKDPHG +, (OPHOHJ\
$$(OGHVRN\6(6DIZDW*  3K\WR
FKHPLFDO 6FUHHQLQJ $QWLPLFURELDO $QWLD[L
GDQW$QWLFDQFHU$FWLYLWLHVDQG1XWULWLRQDO9DO
XHVRI&DFWXV Opuntia Ficus,QGLFLD 3XOSDQG
3HHO)UHVHQ(QYLURQ%XOO
>@ (O%HOWDJL +6 0RKDPHG +, 6DIZDW *
*DPDO00HJDKHG%0+  &KHPL
FDO&RPSRVLWLRQDQG%LRORJLFDO$FWLYLW\RIPhysalis peruviana / *HVXQGH 3IODQ]HQ   

>@ (O%HOWDJL+60RKDPHG+,$EGHOD]HHP
$6 <RXVVHI 5 6DIZDW *   *&06
$QDO\VLV$QWLR[LGDQW$QWLPLFURELDODQG$QWL
FDQFHU $FWLYLWLHV RI ([WUDFWV IURP Ficus Sycomorus)UXLWVDQG/HDYHV1RW%RW+RUWL$J
URERW&OXM1DSRFD  
>@ +DPHG 00 $EG (O0REG\ 0$ .DPHO
07 0RKDPHG +, %D\RXPL $(  
3K\WRFKHPLFDODQG%LRORJLFDO$FWLYLWLHVRI7ZR
$VWHUDFHDH3ODQWVSenecio vulgarisDQGPluchea
dioscoridis L.3KDUPDFRORJ\RQOLQH
>@(O%HOWDJL +6 0RKDPHG +, 6DIZDW *
0HJDKHG%0+*DPDO0  (YDOXDWLRQ
RI 6RPH &KHPLFDO &RQVWLWXHQWV $QWLR[LGDQW
$QWLEDFWHULDODQG$QWLFDQFHU$FWLYLWLHVRIBeta
vulgaris/5RRW)UHVHQ(QYLURQ%XOO  
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>@6LQJK % 3DO - .DXU $6LQJK 1  
3KHQROLF&RPSRXQGVDV%HQHILFLDO3K\WRFKHP
LFDOV LQ 3RPHJUDQDWH Punica Granatum/ 
3HHO$5HYLHZ)RRG&KHP±
>@+RXVWRQ '0- %XJHUW -- 'HQ\HU 63
+HDUG &0   3RWHQWLDWHG 9LUXFLGDO $F
WLYLW\ RI 3RPHJUDQDWH 5LQG ([WUDFW 35(  DQG
3XQLFDODJLQ $JDLQVW +HUSHV 6LPSOH[ 9LUXV
+69  ZKHQ &R$GPLQLVWHUHG ZLWK =LQF ,, 
,RQV DQG $QWLYLUDO $FWLYLW\ RI 35( $JDLQVW
+69 DQG $FLFORYLUUHVLVWDQW +69 3/R6 2QH
  $UWLFOH,'H
>@'HYDWNDO6.-DLVZDO3-KD61%KDUDGZDM5
9LVZDV .1   $QWLEDFWHULDO $FWLYLW\ RI
$TXHRXV ([WUDFW RI 3RPHJUDQDWH 3HHO DJDLQVW
Pseudomonas Stutzeri ,VRODWHG IURP 3RXOWU\
0HDW-)RRG6FL7HFKQRO  
>@%DVVLUL-DKURPL 6   Punica granatum
3RPHJUDQDWH  $FWLYLW\ LQ +HDOWK 3URPRWLRQ
DQG&DQFHU3UHYHQWLRQ2QFRORJ\5HY
>@4X:3DQ=0D+  ([WUDFWLRQ0RG
HOLQJDQG$FWLYLWLHVRI$QWLR[LGDQWVIURP3RP
HJUDQDWH0DUF-)RRG(QJ  
>@(LNDQL0+*ROPRKDPPDG)+RPDPL66
  ([WUDFWLRQ RI 3RPHJUDQDWH Punica
granatum/ 6HHG2LO8VLQJ6XSHUKHDWHG+H[
DQH)RRG%LRSURG3URFHVV  
>@.KDOLO$$  %LRFKHPLFDO6WXGLHVRIWKH
6WXGLHVRIWKH$QWLR[LGDQW(IIHFWVRI3RPHJUDQ
DWHRQ+HSDWLF,QMXU\&RPSRXQGVLQ0DOH$GXOW
$OELQR5DWV06F$JULF6FL$JULF%LRFKHP
)DF$JULF&DLUR8QLY
>@+HOP\ :$ $EG$OOD +, $PHU + (O
6DIWH\ 00   &KHPLFDO &RPSRVLWLRQ
DQG,Q 9LWUR$QWLYLUDO $FWLYLW\ RIAzadirachta
Indica$-XVV 1HHP /HDYHVDQG)UXLWVDJDLQVW
1HZFDVWOH'LVHDVH9LUXVDQG,QIHFWLRXV%XUVDO
'LVHDVH9LUXV$XV-%DVLF$SSOL6FL

>@%KDW 5 .DPDUXGGLQ 16%& 0LQ7]H /
.DULP $ $   6RQLFDWLRQ ,PSURYHV
.DVWXUL /LPH Citrus Microcarpa  -XLFH 4XDO
LW\8OWUDVRQ6RQRFKHP  
>@$2$&   2IILFLDO 0HWKRGV RI $QDO\VLV
WK(GLWLRQ7KH$VVRFLDWLRQRI2IILFLDO$QD
O\WLFDO&KHPLVWV*DLWKHUVEXUJ0'86$
>@'XERLV 0 *LOOHV .$ +DPLOWRQ -.
5HEHUV 37 6PLWK )   &RORULPHWULF
0HWKRG IRU 'HWHUPLQDWLRQ RI 6XJDUV DQG 5H
ODWHG6XEVWDQFHV$QDO&KHP  
>@=KX : &KLX /&0 2RL 9(& &KDQ
3.6$QJ-U32  $QWLYLUDO3URSHUW\
DQG0RGHRI$FWLRQRID6XOSKDWHG3RO\VDFFKD
ULGH IURP Sargassum Patens $JDLQVW +HUSHV
6LPSOH[ 9LUXV 7\SH  ,QWHU - $QWLPLFURE
$JHQW  




>@6XGKDPDQL 65 7KDUDQDWKDQ 51 3UDVDG
06  ,VRODWLRQDQG&KDUDFWHUL]DWLRQRIDQ
([WUDFHOOXODU 3RO\VDFFKDULGH IURP Pseudomonas caryophylli &)5  &DUERK\G 3RO\P
  
>@(O6D\HG 2+ ,VPDLO 6$ $KPHG <0
$EG(O6DPHL0$VNHU006  6WXG
LHVRQWKH3URGXFWLRQRI6XOIDWHG3RO\VDFFKDULGH
E\ /RFDOO\ ,VRODWHG %DFWHULD (J\SW 3KDUPD
FHXW-
>@$2$&  2IILFLDOPHWKRGRI$QDO\VLVWK
(GLWLRQ $VVRFLDWLRQ RI 2IILFLDWLQJ $QDO\WLFDO
&KHPLVWV:DVKLQJWRQ'&.
>@6LQJOHWRQ 9/ 2UWKRIHU 5 /DPXHOD
5DYHQWyV 50   $QDO\VLV RI 7RWDO 3KH
QROVDQG2WKHU2[LGDWLRQ6XEVWUDWHVDQG$QWL
R[LGDQWVE\0HDQVRI)ROLQ&LRFDOWHX5HDJHQW
0HWKRGV(Q]\PRO
>@&KDQJ && <DQJ 0+ :HQ +0 &KHUQ
-&  (VWLPDWLRQRIWRWDO)ODYRQRLG&RQ
WHQWLQ3URSROLVE\7ZR&RPSOHPHQWDU\&RORU
LPHWULF0HWKRGV-)RRG'UXJ$QDO.  

>@0HUIRUW , :UD\ 9 %DUDNDW ++ +XVVHQ
6$01DZZDU0$0:LOOXKDQ*  
)ODYRQRO 7ULJO\FHULGHV IURP 6HHGV RI Nigella
sativa3K\WRFKHP  
>@3DUN +5 3DUN ( 5LP $5 -HRQ .,
+XDQJ-+/HH6&  $QWLR[LGDQW$F
WLYLW\ RI ([WUDFWV IURP $FDQWKRSDQD[ VHQWL
FRVXV$IU-%LRWHFKQRO  
>@&ODUN 0) $GDPV $1   &KDUDFWHULV
WLFV RI WKH 0LFURSODWH 0HWKRG RI (Q]\PH
/LQNHG,PPXQRVRUEHQW$VVD\IRUWKH'HWHFWLRQ
RI 3ODQW 9LUXVHV -*HQHUDO 9LURO    

>@'R\OH -- 'R\OH -/   $ 5DSLG '1$
,VRODWLRQ 3URFHGXUH IRU 6PDOO 4XDQWLWLHV RI
)UHVK/HDI7LVVXH3K\WRFHP%XOO
>@ +XOO 5   0DWWKHZV  3ODQW 9LURORJ\ WK
HG$FDGHPLF3UHVV/RQGRQ
>@+DPLOWRQ 5, (GZDUGVRQ -5 )UDQFNL
5,%+VX+7+XOO5.RHQLJ50LOQH
5*   *XLGHOLQHV IRU WKH ,GHQWLILFDWLRQ
DQG &KDUDFWHUL]DWLRQ RI 3ODQW 9LUXVHV - *HQ
9LURO.  
>@+DVQDRXL 1 :DWKHOHW % -LPpQH]$UDXMR $
 9DORUL]DWLRQRI3RPHJUDQDWH3HHOIURP
&XOWLYDUV'LHWDU\)LEHU&RPSRVLWLRQ$QWL
R[LGDQW &DSDFLW\ DQG )XQFWLRQDO 3URSHUWLHV
)RRG&KHP±
>@7RVKLKLNR7$PRUQUXW&5REHUW-/  
6WUXFWXUH DQG 6XOIDWHG 3RO\VDFFKDULGHV 7UHG
QGV*O\FRVFL*O\FRWHFKQRO  
>@=KDQJ<%XW33+2RL9(&;X+;
'HODQH\ *' /HH 6+ /HH 6)  
&KHPLFDO 3URSHUWLHV 0RGH RI $FWLRQ DQG LQ
YLYR$QWL+HUSHV$FWLYLWLHVRID/LJQLQ±&DUER
K\GUDWH&RPSOH[IURPPrunella vulgaris$QWL
YLUDO5HV  



E\363

9ROXPH±1RSDJHV

)UHVHQLXV(QYLURQPHQWDO%XOOHWLQ


>@0DNDUHQNRYD ,' %HVHGQRYD 11 =DSR
UR]KHWV 76   $QWLYLUDO $FWLRQ 2I 6XO
IDWHG 3RO\VDFFKDULGHV $QWLELRW .KLPLRWHU
  
>@5RZD\VKHG * 6DODPD $ $EXO)DGO 0
$NLOD+DP]D60RKDPHG($  1X
WULWLRQDO DQG &KHPLFDO (YDOXDWLRQ IRU SRPH
JUDQDWH Punica granatum/  )UXLW 3HHO DQG
6HHGV 3RZGHUV E\ 3URGXFWV 0LGGOH (DVW -
$SSO6FL±
>@+HOPL$0RKDPHG+,  %LRFKHPLFDO
DQGXOWXUDVWXUFWXUDOFKDQJHVRIVRPHWRPDWRFXO
WLYDUVWRLQIHVWDWLRQZLWK$SKLVJRVV\SLL*ORYHU
+HPLSWHUD $SKLGLGDH  DW 4DO\XEL\D (J\SW
*HVXQGH3IODQ]HQ±
>@6WLUSH)%DWWHOOL0*  5LERVRPH,QDF
WLYDWLQJ3URWHLQV3URJUHVVDQG3UREOHPV&HOO
0ROHFX/LIH6FL  
>@%DGDP/-RVKL63%HGHNDU66   ,Q
YLWUR $QWLYLUDO$FWLYLW\RI1HHP Azadirachta
Indica $ -XVV  /HDI ([WUDFW DJDLQVW *URXS %
&R[VDFNLHYLUXVHV-&RPPXQL'LV  

>@$OLJKRXUFKL+5%DU]HJDU06DKDUL0$
$EEDVL 6  (IIHFW RI6RQLFDWLRQ RQ$Q
WKRF\DQLQV7RWDO3KHQROLF&RQWHQWDQG$QWLR[
LGDQW&DSDFLW\RI3RPHJUDQDWH-XLFHV,QW)RRG
5HV-  
>@$ELG 0 -DEEDU 6 :X 7 +DVKLP 0 0
+X%/HL6=KDQJ;=HQJ;  (I
IHFWRI8OWUDVRXQGRQ'LIIHUHQW4XDOLW\3DUDP
HWHUV RI $SSOH -XLFH 8OWUDVRQ 6RQRFKHP
  
>@$ELG 0 -DEEDU 6 +X % +DVKLP 0 0
:X 7 :X = .KDQ 0$ DQG =HQJ ;
  6\QHUJLVWLF ,PSDFW RI 6RQLFDWLRQ DQG
+LJK+\GURVWDWLF3UHVVXUHRQ0LFURELDODQG(Q
]\PDWLF,QDFWLYDWLRQRI$SSOH-XLFH/:7)RRG
6FL7HFKQRO.  
>@'LDV ''5& %DUURV =03 GH &DUYDOKR
&%2+RQRUDWR)$*XHUUD1%$]RXEHO
30   (IIHFW RI 6RQLFDWLRQ RQ 6RXUVRS
-XLFH 4XDOLW\ /:7)RRG 6FL 7HFKQRO.  

>@*|]OHNoL ù 6DUDoR÷OX22QXUVDO (g]JHQ
0  7RWDO3KHQROLF'LVWULEXWLRQ2I-XLFH
3HHO DQG 6HHG ([WUDFWV RI )RXU 3RPHJUDQDWH
&XOWLYDUV3KDUPDFRJQ0DJ  ±
>@%HONDFHP 1 'MD]LUL 5 /DKID ) (O+DFL
,$ %RXFKHULW =   3K\WRFKHPLFDO
6FUHHQLQJ DQG LQ YLWUR $QWLR[LGDQW $FWLYLW\ RI
9DULRXV3XQLFD*UDQDWXP/3HHO([WUDFWVIURP
$OJHULD $ &RPSDUDWLYH 6WXG\ 3K\WRWKpUDSLH
  ±






>@0HNQL0.KDUURXEL:)ODPLPL**DUUDE
00DVWRXUL0+DPPDPL0  &RP
SDUDWLYH 6WXG\ EHWZHHQ ([WUDFWV RI 'LIIHUHQW
3RPHJUDQDWH 3DUWV ,VVXHG IURP )LYH 7XQLVLDQ
&XOWLYDUV Punica Granatum / 3K\WRFKHPLFDO
&RQWHQW 9RODWLOH &RPSRVLWLRQ DQG %LRORJLFDO
$FWLYLW\,QW-&XUU0LFURELRO$SSO6FL  

>@$ERX(O1RXU00  )XQFWLRQDO3URSHU
WLHV DQG 0HGLFDO %HQHILWV RI 3RPHJUDQDWH
Punica Granatum/ 3HHOV$V$JUR,QGXVWULDO
:DVWHV(J\SW-([S%LRO %RW   ±

>@$O+XTDLO$$(OJDDO\*$,EUDKLP00
 ,GHQWLILFDWLRQRI%LRDFWLYH3K\WRFKHPL
FDO IURP 7ZR 3XQLFD 6SHFLHV 8VLQJ *&±06
DQG(VWLPDWLRQRI$QWLR[LGDQW$FWLYLW\RI6HHG
([WUDFWV6DXG-%LRO6FL  ±
>@+DVDQ$05HGKD$$0DQGHHO4  
3K\WRFKHPLFDO ,QYHVWLJDWLRQV RI 3RPHJUDQDWH
Punica Granatum 5LQGDQG$ULO([WUDFWVDQG
WKHLU $QWLR[LGDQW $QWLGLDEHWLF DQG $QWLEDFWH
ULDO$FWLYLW\1DW3URG&KHP5HV  
>@/L<*XR&<DQJ-:HL-;X-&KHQJ
6  (YDOXDWLRQRI$QWLR[LGDQW3URSHUWLHV
RI 3RPHJUDQDWH 3HHO ([WUDFW LQ &RPSDULVRQ
ZLWK 3RPHJUDQDWH 3XOS ([WUDFW )RRG &KHP
  
>@5DKPDQL $+ $O\ 60 $OL + %DELNHU
$< 6ULNDU 6   7KHUDSHXWLF (IIHFWV RI
'DWH)UXLWV Phoenix Dactylifera LQWKH3UHYHQ
WLRQRI'LVHDVHVYLD0RGXODWLRQRI$QWL,QIODP
PDWRU\$QWL2[LGDQWDQG$QWL7XPRXU$FWLY
LW\,QW-&OLQ([SHU0HG  $UWLFOH,'
>@.XPDU63DQGH\$.  &KHPLVWU\DQG
%LRORJLFDO $FWLYLWLHV RI )ODYRQRLGV $Q 2YHU
YLHZ 6FL:RUOG-$UWLFOH,'
>@0DGKXVXGKDQ .1 1DOLQL 06 3UDNDVK
+6 6KHWW\ +6   (IIHFW RI ,QGXFHUV
DJDLQVW 7REDPRYLUXV ,QIHFWLRQ LQ 7RPDWR DQG
%HOO3HSSHU,QW-%RW  
>@'HHSWKL1  (IIHFWRI3ODQW([WUDFWVDQG
$FHWRQH3UHFLSLWDWHG3URWHLQVIURP6L[0HGLFL
QDO3ODQWV$JDLQVW7REDPR9LUXV,QIHFWLRQ 1
'HHSWKL³.10DGKXVXGKDQ³$&8GD\6KDQ
NDU³+ %KXYDQHQGUD .XPDU³+6 3UDNDVK DQG
³+6 6KHWW\ 'HSDUWPHQW RI )HUPHQWDWLRQ DQG
%LR(QJLQHHULQJ &HQWUDO )RRG,QW - 9LURO
  
>@%DODVXEUDKPDQ\DP $ %DUDQZDO 9. /R
GKD0/9DUPD$.DSRRU+&  3X
ULILFDWLRQ DQG 3URSHUWLHV RI *URZWK 6WDJH'H
SHQGHQW $QWLYLUDO 3URWHLQV IURP WKH /HDYHV RI
&HORVLDFULVWDWD3ODQW6FL  
>@$OLJKRXUFKL+5%DU]HJDU06DKDUL0$
$EEDVL 6  (IIHFW RI6RQLFDWLRQ RQ$Q
WKRF\DQLQV7RWDO3KHQROLF&RQWHQWDQG$QWLR[
LGDQW&DSDFLW\RI3RPHJUDQDWH-XLFHV,QW)RRG
5HV-  
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>@'DYLHUZDOD $3 &KRZGDUL .9 .XPDU 6
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&255(6321',1*$87+25
+RVVDP6(O%HOWDJL
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ABSTRACT
Ghrelin is an appetite-enhancing anabolic hormone secreted from the stomach. Angiotensin II
maintains sodium and potassium levels in body fluids and plays a very important role in the regulation
of arterial blood pressure. Although their relationship with Type 2 diabetes and complications have
been reported, their role in diabetic nephropathy is
not fully understood. We investigated time dependent possible changes in plasma ghrelin and angiotensin II levels during the development and progression
of diabetic nephropathy in experimental diabetic rat
model. Adult 63 male Wistar Albino rats were randomly divided into 9 groups as 4 control (C1-C4), 4
diabetic (D1-D4) and one treatment (T) group.
Group D1, sacrificed by cardiac puncture one
week after diabetes, group D2 three weeks later,
group D3 six weeks later, and groups D4 and T eight
weeks later. Antidiabetic treatment was not administered to the D1-D4 group diabetic rats. Group T diabetic rats were treated with antidiabetic metformin
(100 mg / kg / day) for 8 weeks. A single dose of 35
mg / kg intraperitoneal streptozotocin was administered to the rats to induce diabetes. Significant differences were found between the D4 and C4 groups
in body weight, plasma glucose, ghrelin and angiotensin II, serum and urine creatinine levels. While
there was a linear (positive) relationship between
plasma ghrelin levels of all rats and urinary creatinine and creatinine clearance and body weight, negative correlations were found between plasma
ghrelin and angiotensin II levels and fasting blood
glucose levels of all rats. During the progression of
diabetes and the development of diabetes-related
nephropathy, plasma angiotensin and serum creatinine levels increased, while plasma ghrelin levels decreased over time. Therefore, it was concluded that
changes in plasma ghrelin and angiotensin II levels
in diabetic rats may be associated with the pathogenesis of diabetic nephropathy.

INTRODUCTION
Diabetes is increasing rapidly in the world, especially in developing countries. It has become one
of the biggest health problems of the 21st century.
Diabetic nephropathy (DN) is one of the common
microvascular complications of diabetes and is
among the leading causes of end-stage renal failure.
Proteinuria and nephropathy typically develop in diabetic patients with untreated microalbuminuria.
This process applies to both type 1 and type 2 diabetics [1]. Nephropathy has been reported in approximately 20 to 30% of patients with type 1 or type 2
diabetes with microalbuminuria [2].
The pathophysiological mechanisms of diabetic nephropathy have not yet been fully clarified.
It has been explained that many metabolic, genetic
and hemodynamic factors are related to DN pathogenesis. In recent years, evidence has been found
that the renin-angiotensin-aldosterone system (RAS)
has a very important role in the pathogenesis of DN
[2]. Angiotensin II may cause both capillary damage
and proteinuria especially by increasing intraglomerular pressure with a strong vasoconstrictor effect on
kidney efferent arterioles [2]. Angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARB) have been shown to be reno-protective regardless of their blood pressure lowering
effects. According to Zatz et al., ACE inhibition prevents the development of experimentally induced diabetic nephropathy [3]. Indeed, since both ACE inhibitors and ARBs reduce the risk of developing
macroalbuminuria in patients with microalbuminuria by 60-70%, these drugs are recommended for
first-line pharmacological treatment of microalbuminuria even in patients without hypertension [1,4].
Ghrelin is a peptide hormone made up of 28
amino acids. It was first detected in a mouse stomach
after a study conducted in 1999 by Kojima et al. [5].
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However; It has been found that ghrelin is synthesized in many organs such as intestine, kidney, heart
pancreas and placenta [6-8]. Numerous studies have
been done on their physiological effects. It has been
shown to exhibit significant effects on the cardiovascular and gastrointestinal tract in nutrition, carbohydrate metabolism, secretion of growth hormone
(GH) and cell proliferation [9-13]. Plasma ghrelin
levels were found to be significantly lower in individuals with high insulin resistance, obese and type
2 diabetics [14-16]. In new-born diabetic rats treated
with ghrelin, plasma insulin levels increase and diabetes symptoms are relieved [17]. In a clinical study
conducted by Hiroaki et al. In 2007, plasma ghrelin
concentration was increased in patients with DN
[18].
Inhibition of intrarenal ghrelin receptors corrects angiotensin-dependent hypertension in rats
[19].Ghrelin can prevent renal damage induced by
angiotensin II in mice [20]. Ghrelin inactivates saltinduced hypertension in rats by increasing renal nitric oxide production and diuresis [21].
The available information is not sufficient to
fully explain the role of angiotensin II and ghrelin in
the pathogenesis of DN. We investigated in streptozotocin induced diabetic rats possible time-depended
changes in plasma angiotensin II and ghrelin levels
and the relationship between these two parameters
during the development of DN. In addition, we investigated whether there is a relationship between
possible changes in time in plasma angiotensin II and
ghrelin levels and kidney function.

D4), 4 control (C1-C4) and 1 treatment group (T), 7
of each. Control and diabetic rats were fed normal
diet and tap water without any restrictions in stainless steel cages at 22 ± 2 ºC for 12 hours of light and
12 hours of darkness. After diabetes was created in
the treatment group, rats were treated orally with 100
mg / kg / day metformin added to drinking water for
8 weeks. D1 group diabetic rats were sacrificed together with their control groups at week 1, group D2
at week 3, group D3 at week 6, group D4 and T at
week 8, respectively.
Obtaining Urine and Blood Samples. The
rats were placed in metabolic cages the day before
sacrificing and 24-hour urine samples were taken.
Body weights were determined just before the experiment was terminated and fasting blood glucose levels were measured. Following a 12-hour fast, rats
were sacrificed by cardiac puncture under ether anaesthesia. Urine and blood samples were kept at -80
° C until analysis.
Measurement of Parameters. Plasma
Ghrelin. Plasma Ghrelin levels were determined by
the Sandwich ELISA immune method using the
"SunRed Ghrelin ELISA" Rat kit.
Plasma Angiotensin II. Plasma Angiotensin II
levels were measured using the Sandwich ELISA
immunoassay using the "SunRed (ANG-II) ELISA
Rat" kit.
Serum and Urine Creatinine. Serum and
urine creatinine levels were determined using the
Sandwich ELISA immunoassay using the "SunRed
Rat (Creatinin) ELISA" Rat kit.

MATERIALS AND METHODS
Animals. In this study, 63 male Wistar Albino
rats weighing 300-490 g 8-10 weeks old were used.
Animals were provided by Dicle University Dr. SaEDKDWWLQ 3D\]ÕQ +HDOWK 6FLHQFHV 5HVHDUFK DQG $S
plication Center. The study was started after the approval of the Experimental Animals Local Ethics
Committee dated 28.06.2018 and numbered 2.

Statistical analysis. SPSS 20 version package
program was used in the computer environment for
statistical analysis of the results. Mann-Whitney U
Test was used to determine bilateral relations between the groups. Spearman correlation test was
used to evaluate the relationships between parameters.

Creation of the Diabetic Rat Model. To create diabetes, rats were administered intraperitoneally, 35 mg / kg single dose of STZ solution prepared
in citrate buffer. Control rats were injected with a
single dose of placebo (citrate buffer) into the abdominal cavity. In the first 24 hours, 10 g / dl glucose
was added to the drinking water of the rats to prevent
hypoglycaemia. In the following days, water and
feed intake of rats were released. Fasting glucose
levels were measured with glucometer in blood samples taken from tail veins after 72 hours, and those
with fasting blood glucose 14 mmol / dl (250 mg /
dl) or above were considered diabetic.

RESULTS
Metabolic features of animals. Weekly body
weight changes of all groups are shown in Figure: 1.
Fasting blood sugar increased significantly in diabetic rats with STZ (Figure 2). However, in diabetic
rats, their body weight gradually decreased over the
course of their baseline values for eight weeks. Metformin treatment could not prevent diabetes-related
decrease in body weight completely (Figure 1).
It was observed that weight levels decreased as
diabetes progressed in diabetic groups (Figure 1).
In diabetic rats, fasting blood glucose levels increased gradually from the first week onwards. The

Experiment Procedure. Wistar Albino rats
were randomly divided into 9 groups, 4 diabetic (D1-
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FIGURE 1
Body Weight Changes of All Groups (g)
C: Control group, D: Diabetic group T: Treatment group b: Compared with the initial weight p<0.01.
d: Compared to D-1; p<0.05. e: Compared to D-1; p<0.01. g: Compared to D-2; p<0.05.

FIGURE 2
Final Fasting Blood Sugar (mg/dl)
C: Control group D: Diabetic group T: Treatment group, b: Compared to Control group; p<0.01.
d: Compared to D-1; p<0.05. e: Compared to D-1; p<0.01. h: Compared to D-2; p<0.01.

highest increase occurred in the eight-week diabetic
groups D4 and T.

to control values until week 3, but then decreased
gradually In diabetic rats, plasma ghrelin levels decreased from an average of 1280 pg / ml in the first
week to 1030 pg / ml in the first week (Figure 3).

Plasma ghrelin levels. Plasma ghrelin levels in
diabetic rats did not change significantly compared
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FIGURE 3
Plasma Ghrelin Level (pg/ml)
C: Control group D: Diabetic group T: Treatment group b: Compared to Control group; p<0.01.
d: Compared to D-1; p<0.05.

FIGURE 4
Plasma Angiotensin II Level (ng/L)
C: Control group D: Diabetic group T: Treatment group, b: Compared to Control group; p<0.01. e: Compared
to D-1; p<0.01. h: Compared to D-2; p<0.01. j: Compared to D-4; p<0.01

Antidiabetic metformin treatment completely prevented the decrease in plasma ghrelin due to diabetes
(Figure 3).
Although there was no significant change in
plasma ghrelin levels until the 3rd week (D-1 and D2), a gradual decrease was observed over longer periods (D-3 and D-4).

Metformin treatment partially prevented the elevation of plasma Angiotensin II level in diabetic rats
(Figure 4).
Plasma angiotensin level gradually increased in
diabetic groups.
Urine creatinine level. In diabetic rats, urine
creatinine levels were significantly reduced as the diabetes progressed compared to the control values
(Figure 5). In diabetic rats, urinary creatinine level
decreased from an average of 21.2 mg / 24 hours in
the first week to 12.6 mg / 24 hours in the eighth
week (Figure 5). However, in diabetic rats treated

Plasma Angiotensin II levels. Plasma angiotensin II levels in the diabetic groups started to increase gradually from the first week compared to the
control groups and increased 30% compared to the
baseline value at the end of the 8th week (Figure 4).
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FIGURE 5
Urine Creatinine Level (mg/24h)
C: Control group D: Diabetic group T: Treatment group b: Compared to Control group; p<0.01. d: Compared to D-1;
p<0.05.

with metformin, the failure of urinary creatinine removal did not completely return to normal.
In diabetic rats, there was a rapid decrease in
urinary creatinine level (12.6mg / 24h in the D4
group, 14.5mg / 24h in the T group), especially in the
eighth week.

It was observed that serum creatinine levels increased in the diabetic groups, especially in the
eighth week.
Creatinine clearance. In diabetic groups, creatinine clearance decreased significantly as diabetes
progressed (Figure 7). In the eighth week, creatinine
clearance of diabetic rats decreased by approximately 59,7% compared to control values. However,
metformin treatment was insufficient to maintain renal creatinine clearance of diabetic rats normally.
Creatinine clearance in diabetic rats decreased
to levels as the weeks progressed.

Changes in serum creatinine level. Serum
creatinine levels increased in diabetic groups as diabetes progressed (Figure 6). In diabetic rats, serum
creatinine level increased from 1.1 mg / dl in the first
week to 1.5 mg / dl in the eighth week (Figure 6).
Metformin treatment was not able to completely improve the increase in serum creatinine level in diabetic rats (Figure 6).

Parameters related to kidney function. Serum creatinine increased significantly in the D3 and
D4 groups as diabetes got heavier, while urinary creatinine excretion, creatinine clearance decreased.
Metformin treatment was observed to prevent the increase in serum creatinine level in diabetic rats to a
small extent (Figure 6).
Correlation between Creatinine Clearance
and Ghrelin and Angiotensin II Levels. In diabetic
groups, a negative significant correlations was found
between plasma ghrelin levels and plasma angiotensin II levels (r2= 0.486, P<0.01)(Figure 8). On the
other and, a statistically positive significant correlations was found between ghrelin levels and creatinine clearance levels in diabetic groups (r2=279,
P<0.01) (Figure 9). However, a statistically negative
significant correlations was found between the
ghrelin levels and the creatinine clearance levels in
the control groups (r2=229, P<0.05) (Figure 10). Finally, in diabetic groups, a statistically negative significant correlations was found between plasma angiotensin II levels and creatinine clearance levels
(r2=0.555 P<0.01) (Figure 11).

FIGURE 6
Serum Creatinine Levels (mg/dl)
C: Control group D: Diabetic group T: Treatment
group b: Compared to Control group; p<0.01. e:
Compared to D-1; p<0.01.
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FIGURE 7
Creatinine Clearance (ml/min)
C: Control group D: Diabetic group T: Treatment group, a: Compared to Control group; p<0.05. b: Compared to Control
group; p<0.01. e: Compared to D-1; p<0.01.
h: Compared to D-2; p<0.01.

FIGURE 8
Correlation between Plasma Ghrelin and Angiotensin II Levels in Diabetic Rats

A statistically positive significant difference
was found between ghrelin levels and creatinine
clearance levels in diabetic groups (r2=279, P<0.01).

A statistically negative significant difference
was found between plasma ghrelin levels and plasma
angiotensin II levels in diabetic groups (r2= 0.486,
P<0.01).
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FIGURE 9
Correlation between Plasma Ghrelin Levels and Creatinine Clearance Levels in diabetic groups.

FIGURE 10
Correlation between Plasma Ghrelin Levels and Creatinine Clearance Levels in Control groups.
In diabetic groups, a statistically negative significant difference was found between plasma angiotensin II levels and creatinine clearance levels
(r2=0.555 P<0.01).

A statistically negative significant difference
was found between the ghrelin levels and the creatinine clearance levels in the control groups (r2=229,
P<0.05).
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FIGURE 11
Correlation between Plasma Angiotensin II Levels and Creatinine Clearance Levels in Diabetic Rats

tions to the progression of nephropathy with nonhemodynamic effects such as inducing cell proliferation, renal hypertrophy, stimulation of extracellular
matrix synthesis, increasing oxidative injury by
stimulation of certain cytokines and superoxide production and activation of nuclear factor-ț% [23].
Since the intrarenal angiotensin II concentration is
much higher than the systemic circulation, the idea
that intrarenal RAS may be important in diabetic
nephropathy pathogenesis has been the subject of research in recent years [24, 25].
Ghrelin is a peptide hormone secreted from the
kidneys and many organs of the body mainly from
the stomach. It acts by binding to growth hormone
secretagogue receptors commonly found in most
cells of the body [26]. It attracted attention with its
powerful stimulating effect on the secretion of
growth hormone and later it was found that it has
various physiological effects. It has been reported
that it may play a role in gastric motility and acid
secretion, nutrition and growth, in beneficial cardiovascular and anti-inflammatory effects, reduction of
sympathetic nerve activity, angiogenesis and diabetes pathogenesis [10,11,13,27]. According to
Pöykkö et al. low plasma ghrelin level is independently associated with type II diabetes, insulin
density, insulin resistance and high blood pressure
[16]. Thus; Chronic inhibition of intrarenal ghrelin
receptors in rats ameliorates angiotensin II dependent hypertension [28].
Plasma ghrelin levels were found to be significantly lower in individuals with high insulin resistance, obesity and type 2 diabetic patients [14-16].
Treatment of diabetic new born rats with ghrelin; It

DISCUSSION
In our study, plasma angiotensin II concentration in STZ-induced diabetic rats gradually increased
due to the diabetes process, and at the end of the 8th
week this increase reached levels as high as 30% of
the normal value. Although our finding is compatible
with some literature values, it does not comply with
the results of the studies stating that plasma angiotensin II levels do not change or decrease in diabetics. However, according to our findings, plasma angiotensin II levels showed negative correlations with
markers of diabetic nephropathy, urine creatinine
and creatinine clearance, depending on the severity
of diabetes. Diabetic nephropathy is one of the main
causes of end stage renal disease. Many pathophysiological mechanisms related to the pathogenesis of
the disease have been proposed and have not yet
been fully clarified. Although glycaemic control and
medical treatment are maintained carefully, diabetic
nephropathy may develop in some diabetic patients.
Therefore, the search for new treatment methods
continues. Recently, clinical and experimental research results have been obtained showing that drugs
that block the renin-angiotensin system together with
glycaemic control can significantly prevent the development of nephropathy in diabetic patients [22].
Angiotensin II can increase glomerular filtration and
albuminuria in diabetic patients by increasing glomerular capillary pressure with its vasoconstrictor
effect [2]. However, angiotensin II may play an important role in nephropathy pathogenesis, independent of its haemodynamic effects. Experimental studies have shown that it can make significant contribu-
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increases plasma insulin levels and alleviates diabetes symptoms [17]. In a clinical study conducted by
Hiroaki et al. In 2007, it was observed that the
plasma ghrelin concentration increased in patients
with diabetic nephropathy [17]. Ghrelin removes the
vasoconstriction effect of endothelin-1 in the wall of
the arteries [6, 7, 29]. Based on this effect, it is possible that ghrelin may suppress the effect of angiotensin II, which another vasoconstrictor agent. In
rats with diabetic nephropathy, plasma ghrelin levels
may be important for the pathogenesis of the disease.
In our study, we observed how the changes in
plasma ghrelin levels were reflected in the process of
diabetes by creating diabetes of different severity. It
was found that plasma ghrelin levels gradually decreased as the weeks progressed despite the increase
plasma angiotensin II levels in diabetic rats. Antidiabetic metformin therapy partially improved plasma
ghrelin and angiotensin II levels. It was also noted
that there were negative correlations between plasma
ghrelin and plasma angiotensin II level in diabetic
rats. If a treatment method is found to prevent the
decrease in plasma ghrelin level and plasma angiotensin II level can be kept within normal limits, it
may be possible to prevent or delay nephropathy indirectly. Because the effect of angiotensin II on kidneys accelerates nephropathy.
In our study, metformin, which was administered to the treatment group as an antidiabetic,
slightly increased the plasma ghrelin level towards
normal. This result showed us that controlling diabetes will prevent changes in plasma ghrelin and angiotensin II levels. As the duration of diabetes or complications occur, a hormone with an anabolic effect,
the hormone ghrelin, has shown that its positive and
protective effects decrease due to the decrease in
plasma level.
In conclusion, considering our findings and literature information, it is thought that ghrelin and angiotensin II may have important roles in processes
related to the pathogenesis of diabetic nephropathy
with their positive or negative effects. Thus, for the
prevention and treatment of diabetic complications,
especially nephropathy, it may be beneficial to add
drugs that suppress Angiotensin II activity together
with agents that alter ghrelin activity to existing
treatment protocols.
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soil particles are hard. So the strength of granite residual soil is relatively high comparing with sedimentary soils. Due to its specific cause, there are a
large number of native fissures which potentially incur the development of secondary fissures when the
external environmental factors change [2]. Because
of this characteristic, granite residual soil is prone to
softening and disintegrating, especially in South
China of warm and humid environment.
To investigate a reasonable method to solve the
softening disintegration problem of granite residual
soil, a series of works were performed by the researchers. A prevalent design of soil–lime mixtures
includes a careful preliminary identification of the
characteristics of the soil to be used and a well developed laboratory testing programme on the soil–
lime mix with the aim to identify the final strength
[3-5]. If lime is added to any type of soil–water system in the form of quicklime (CaO) the treatment
(named “soil drying”) causes an improvement of soil
workability as a result of dewatering due to the hydration reaction of quicklime (highly exothermic)
forming hydrated lime, Ca(OH)2. On the same principle as lime hydration, Liu (2018) [6]conducted
several shear stress tests to study the effects of stabilization by fly ash, and found that mixing fly ash
could effectively improve the shear strength of granite residual soil and reduce its permeability coefficient and disintegration rate. However, due to the
less active substances contained in fly ash, the
strength improvement of soil mixed fly ash is relatively less than the soil mixed lime. But fly ash can
effectively reduce the soil porosity. Therefore, lime
and fly ash were collectively used to treat granite residual soil [7]. After all, amount of employs of lime
and fly ash require a mass of economic inputs and
energy consumptions, and the effects on disintegration of lime and fly ash were not correspondingly satisfying. Therefore, finding a new substitution seems
to be a wiser choice. Coastal sludge, widely distributed in coastal areas, is a nerve-wracking problem in
treating and reusing aspects [8-9]. The strength of
coastal sludge is fairly low that it is not even measurable, so the engineers always consider how to improve it and neglect its function to improve other materials. A feasibility study for coastal sludge to improve the strength of granite residual soil is thus of
interest.

ABSTRACT
To improve the strength of granite residual soil
and minish the influence of coastal sludge on the environment. In this paper, the effectiveness of coastal
sludge in the improvement of granite residual soil
was investigated, and the contrast tests of unconfined
compression (UC) were performed on two groups of
granite residual soil mixed with flyash and calcium
lime. And the microstructures of the treated specimens were analyzed via scanning electron microscopy (SEM). The results obtained show that the unconfined compressive strength (UCS) of the GRCS
specimens firstly increase and then decrease with the
ameliorant content increasing regardless of water
content and curing time. The efficiency of coastal
sludge to improve the strength of granite residual soil
is optimistic, at least relative to fly ash. The maximum increment of the long-term UCS is found in
GRCS specimen (20% ameliorant content and 20%
water content). Once the water content changing
IURP  WR  ¨8&6 RI *5&6 VSHFLPHQV LQ
crease obviously. The inclusion of ameliorant powder conductively improves the particle gradation of
granite residual soil, which results in the structures
more compact and thus a relatively higher strength
of the improved samples especially for GRCS samples. The way of coastal sludge heightening the
strength of granite residual soil is not the result of
hydration reaction, but relies on the viscosity of clay
minerals.
KEYWORDS:
Strength development, Granite residual soil, Coastal
sludge, Microstructure, Scanning electron microscope

INTRODUCTION
Granite residual soil, product of intense weathering of the bedrock, are widely distributed and
thickly covered (20 - 35 m) in South China [1]. Granite residual soil is the clast of granite left in place after the physical and chemical weathering. Its main
components are quartz (20 – 30%), feldspar (60 –
70%), mica and amphibole (5 – 10%). The soil structures are holocrystalline and equigranular, and the
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VFUHHQPDFKLQH IRUSDUWLFOHVODUJHUWKDQȝP DQG
by the densimeter method [10], for particles smaller
WKDQ  ȝP  7KH RYHUDOO JUDLQ VL]H GLVWULEXWLRQ RI
the soil is shown in Figure 1b. Based on the unified
soil classification system [11], the granite residual
soil is classified as sandy clay. X-ray diffraction test
shows that the soil consists mainly of quartz (SiO2),
a small amount of Kaolin (Al2Si2O5(OH)4) and free
R[LGH Į-)H2 2+ )H2Į-Fe2O3).

In this paper, a series of unconfined compression (UC) tests was conducted on the granite residual
soil admixed with coastal sludge (GRCS) in these
tests, meanwhile, the scanning electron microscopy
(SEM) tests were carried out to observe the microstructures. To purposefully investigate the strength
development of GRCS specimens, the other two
ameliorants (fly ash and calcium lime), five kinds of
ameliorant contents (0%, 5%, 10%, 15% and 20%),
three types of curing time (7 days, 14 days and 28
days) were designed in the present tests. The roles of
coastal sludge content and curing time in the strength
development of GRCS specimens were analyzed.

Coastal sludge. The coastal sludge collected
from Tangjia Bay (Site 2, 500m from SYSU) was
used as the admixed materials (Figure 1c). Due to the
sampling site close to the coast, macroscopical domestic waste was readily observed. To investigate
the effect of coastal sludge powder content on the
development of strength in granite residual soil, so
the soil particles less than 0.1mm were used. The
physical properties of coastal sludge are shown in
Table 2. X-ray diffraction test present that the main
compositions were montmorillonite (22.1%), white
mica (22.9%), chlorite (11.8%), quartz (11.2%),
feldspar (19.1%), calcite (1.8%) and diaspore
(3.1%). Figure 2 shows the SEM image of original
coastal sludge, which contains soil aggregations, textile fabric (domestic waste), discrete grains and kinds
of microstructures, e.g. lamellar structures, etc. In
this experiment, the coastal sludge of particle size
less than 0.075mm was employed.

MATERIALS AND METHODS
Laboratory investigations. Granite residual
soil. The granite residual soil tested was taken from
a site near Sun Yat-sen University (SYSU), Zhuhai
in China (N22°21’1’’, E113°34’54’’), site 1 is
flagged in Figure 1. In this area, the granite residual
soil is widely distributed and soil disintegration is
ubiquitous. Within 1 m depth the soil was excavated
and sampled into freshness protection bags (Figure
1a). Its geotechnical properties are reported in Table
1. The grain gradation curves of the natural granite
residual soil was obtained by the standard vibrating

FIGURE 1
The location of the collected samples and the site condition
(a) Granite residual soil sampling, (b) Grading curve of the intact soil and the particles selected for this study, (c) Coastal
sludge sampling.

h
(m)
1

ȇ
(g/cm3)
1.71

TABLE 1
Geotechnical properties of the studied soil.
w/
wL
wP
IP
(%)
(%)
(%)
(%)
14.25
35.2
21.7
13.5
Standard (GB/T 50123, 2019) [10]
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c
ĳ
(kPa)
(°)
15
33.1
Standard (JTG E40) [12]
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TABLE 2
Physical properties of coastal sludge.
Gradation of soil particles
ȡ
e
w
wL
wP
IP
> 0.075mm 0.075 ~ 0.005 0.005 ~ 0.002mm
< 0.002mm (g/cm3) (%) (%) (%) (%) (%)
4.6
42.9
17.9
34.6
1.24
4.32 215 43.1 20.2 22.9
Laser diffraction method [13]
Standard (GB T 50123-2019) [10]

FIGURE 2
Coastal sludge composition and microstructures.

FIGURE 3
Sample preparation and unconfined compression test.
Laboratory experimentation. In this study, to
investigate the effectiveness of coastal sludge in the
improvement of granite residual soil (particle size in
0.1 - 1mm), contrast tests of unconfined compression
(UC) were performed on two groups of granite residual soil mixed with flyash and calcium lime.
First, three kinds of cementitious materials
were uniformly mixed into the granite residual soil
at five different levels, i.e., 0%, 5%, 10%, 15% and
20% (Figure 3). Second, distilled water was respectively added into each mixture to obtain different water contents subsequently (10% and 20%). The mixture was adequately mixed in the blender for at least
30 minutes to assure homogeneity [14]. Then the
mixture was carefully filled into the cylinder mold

(76 mm in length and 39 mm in diameter) by layers.
Each specimen was respectively weighted and
smoothed. Finally, the specimens were preserved in
the humidity chamber (constant temperature 20 ±
2°C) for different curing conditions.
In this experiment, three sets of samples with
different curing time of 7, 14 and 28 days were used
to test the unconfined compressive strength. To keep
the reliability of the test results, five specimens were
measured under a certain condition (i.e., the same cementitious material content, water content and curing time). The rate of principal loading was set as 1
mm/min and the range of cementitious material content is from 5% to 20%. Once the UC test was finished, the micro-specimens near the failure surfaces
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were rapidly collected and moved into the freezedrier for 48 h. And these collected specimens were
furtherly observed by scanning electron microscopy
(SEM) and XRD.

water contents (i.e. 10% and 20%) and curing times
(i.e. 7 days, 14 days and 28 days). For the original
specimen GRS in water content 10%, the UCS is
0.51 MPa. Once the granite residual soil is mixed
with different ameliorants, the UCS of improved
specimens significantly exceed the original specimens. Generally, the UCS of improved specimens
increase first and then decrease with an increase in
the ameliorant content regardless of water content
and curing time. The strength variation is in agreement with the strength increase reported by Zhang et
al. [15].

RESULTS
Roles of ameliorant content. Figure 4 shows
the UCS of improved soil versus various ameliorants
at different contents (i.e. 5%, 10%, 15% and 20%),

FIGURE 4
The UCS of improved specimens mixed by different ameliorants at different
water contents and curing times.
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Taking improved specimens with 10% water
content and 7-day curing time as typical examples,
the UCS of GRCS, GRF and GRC respectively increase by 0.31, 0.27 and 0.43 MPa when the ameliorant content increases from 0% to 20% at intervals
of 5%, which indicates that the treatment effect of
GRCS is prominently superior to GRF but inferior to
GRC. And the UCS of specimen mixed 20% ameliorant content is distinctly larger than 5% ameliorant
content. For GRC specimens in 10% water content,
the slope of curves in Figure 4 reaches the maximum
when the coastal sludge powder content from 10% to
15%. That is to say, an optimal ameliorant content
versus the maximum UCS for GRCS is near 15%.
But for GRF and GRC, the optimal ameliorant contents are respectively near 15% and 10%. With the
water content from 10% to 20%, the UCS of improved specimens decrease evidently, i.e. the UCS

of GRC in 7-day curing time decreases from 0.95
MPa to 0.81 MPa. Interesting discovery is observed
that the optimal ameliorant contents for GRCS, GRF
and GRC are uniformly 15%, which is different from
the variation for 10% water content and 7-day curing
time. And the slope of the curves for 20% water content is generally more gradual than 10%. To study
the UCS variation of the improved samples mixed
with different ameliorants, the compressive strength
ratio R is defined in equation (1),

ܴ=

ୌ(ഐసబ,ఱ,భబ,భఱ,మబΨ)

(1)

ୌ(ഐసబΨ)

ZKHUHȡJLVWKHDPHOLRUDQWFRQWHQW
Table 3 and 4 give the summaries of increase
ratio R of improved specimens. And the variation of
ratio R is read from Table 3 and 4, as shown in Figure
5. The strength increase ratio R of GRCS, GRF and

TABLE 3
Strength increase ratio R for improved specimens using water content 10%.
Specimens
A0
A1
A2
A3
A4
B0
B1
B2
B3
B4
C0
C1
C2
C3
C4

Ameliorant

Coastal Sludge

Flyash

Calcium lime

Content of ameliorant, %
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20

7d
1.00
1.04
1.37
1.60
1.31
1.00
1.06
1.31
1.52
1.17
1.00
1.17
1.83
1.60
1.38

Strength increase ratio, R
14d
1.00
1.23
1.52
1.75
1.48
1.00
1.17
1.44
1.67
1.37
1.00
1.48
2.15
1.88
1.63

28d
1.00
1.38
1.69
1.88
1.69
1.00
1.31
1.62
1.81
1.60
1.00
1.77
2.52
2.15
1.88

TABLE 4
Strength increase ratio R for improved specimens using water content 20%.
Specimens
A0*
A1*
A2*
A3*
A4*
B0*
B1*
B2*
B3*
B4*
C0*
C1*
C2*
C3*
C4*

Ameliorant

Coastal Sludge

Flyash

Calcium lime

Content of ameliorant, %
0
5
10
15
20
0
5
10
15
20
0
5
10
15
20

GRC specimens increase first and then decrease regularly, and this variation is similar with the unconfined compressive strength. Generally, ratio R of the
improved specimens in 20% water content are larger

7d
1.00
0.67
0.98
1.27
0.79
1.00
1.06
1.45
1.90
1.42
1.00
1.77
2.48
2.61
2.23

Strength increase ratio, R
14d
1.00
0.98
1.31
1.52
1.25
1.00
1.42
1.97
2.23
1.74
1.00
2.00
2.94
2.61
2.42

21d
1.00
1.12
1.42
1.60
1.37
1.00
1.58
2.19
2.42
1.90
1.00
2.35
3.35
3.06
2.84

than 10% water content. In rare cases, the ratio R in
20% water content is closer to 10%, i.e. GRCS in 7day curing time (5% and 20% ameliorant content)
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and GRF in 7-day curing time (5% ameliorant content). For GRCS and GRF specimens, the increasement of ratio R in 14-day and 28-day curing time and
20% water content is larger than these in 7-day curing time and 10% water content. Exciting discovery
is that although the ratio R of GRCS is weakly less
than GRC but larger than GRF in the certain testing
condition (i.e. for the 14-day curing time and 10%
water content and 15% ameliorant content, the ratio
R of GRCS, GRF and GRC are respectively 1.75,
1.67 and 1.88). This to say, the efficiency of coastal
sludge to improve the strength of granite residual soil
is optimistic, at least relative to flyash.

ent treated specimens with various ameliorant contents. Unconfined compressive strengths of GRCS,
GRF and GRC specimens were obtained using unconfined compression testing at a given curing time
(7, 14 and 28 days). The slopes of the UCS curves
from 7-day to 14-day are obviously inclined than
these from 14-day to 28-day, especially for the specimens in 20% water content. And this phenomenon
exists in all the improved specimens including
GRCS, GRF and GRF. In general, greater strength
gain caused by longer periods was observed in most
specimens. We compared the highest strength and
found that the compressive strength improved relatively satisfactory after 28-day curing period. And
the strength variations keep consistent with the results reported by Kim and Do [16] and confirm that
coast sludge contributes to the strength development
of composite material due to the frictional resistance
and hydration reaction.

Roles of curing time. To clarify how the curing time affect the strength development in the mixtures, Figure 6 presents the variation in unconfined
compressive strength/UCS by curing time for differ-

FIGURE 5
Strength increase ratio R for improved specimens, (a) GRCS; (B) GRF; (C) GRC.
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FIGURE 6
The UCS of improved specimens cemented by different ameliorants at various water contents and curing
times.
ZKHUH¨8&6LVWKHGLIIHUHQFHLQWKH8&6RIWKH
improved specimens, and UCS (28) and UCS (7) are
the 28-day UCS and 7-day UCS, respectively, of the
improved specimens.
Figure 7 shows the long-term strength increment of the improved samples relative to 7-day UCS.
For the 10% water content, the long-term strength
increment of the GRCS specimens with 5%, 10%,
15% and 20% ameliorant contents are more obvious
less than GRC specimens. And the long-term
strength increment of GRCS with 5% and 10% ameliorant contents are slightly greater than GRF, but the
increment of GRCS 15% and 20% ameliorant con-

In this test, just the improved samples with curing 7, 14 and 28-day were experimented. That is to
say, the role of curing time on the mechanical properties of improved sample is hard to adequately analyze. Therefore, we just focus on the UCS increment
of the improved samples from curing time 7 days increasing to 28 days. The UCS evolution of the improved sample with different conditions (i.e. ameliorant content and water content) relatively reflect the
long-term strength development. And the UCS difference of the improved sample can be defined as
follows,
(2)
οUCS = UCS(ଶ଼) െ UCS()
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tents are similar with GRF. Interesting variations exist in the improved specimens at 20% water content.
The long-term strength increment of GRCS with 5%,
10%, 15% and 20% ameliorant contents are thoroughly larger than all GRF specimens even several
GRC specimens (i.e. 5%, 15% and 20% ameliorant
contents). And the maximum increment of the longterm UCS is observed in GRCS specimen (20% ameliorant content and 20% water content). Once the
ZDWHUFRQWHQWFKDQJLQJIURPWR¨8&6RI
GRCS specimens increase obviously. On the contrary, the increments of GRC specimens in 20% water content are drastically smaller than the GRC
specimens in 10% water content. However, the results show that coastal sludge is effective as a
strength enhancer to improve granite residual soil.
Especially, optimistic changes of impressive
strength are measured after the curing process. Adding coast sludge to a mixture has the advantage not
only of inexhaustible materials but also of using less
low-budget cement to achieve the strength required
for a given design.

shows SEM photos of these three specimens with
20% moisture content, 10% ameliorant content and
7d curing time. In this state, numerous medium-irregular pores and occasional macro-pores are observed throughout the SEM photo of specimen C0.
Due to the hydration reaction of calcium lime, the
aggregates (labeled in blue) are relatively obvious
and several flocculent structures (labeled in orange)
are accidentally discovered. Meanwhile, the widespread pores lead to the soil particles contacting as
angle-face, angle-edge forms (indirect contacts), and
the particles show obvious directional distribution.
B0 specimen presents large scale of macro- and medium-pores and the frequently observed flocculation
structures are distributed among the aggregate structures. The contacts between particles are mainly
face-face and face-edge forms. Similarly, the particles also show obvious directional distribution. Different from GRC and GRF micro-structures, the particles of specimen A0 arrange densely and present
direct contacts and non-directional distribution. Just
a small number of micro-pores and few mediumpores are observed among the soil particles.
In addition, Figure 9 suggests that the granite
residual soil particles closely contact with moisture
content decreasing, ameliorant content and curing
time increasing. Comparing with C1 and B1 respectively collected from GRC and GRF after UC tests,
the particles of GRCS specimen arrange more compactly and the pores are more microcosmic even than
the state mentioned in Figure 8. The inclusion of
ameliorant powder conductively improves the particle gradation of granite residual soil, which results in
the structures more compact and thus a relatively
higher strength of the improved samples especially
for GRCS samples.

Microstructural analysis. Three effective factors, i.e., ameliorant content, type of ameliorant and
curing time, were studied in these tests. The complex
physical–chemical reactions among granite residual
soil particles, ameliorant and water generates the microstructural evolution inside GRCS, GRF and GRC
specimens. The microstructural evolution of GRCS,
GRF and GRC specimens is analyzed via SEM technique [17].
Microstructure effect. The soil microstructure
effect on the strength development of GRCS, GRF
and GRC specimens were analyzed by taking typical
specimens with different moisture contents, ameliorant contents and curing times as examples. Figure 8

FIGURE 7
7KH¨8&6RILPSURYHGVSHFLPHQVFHPHQWHGE\GLIIHUHQWDPHOLRUDQWVDWGLIIHUHQWZDWHUFRQWHQWV
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FIGURE 8
SEM photos of improved specimens in 20% water content and 10% ameliorant content and 7d curing
time after USC tests (typical examples A0, B0 and C0 are respectively collected from GRCS, GRF and
GRC after UC tests).

Chemical cementation effect. The hydration
RI&D2ā6L2DQG&D2ā$Oၷ2ၸFDQEHSURmoted by
WKHSDUWLFXODWHZLWKDVL]HVPDOOHUWKDQȝPZKLFK
can furtherly improve the quantity of cementitious
products . [18] That is to say, the particulate nature
of the ameliorant powder is beneficial for the cementation. So we collected the representative specimens
from the improved samples and analyze the role of
chemical cementation on mechanical strength
(shown in Figure 8 and 9). The SEM photos in Figure 9 indicate that the cementitious products increase
with an increase in the ameliorant powder. The ameliorant powder with fine granules effectively facilitates the formation of cement products, resulting in
the microstructure forming a good integrity.
For the GRC specimens, during the hydration
between CaO, H2O and CO2, the surface of silt particle can absorb a great of Ca2+ ions, which results
in the increase of face-to-edge contacts between continuous silt sheets and decrease of repulsion between

consecutive diffused double layers [19-20]. And the
fine granules mixed granite residual soil and calcined lime power flocculate into larger aggregates.
Multiple macro- and medium-pores are observed
among the aggregates in SEM photo of specimen C0,
which suggests that there are few cementitious products in that condition of low calcined lime content.
However, Figure 9c1 presents that the space of the
pores among the aggregates are adequately reduced,
meaning that the cementitious products are of high
quantity relative to specimens C0. In addition, majority of clastic particles caused by hydration and
clay particles deriving from granite residual soil
gradually aggregate multiple bonds between major
particles. And these bond and flocculent structures
strengthen the total constitutive property of GRC
(shown in Figure 10c).
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FIGURE 9
SEM photos of improved specimens in 10% water content, 15% ameliorant content and 28d curing time
after USC tests (typical examples A1, B1 and C1 are respectively collected from GRCS, GRF and GRC
after UC tests).
For the GRF specimens, when the fly ash is
fully and evenly mixed with granite residual soil in a
certain water content, a series of hydrolysis reactions
will occur under the action of interior water. The hydrolysis reactions play important impacts on the engineering properties of the improved soil. These
physical and chemical effects can be summed up in:
ion exchange, carbonation and gelation. Fly ash is a
type of volcanic ash material in which SiO2, Al2O3
and Fe2O3 are insoluble acid oxides, Na2O, K2O
and CaO are soluble alkaline oxides. After fly ash
mixed into the granite residual soil, Na2O and K2O
dissolve rapidly under the action of moisture contained in the soil, resulting in K+, Na+, OH-. CaO is
able to dissolve quickly with H2O, then generate
Ca(OH)2, which further dissociates into Ca2+ and
OH-. K+ and Na+ absorbed by granite residual soil
particles are easily replaced by Ca2+. The diffusion
layer formed by Ca2+ adsorbed by soil particles
gradually become thinner, which reduces the dispersion of granite residual soil particles and makes the
soil easier to be stabilized. Meanwhile, Ca(OH)2 is
constantly reacting with CO2, producing CaCO3
with high strength and water stability. In addition,

the hydrolyzed reaction of fly ash causes a large increase in OH- in the fluid phase, which alters the solution environment from subacid into alkaline. Then
the activities of SiO2, Al2O3 and Fe2O3, which are
insoluble acid oxides, are stimulated in the alkaline
environment. This volcanic ash reaction generates a
vast scale of gel composed with calcium silicate, calcium ferrite and calcium aluminate. After continuously absorbing a large amount of water, gel slowly
solidifies and crystallizes until completely hardens
(this process takes a long time more than 30d). A stable protective film (network connection/ flocculent
structure) is coated on the periphery of granite residual soil particles (Figure 10b). The productions and
network connection strengthen the bonding between
soil particles, so that the structure of the soil body is
reinforced and the strength is further improved (Figure 4). However, the strength deriving from flocculent structure is relatively feeble comparing with
GRC specimens. The main factor is that CaO content
of fly ash is correspondingly low, which leads to solution environment close to neutral and less gel products (comparing with Figure 8B0 and Figure 9B1).
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FIGURE 10
Typical form of particle connection in GRCS, GRF and GRC microstructures.

Interesting differences are observed in GRCS
specimens, i.e. less pores and tight contacts (Figure
8A0 and Figure 9A1). Relative to the complex hydration reaction occurring in GRF and GRC specimens, just physical interaction happens in GRCS
specimens. The main components of coast sludge are
clay mineral (montmorillonite (22.1%), white mica
(22.9%), chlorite (11.8%), quartz (11.2%), feldspar
(19.1%), calcite (1.8%) and diaspore (3.1%)) and
few organic matter. Once the granite residual soil
and coast sludge are mixed with water, the clay minerals evenly distribute among the soil particles. The
clay minerals not only fill up the pore space but also
heighten the inter-cluster bonding strength (Figure
10a). This way of increasing soil strength is not the
result of hydration reaction, but relies on the viscosity of clay minerals. In other words, due to the addition of coast sludge, the grain gradation of granite
residual soil trends toward finer, which indirectly
strengthens the soil structures. And this affect is discovered to increase remarkably with increasing coast
sludge content from 5% to 10% and 15% (Figure 4).
It is, at least, very encouraging to note that the integrity of GRCS specimens are best comparing with
GRC and GRF, especially granite residual soil specimens.

CONCLUSIONS
To improve the strength of granite residual soil
and minish the influence of coastal sludge on the environment, a series of UC tests were performed on
the treated specimens mixed of granite residual soil
and coastal sludge (contrast: fly ash and calcium
lime). The effects of ameliorant type, ameliorant
content and curing time on the strength development
were investigated. Meanwhile, the microstructures
of the treated specimens were analyzed via scanning
electron microscopy (SEM). Five conclusions were
drawn as follows.
The unconfined compressive strength (UCS) of
GRCS specimens firstly increase and then decrease
with the ameliorant content increasing regardless of
water content and curing time. From the strength aspect, the treatment effect of GRCS is prominently
superior to GRF but inferior to GRC.
Although the strength increase ratio of GRCS
is weakly less than GRC but larger than GRF in the
certain testing condition (i.e. for the 14-day curing
time and 10% water content and 15% ameliorant
content, the ratio R of GRCS, GRF and GRC are respectively 1.75, 1.67 and 1.88). This to say, the efficiency of coastal sludge to improve the strength of
granite residual soil is optimistic, at least relative to
flyash.
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The long-term strength increment of GRCS
with 5%, 10%, 15% and 20% ameliorant contents are
thoroughly larger than all GRF specimens even several GRC specimens (i.e. 5%, 15% and 20% ameliorant contents). And the maximum increment of the
long-term UCS is found in GRCS specimen (20%
ameliorant content and 20% water content). Once the
water content changing from 10% to ¨8&6RI
GRCS specimens increase obviously.
The inclusion of ameliorant powder conductively improves the particle gradation of granite residual soil, which results in the structures more compact and thus a relatively higher strength of the improved samples especially for GRCS samples.
The clay minerals contained in coastal sludge
not only fill up the pore space but also heighten the
inter-cluster bonding strength. This way of increasing soil strength is not the result of hydration reaction, but relies on the viscosity of clay minerals. In
other words, due to the addition of coast sludge, the
grain gradation of granite residual soil trends toward
finer, which indirectly strengthens the soil structures.
And this affect is discovered to increase remarkably
with increasing coast sludge content from 5% to 10%
and 15%. It is, at least, very encouraging to note that
the integrity of GRCS specimens are best comparing
with GRC and GRF, especially granite residual soil
specimens.
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SURGXFWLRQ 'LVWLOOHG ZDWHU ZDV XVHG DV D FRQWURO
JURXSWKHGLIIHUHQWOHYHOVRIVDOLQLW\ DQG
J1D&O DQGWKHGLIIHUHQWOHYHOVRIGURXJKW 
DQG3(* ZDVXVHGIRUFUHDWLQJ
VDOLQLW\ DQG GURXJKW VWUHVV FRQGLWLRQV LQ WKH VDPH
YHLQ7KHFRPSOHWHO\UDQGRPL]HGGHVLJQZLWKWKUHH
UHSOLFDWLRQ ZDV DSSOLHG WR WKH PHDQ YDOXHV RI WKH
SDUDPHWHUV IRU YDULHQFH DQDO\VLV 7KHUH DUH VL[
JHUPLQDWLRQ SUHGLFWLRQ SDUDPHWHUV ZKLFK ZHUH
DQDO\]HGLQWKHVWXG\8VLQJWKHVHSDUDPHWHUVVWUHVV
WROHUDQFHLQGH[DQGVWUHVVVHQVLWLYLW\LQGH[YDOXHVRI
RDW FXOWLYDUV ZHUH FDOFXODWHG ,Q WKH OLJKW RI WKH
UHVXOWVWKHGLIIHUHQFHVRIFXOWLYDUVVWUHVVOHYHOVDQG
FXOWLYDUîVWUHVVOHYHOLQWHUDFWLRQZHUHVLJQLILFDQWO\
GLIIHUHQW LQ ERWK VDOLQLW\ DQG GURXJKW VWUHVV IRU DOO
SDUDPHWHUVH[DPLQHG H[FHSWJHUPLQDWLRQVSHHGRQ
1D&O VWUHVV  (YHQ WKRXJK &KHFRWD VKRZHG JRRG
SHUIRUPDQFHXSWRKLJKGURXJKWVWUHVVOHYHOV DQG
 ZKHUHWKHGURXJKWVWUHVVLVDWKLJKHU)DLNEH\
DQG 6H\GLVHKLU IROORZHG XQGHU KLJKVWUHVV OHYHOV
)DLNEH\ KDG WKH PRVW VWUHVV VHQVLWLYH FXOWLYDU WKDQ
WKH RWKHUV LQ WKH VWXG\ WR VDOLQLW\ VWUHVV ,W ZDV
GHWHUPLQHGWKDW&KHFRWDKDVPRUHWROHUDQWWRVDOLQLW\
VWUHVVWKDQRWKHUFXOWLYDUVDWJHUPLQDWLRQVWDJH


IRU DQLPDO QXWULWLRQ $FFRUGLQJ WR  GDWD 
WKRXVDQGWRQVRIRDWLVSURGXFHGLQWKH:RUOG>@
'XHWRWKHLQFUHDVLQJ:RUOGSRSXODWLRQDQGWKH
IDFWWKDWFXOWLYDWLRQILHOGVKDYHUHDFKHGWKHLUQDWXUDO
ERUGHUVWKHUHLVQHHGWRIRFXVRQHQKDQFHG\LHOGSHU
XQLW DUHD )RU WKLV UHDVRQ LW LV QHFHVVDU\ WR EUHHG
FXOWLYDUV ZKLFK DUH UHVLVWDQW WR ELRWLF GLVHDVH DQG
SHVWV  DQG DELRWLF VDOLQLW\ GURXJKW KLJK WHPSHUD
WXUH HWF  VWUHVV IDFWRUV 7KH PDLQ IDFWRU WKDW
GHFUHDVHVWKHSODQW\LHOGVLVWKHVWUHVVIDFWRUVZKLFK
FDQ EH FDWHJRUL]HG DV ELRWLF DQG DELRWLF 6WUHVV LQ
SODQWV LV GHILQHG DV H[WHUQDO FDXVHV WKDW OLPLW WKH
GHYHORSPHQW>@
'URXJKW DQG VDOLQLW\ DUH WKH WZR LPSRUWDQW
VWUHVVIDFWRUVWKDWOLPLWWKHSURGXFWLRQRIIRRGFURSV
:RUOGZLGH GHYHORSPHQW >@ 'HVHUWLILFDWLRQ DQG
VDOLQL]DWLRQ LV DOVR LQFUHDVLQJ LQ JOREDO OHYHO DQG
FDXVHVPRUHWKDQ\LHOGORVVIRUPDQ\LPSRUWDQW
SODQWV >@ $SSUR[LPDWHO\  RI FXOWLYDWHG
DUHDVDQGRILUULJDWHGFXOWLYDWLQJDUHDVRIWKH
:RUOG LV GDPDJHG E\ VDOLQL]DWLRQ >  @
&RQWLQXRXV GHSOHWLRQ RI ZDWHU VRXUFHV JOREDO
ZDUPLQJ IOXFWXDWLRQV LQ SUHFLSLWDWLRQ LV HQODUJLQJ
WKHGU\ODQGV'URXJKWSUHYHQWVSKRWRV\QWKHVLVGXH
WRWKHFKDQJHVLWFDXVHVRQWKHVFRSHDQGHOHPHQWVRI
FKORURSK\OO>@$VIRUWKHVDOLQLW\VWUHVVLWSUHYHQWV
GHYHORSPHQWE\HPHUJLQJDVRVPRWLFDQGLRQVWUHVV
DQGE\FDXVLQJGDPDJHDWVWUXFWXUDOSK\VLRORJLFDO
ELRFKHPLFDODQGPROHFXODUOHYHOV>@,QFHUHDOVRDW
LVWKHPRVWVHQVLWLYHSODQWWRGURXJKWVWUHVVDQGLWFDQ
EH FXOWLYDWHG LQ DQ\ NLQG RI VRLO ZKHUH ZDWHU LV
SUHVHQW 7KH IDFW WKDW SODQWV FDQ W EHQHILW IURP WKH
ZDWHU LQ WKH VRLO LQ DUHDV ZLWK VDOLQLW\ FRQVWLWXWHV
LPSRUWDQWSUREOHPVIRURDW7KHVWDJHVZKHQRDWLV
PRVW VHQVLWLYH WR GURXJKW LV LWV JHUPLQDWLRQ DQG
HPHUJHQFH VWDJHV ,Q DGGLWLRQ WR WKLV VDOLQLW\ DQG
GURXJKWJHQHUDOO\HIIHFWVHYHU\SKDVHRIJURZWKDQG
GHYHORSPHQWRISODQWVDQGWKH\DUHPRVWSHUFHLYHG
LQJHUPLQDWLRQVWDJH>@
7KH UHGXFWLRQ RI \LHOGV DQG WKH FXOWLYDWLRQ
DUHDV GXH WR GURXJKW DQG VDOLQLW\ LV DQ LQFUHDVLQJ
WKUHDWFXUUHQWO\,QRUGHUWRLQFUHDVHWKH\LHOGLQWKHVH
NLQGRIDUHDVQHZFXOWLYDUVVKRXOGEHEUHHGHGDQG
WKH WROHUDQFH YDOXHV RI XVHG FXOWLYDUV VKRXOG EH
GHWHUPLQHG,QWKHVWXG\WKHUHDFWLRQVRI&KHFRWD



.(<:25'6
%DUOH\1D&OGURXJKWJHUPLQDWLRQWHVWVWROHUDQFH



,1752'8&7,21

2DW Avena sativa/ LVDNLQGRIFHUHDOZKLFK
LV VXLWDEOH IRU SHUVRQDO FRQVXPSWLRQ DPRQJVW WKH
FRRO FOLPDWH FHUHDOV RI WKH :RUOG %HVLGHV EHLQJ
GLUHFWO\XVHGLQWKHKXPDQQXWULWLRQRDWLVDOVRXVHG
DV DQ LPSRUWDQW UDZ PDWHULDO LQ ELVFXLW LQGXVWU\
0RUHRYHULWVVWUDZDQGJUDLQLVDOVRIUHTXHQWO\XVHG
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9DULDQFHDQDO\VLVRIGLIIHUHQWGURXJKWDQGVDOLQLW\VWUHVVHVOHYHOVRIRDWFXOWLYDUV IYDOXHV 
'URXJKW6WUHVV
9DULDWLRQ5HVRXUFHV
&XOWLYDU
'URXJKW
'URXJKWî&XOWLYDU

*HUPLQDWLRQ
6SHHG
 
 
 

*HUPLQDWLRQ
3RZHU
 
 
 



5RRW
/HQJWK
 
 
 

6KRRW
/HQJWK
 
 
 

)UHVK
:HLJKW
 
 
 

'U\
:HLJKW
 
 
 

 
 
 

 
 
 

6DOLQLW\6WUHVV

 
 
 
&XOWLYDU
 
 
 
6DOLQLW\
6DOLQLW\î&XOWLYDU
QV
 
 
*, ** Significant at the 0.05 and 0.01 probability level, ns: non significant

)DLNEH\ DQG 6H\GLVHKLU RDW FXOWLYDUV ZKLFK DUH
LPSRUWDQW FXOWLYDUV IRU 7XUNH\ V RDW SURGXFWLRQ WR
WKH GLIIHUHQW OHYHOV RI GURXJKW DQG VDOLQLW\ VWUHVVHV
GXULQJ WKHLU JHUPLQDWLRQ VWDJH DUH DWWHPSWHG WR EH
GHWHUPLQHG


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

7KLV VWXG\ ZDV FDUULHG RXW DW WKH )LHOG &URSV
'HSDUWPHQW )DFXOW\ RI $JULFXOWXUH $QNDUD
8QLYHUVLW\ 0DWXUH VHHGV RI &KHFRWD )DLNEH\ DQG
6H\GLVHKLU ZKLWH RDW FXOWLYDUV ZHUH XVHG DV SODQW
PDWHULDOV 6HHGV ZHUH SURFXUHG IURP 0LQLVWU\ RI
$JULFXOWXUHDQG)RUHVWU\7XUNH\*HQHEDQN
,QRUGHUWRFUHDWHGURXJKWVWUHVVIRXUVROXWLRQV
RI3(*ZLWKRVPRWLFSRWHQWLDOVRI
DQG03DLQFRQFHQWUDWLRQVRI
 DQG  UHVSHFWLYHO\ DQG IRU VDOLQLW\
VROXWLRQV RI 1D&O ZKLFK LV WKH PRVW FRPPRQO\
IRXQG VDOLQH IRUPDWLRQ LQ WKH VRLO >@ ZLWK (&H
YDOXHRIDQGGVPLQ
FRQFHQWUDWLRQVRIDQGJZHUHSUHSDUHG
DQGGLVWLOOHGZDWHUZHUHXVHGDVWKHFRQWUROVROXWLRQ
7KH GDWD LV DFTXLUHG E\ WKH PHDVXUHPHQWV DQG
FRXQWLQJVFRQGXFWHGLQUGDQGWKGD\VLQDFFRUGDQFH
ZLWK WKH ,67$ UXOHV >@ *HUPLQDWLRQ VSHHG ZDV
GHWHUPLQHGE\FRXQWLQJWKHVHHGVJHUPLQDWHGDWWKH
UG GD\ DQG ZLWK WKH PHDVXUHPHQWV DQG FRXQWLQJV
FRQGXFWHG DW WKH WK GD\ JHUPLQDWLRQ SRZHU URRW
OHQJWK VKRRW OHQJWK IUHVK ZHLJKW DQG GU\ ZHLJKW
ZHUHGHWHUPLQHGE\UDQGRPO\FKRRVLQJVHHGVRI
HDFK IURP SHWULV PHDVXULQJ DQG DYHUDJLQJ WKHLU
QXPEHUV,QRUGHUWRFDOFXODWHWKHGU\ZHLJKWIUHVK
VKRRWVZHUHGULHGIRUWZRKRXUVDW&>@)RU
WKH VWHULOL]DWLRQ RI WKH VHHGV JOXPHV ZHUH
PHFKDQLFDOO\VHSDUDWHGDQGULQVHGIRUPLQXWHVLQ
 1D&O2 DQG DIWHU WKDW ULQVHG LQ GLVWLOOHG ZDWHU
VHYHUDO WLPHV  PO VWUHVV VROXWLRQ LV DGGHG WR WKH
VHHGV SODFHG RQ ILOWHULQJ SDSHUV  SHU SDSHU  LQ
SHWULVDQGDIWHUWKDWWKH\ZHUHFRYHUHGLQSODVWLFZUDS
DQG OHIW IRU JHUPLQDWLRQ DW & DQG GDUN
FRQGLWLRQV
6WUHVV WROHUDQFH LQGH[ 67,  >@ DQG VWUHVV
VHQVLWLYH LQGH[ 66,  >@ WR EHWWHU XQGHUVWDQG WKH
UHVSRQVHVRIFXOWLYDUVJURZQXQGHUVWUHVVFRQGLWLRQV

 
 
 

WRWKHVHVWUHVVHVFDOFXODWHG6WUHVVWROHUDQFHLQGH[LV
XVHGWRGHWHUPLQHWKHFXOWLYDUVWKDWVKRZKLJKYDOXH
LQ WHUPV RI WKH SURSHUWLHV H[DPLQHG ERWK XQGHU
VWUHVVIXO FRQGLWLRQV DQG XQGHU QRUPDO FRQGLWLRQV
6WUHVVVHQVLWLYHLQGH[RQWKHRWKHUKDQGLVXVHGWR
LGHQWLI\FXOWLYDUVWKDWKDYHORZYDOXHLQWHUPVRIWKH
WUDLWH[DPLQHGEXWVKRZKLJKYDOXHXQGHUVWUHVV
Ͳ 6WUHVVWROHUDQFHLQGH[ 67, 67,  <SLî
<VL <S
<SL 7KHWUDLWYDOXHRIHDFKW\SHXQGHUVWUHVV
IUHHFRQGLWLRQV FRQWURO 
<VL 7KHYDOXHRIWKHWUDLWVRIHDFKW\SHXQGHU
VWUHVV
<S 7KHDYHUDJHRIWKHWUDLWVH[DPLQHGRIWKH
FXOWLYDUVXQGHUVWUHVVIUHHFRQGLWLRQV FRQWURO 
Ͳ 6WUHVV VHQVLWLYH LQGH[ 66,  6,   <V 
<S 
66,   <VL<SL 6,
<S 7KHDYHUDJHRIWKHWUDLWVH[DPLQHGRIWKH
FXOWLYDUVXQGHUVWUHVVIUHHFRQGLWLRQV FRQWURO 
<V 7KHDYHUDJHRIWKHWUDLWVH[DPLQHGRIWKH
FXOWLYDUVXQGHUVWUHVVHGFRQGLWLRQV FRQWURO 
<SL 7KHWUDLWYDOXHRIHDFKW\SHXQGHUVWUHVV
IUHHFRQGLWLRQV FRQWURO 
<VL 7KHYDOXHRIWKHWUDLWVRIHDFKW\SHXQGHU
VWUHVV

Statistical analysis. 7KH GDWD REWDLQHG LQ WKH
VWXG\ ZHUH VXEMHFWHG WR DQDO\VLV RI YDULDQFH LQ
DFFRUGDQFHZLWKWKHFRPSOHWHO\UDQGRPL]HGGHVLJQ
ZLWK WKUHH UHSOLFDWLRQ XVLQJ -03 VWDWLVWLFV
SDFNDJH SURJUDP >@ WR FRPSDUH VLJQLILFDQW
GLIIHUHQFHV DPRQJ WUHDWPHQWV 7KH HIIHFWV RI
FXOWLYDUVVWUHVVIDFWRUVDQGLWVOHYHOVRQH[DPLQHG
SDUDPHWHUV ZHUH FODVVLILHG E\ 'XQFDQ¶V 0XOWLSOH
5DQJHWHVW>@


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

7KHYDULDQFHDQDO\VLVWDEOHUHJDUGLQJWKHGDWD
IRU JHUPLQDWLRQ VSHHG JHUPLQDWLRQ SRZHU URRW
OHQJWK VKRRW OHQJWK IUHVK ZHLJKW DQG GU\ ZHLJKW
DFTXLUHGXQGHUGURXJKWDQGVDOLQLW\VWUHVVIURPWKH
RDWFXOWLYDUVXVHGLQWKHVWXG\LVLOOXVWUDWHGLQ7DEOH
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*HUPLQDWLRQSDUDPHWHUVRIRDWFXOWLYDUVXQGHUGLIIHUHQWGURXJKWVWUHVVOHYHOV
*HUPLQDWLRQ6SHHG  




&KHFRWD
D
D
DE
FG
)DLNEH\
DF
EG
EG
FG
6H\GLúHKLU
DE
DE
EG
G
0HDQ





*HUPLQDWLRQ3RZHU  
&KHFRWD
D
DE
DE
DF
GI
)DLNEH\
DF
FH
EG
IK
JK
6H\GLúHKLU
DF
DF
EG
K
JK
0HDQ






5RRW/HQJWK FP 
&KHFRWD
D
DE
EG
HI
K
)DLNEH\
EF
EF
FH
IJ
J
6H\GLúHKLU
DE
EG
GH
IJ
J
0HDQ






6KRRW/HQJWK FP 
&KHFRWD
D
DE
F
HI
K
)DLNEH\
D
EF
G
GH
JK
6H\GLúHKLU
DE
EF
GH
IJ
JK
0HDQ






)UHVK:HLJKW J 
&KHFRWD
D
D
DE
F
H
)DLNEH\
D
DE
E
F
GH
6H\GLúHKLU
DE
DE
FG
H
H
0HDQ






'U\:HLJKW J 
&KHFRWD
D
HJ
FI
FG
EF
)DLNEH\
DE
GJ
FH
FH
F
6H\GLúHKLU
FH
J
J
J
IJ
0HDQ





PHDQVIROORZHGE\WKHGLIIHUHQWOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQWDWWKHSUREDELOLW\OHYHO
&XOWLYDUV


D
D
DE



'URXJKW DQGVDOLQLW\ VWUHVV IRU DOOSDUDPHWHUVZHUH
DQDO\]HGVHSHUDWHO\LQ7DEOH7KHDYHUDJHYDOXHV
RIWKHSDUDPWHWHUVDQGLWVFDWHJRUL]DWLRQDFFRUGLQJWR
'XQFDQ¶V 0XOWLSOH 5DQJH WHVW LV VKRZQ LQ 7DEOH 
DQG 7DEOH  VHSDUHWHO\ IRU GLIIHUHQW GURXJKW DQG
VDOLQLW\VWUHVVOHYHOV
7KH GURXJKW VWUHVV OHYHOV 3(*   DQG
FXOWLYDU î VWUHVV LQWHUDFWLRQ RI WKH SDUDPHWHUV DUH
VLJQLILFDQWO\ GLIIHUHQW p  )RU WKH FXOWLYDUV
VLJQLILFDQWO\GLIIHUHQFHLVGHWHUPLQHGIRUURRWOHQJWK
DQGVKRRWOHQJWK p 
$OO SDUDPHWHUV H[FHSW IRU VDOLQLW\ î FXOWLYDU
LQWHUDFWLRQ RI JHUPLQDWLRQ VSHHG DQG GU\ ZHLJKW 
ZHUH VLJQLILFDQWO\ GLIIHUHQW p  7DEOH  
6DOLQLW\îFXOWLYDULQWHUDFWLRQRIJHUPLQDWLRQVSHHG
ZDVVLJQLILFDQWO\GLIIHUHQW p :KLOHVDOLQLW\
î FXOWLYDU LQWHUDFWLRQ RI GU\ ZHLJKW ZDV QRW
VLJQLILFDQWO\GLIIHUHQW

*HUPLQDWLRQ6SHHGDQG3RZHU*HUPLQDWLRQ
VSHHG DQG JHUPLQDWLRQ SRZHU RI RDW FXOWLYDUV

0HDQ






























GHFUHDVHG ZLWK WKH LQFUHDVH RI GURXJKW VWUHVV
&KHFRWD KDG WKH KLJKHVW JHUPLQDWLRQ VSHHG DW 
 DQG  VWUHVV OHYHOV DQG )DLNEH\ KDG WKH
KLJKHVWJHUPLQDWLRQVSHHGDWVWUHVVOHYHO 7DEOH
  ,Q WHUPV RI JHUPLQDWLRQ VSHHG &KHFRWD KDV
KLJKHUGURXJKWVWUHVVWROHUDQFHWKDQRWKHUFXOWLYDUV
'URXJKWVWUHVVDIIHFWHGJHUPLQDWLRQVSHHGPRUHWKDQ
JHUPLQDWLRQ SRZHU &KHFRWD KDG WKH KLJKHVW
JHUPLQDWLRQ SRZHU RI DOO GURXJKW VWUHVV OHYHOV  ,Q
DJUHHPHQWZLWKVWUHVVWROHUDQFHLQGH[ 67, &KHFRWD
ZDV GHWHUPLQHG WKH PRVW WROHUDQW FXOWLYDU LQ
JHUPLQDWLRQSRZHU 7DEOH 
*HUPLQDWLRQ VSHHG RI RDW FXOWLYDUV XQGHU
LQFUHDVLQJ VDOLQLW\ VWUHVV LW LV VHHQ WKDW WKHUH DUH
PRUHLPSRUWDQWGHFUHDVHVFRPSDUHGWRWKHGURXJKW
VWUHVV&KHFRWDKDGWKHKLJKHVWJHUPLQDWLRQVSHHGDW
DQGJ1D&OVWUHVVOHYHOVDQG6H\GLVHKLU
KDG WKH KLJKHVW JHUPLQDWLRQ VSHHG DW  J VWUHVV
OHYHO 7DEOH &KHFRWDKDGWKHKLJKHVWJHUPLQDWLRQ
SRZHURIDQGJ1D&OVWUHVVOHYHOVDQG
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*HUPLQDWLRQSDUDPHWHUVRIRDWFXOWLYDUVXQGHUGLIIHUHQWVDOLQLW\VWUHVVOHYHOV
*HUPLQDWLRQ6SHHG 
J
J
J
&KHFRWD
E
EF
G
)DLNEH\
FG
GH
HI
6H\GLúHKLU
EF
FG
GH
0HDQ




*HUPLQDWLRQ3RZHU  
&KHFRWD
D
D
EF
EG
HI
)DLNEH\
D
E
GI
I
J
6H\GLúHKLU
D
E
EG
FH
HI
0HDQ






5RRW/HQJWK FP 
&KHFRWD
D
F
G
GH
IK
)DLNEH\
E
GH
HI
IJ
JK
6H\GLúHKLU
E
F
GH
H
IJ
0HDQ






6KRRW/HQJWK FP 
&KHFRWD
D
E
FG
GH
IK
)DLNEH\
D
HI
JK
JK
JK
6H\GLúHKLU
D
EF
H
IJ
JK
0HDQ






)UHVK:HLJKW J 
&KHFRWD
D
E
FG
GH
IK
)DLNEH\
D
FG
HJ
JL
KL
6H\GLúHKLU
E
F
HI
HJ
KM
0HDQ






'U\:HLJKW J 
&KHFRWD
EH
DH
DF
EH
DF
)DLNEH\
FH
D
EH
EH
EH
6H\GLúHKLU
I
GI
HI
GI
EH
0HDQ





PHDQVIROORZHGE\WKHGLIIHUHQWOHWWHUVDUHVLJQLILFDQWO\GLIIHUHQWDWWKHSUREDELOLW\OHYHO
&XOWLYDUV


D
D
D


J
D
E
E



6H\GLVHKLUKDGWKHKLJKHVWJHUPLQDWLRQSRZHURI
DQG  J VWUHVV OHYHOV $FFRUGLQJ WR WKH VWUHVV
VHQVLWLYHLQGH[ 66, )DLNEH\ZDVWKHPRVWVHQVLWLYH
FXOWLYDU WR VDOLQLW\ VWUHVV LQ WHUPV RI JHUPLQDWLRQ
VSHHG DQG JHUPLQDWLRQ SRZHU 7DEOH    7KHVH
UHVXOWVVKRZWKDWDVVWUHVVOHYHOVLQFUHDVHVFXOWLYDUV 
JHUPLQDWLRQ FDSDELOLWLHV UHGXFHG DQG WKHVH UHVXOWV
FRPSDWLEOHZLWKWKHSUHYLRXVUHVHDUFKHUV UHVXOWV>
@

5RRWDQG6KRRW/HQJWK8QGHUGURXJKWVWUHVV
OHYHOV &KHFRWD KDG PD[LPXP DQG PLQLPXP URRW
OHQJWK ZLWK  FP DQG  FP XQGHU FRQWURO
JURXS    GURXJKW VWUHVV OHYHO LQ WKH VDPH
YHLQ 7DEOH   5RRW OHQJWK GHFUHDVHG ZLWK
LQFUHDVLQJ GURXJKW VWUHVV OHYHO 7KH PD[LPDO
UHGXFWLRQRIURRWOHQJWKZDVREVHUYHGDIWHUDSSO\LQJ
GURXJKWVWUHVVOHYHO6LPLODUWRURRWOHQJWKPRVW
KLJKHVWVKRRWOHQJWKZDVGHWHUPLQHGLQ&KHFRWDZLWK
FPLQFRQWUROJURXSZKLOHPRVWORZHVWVKRRW
OHQJWKZDVGHWHUPLQHGLQ&KHFRWDZLWKFPLQ
 GURXJKW VWUHVV OHYHO *HQHUDOO\ WKHUH LV D
UHGXFWLRQ LQ URRW DQG VKRRW OHQJWK ZLWK LQFUHDVLQJ
GURXJKW VWUHVV OHYHO 7KH VKDUSHVW GURS RI VKRRW
OHQJWK ZDV QRWHG LQ &KHFRWD ZLWK   FP 
FRPSDUHGWRWKHRWKHUFXOWLYDUVLQRQJRLQJGURXJKW

J
JK
K
IJ

K
K
J

JK
K
JK

K
M
K

MN
N
MN

DG
DE
EH


0HDQ






























VWUHVVOHYHO)DLNEH\KDGWKHEHVWVKRRWGHYHORSPHQW
FRPSDUHGWRRWKHUFXOWLYDUVDWKLJKHVWGURXJKWOHYHOV
DQG  7DEOH 
8QGHU VDOLQLW\ VWUHVV OHYHOV &KHFRWD KDG
PD[LPXP URRW OHQJWK ZLWK  FP LQ FRQWURO
JURXSZKLOH)DLNEH\KDGPLQLPXPURRWOHQJWKZLWK
FPLQJ1D&O:LWKWKHLQFUHDVLQJVDOLQLW\
VWUHVV OHYHOV WKH URRW GHYHORSPHQW GHFUHDVHG >
@$OOFXOWLYDUVVWDUWHGUHGXFLQJWRURRWOHQJWK
DERYH OHYHO RI FRQWURO JURXS  WR  J VDOLQLW\
OHYHO  &KHFRWD DQG 6H\GLVHKLU SURGXFHG VLPLODU
UHDFWLRQV WR LQFUHDVLQJ VDOLQLW\ OHYHOV 7DEOH  
6KRRW OHQJWK XQGHU VDOLQLW\ VWUHVV OHYHO ZDV
GHFUHDVHGZLWKRQJRLQJVDOLQLW\VWUHVVOHYHOVLPLODU
WR URRW OHQJWK %HQOLRJOX DQG 2]NDQ >@
'XPOXSÕQDU HW DO >@ 6DGDW 1RRUL DQG 0FQHLOO\
>@(O0DGLGLHWDO>@DQG3DWWHUVRQHWDO>@
VWDWHGWKDWWKHUHZDVFRQVLGHUDEOHUHGXFWLRQLQVKRRW
GHYHORSPHQW ZLWK LQFUHDVLQJ VWUHVV OHYHOV
0D[LPXP VKRRW OHQJWK ZDV REVHUYHG LQ &KHFRWD
ZLWK  FP LQ FRQWURO JURXS 0LQLPXP VKRRW
OHQJWKZDVGHWHUPLQHGLQ)DLNEH\ZLWKFPLQ
J VDOLQLW\ VWUHVV OHYHO 6DOLQLW\ VWUHVV OHYHOV ZHUH
DIIHFWHG QHJDWLYHO\ PXFK PRUH WKDQ WKH GURXJKW
VWUHVV OHYHOV IRU FXOWLYDUV¶ URRW OHQJWK DQG VKRRW
OHQJWK
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6WUHVVWROHUDQFHLQGH[ 67, DQGVWUHVVVHQVLWLYHLQGH[ 66, 
YDOXHVRIRDWFXOWLYDUVXQGHUGLIIHUHQWGURXJKWVWUHVV


&XOWLYDUV


*HUPLQDWLRQ
6SHHG  

*HUPLQDWLRQ
3RZHU  

6WUHVV7ROHUDQFH,QGH[
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)DLNEH\









6H\GLúHKLU
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67, GHFUHDVHG ZLWK LQFHUDVLQJ GURXJKW DQG
VDOLQLW\VWUHVVOHYHOVIRUURRWOHQJWKDQGVKRRWOHQJWK
&KHFRWDZDVWKHPRVWWROHUDQWFXOWLYDUZLWKUHJDUGWR
67, DQG 66, IRU ERWK VWUHVV IDFWRUV LQ WKLV VWXG\
$FRRUGLQJ WR PHDQ URRW OHQJWKV RI FXOWLYDUV LQ
GLIIHUHQW GURXJKW VWUHVV OHYHOV &KHFRWD KDG
PD[LPXP 67, ZLWK  ZKLOH 6H\GLVHKLU KDG
PLQLPXP 67, ZLWK 7DEOH   6LPLODU WR 67,
&KHFRWDKDGWKHPRVWKLJKHVW66,ZLWKZKLOH
)DLNEH\KDGWKHPRVWORZHVW66,ZLWK
,QGLIIHUHQWVDOLQLW\VWUHVVOHYHOV&KHFRWDZDV
WKHFXOWLYDUZKLFKKDVPRVWKLJKHVW67,ZLWK
IRUURRWOHQJKW)DLNEH\KDGPLQLPXP67,ZLWK
DFFRUGLQJ WR WKH PHDQ YDOXHV RI URRW OHQJKW
&RQVLGHULQJDYHUDJHYDOXHVRIVKRRWOHQJKW&KHFRWD
KDGWKHPD[LXP67,ZLWKZKLOH6H\GLVHKLUKDG
WKHPLQLPXP67,ZLWK$VLWLVPHQWLRQHGDERXW
66, PD[LPXP 66, ZDV VKRZHG LQ )DLNEH\ ZLWK
 ZKLOH PLQLPXP 66, ZDV GHWHUPLQHG LQ
6H\GLVHKLUZLWK 7DEOH 

)UHVKDQG'U\:HLJKW8QGHUGURXJKWVWUHVV
OHYHOV &KHFRWD KDG PD[LPXP IUHVK ZHLJKW ZLWK
 J DQG  J LQ  DQG  OHYHOV
UHVSHFWLYHO\ 7KHQ )DLNEH\ KDG UHDFKHG WKH
PD[LPXPIUHVKZHLJKWJDQGJLQ
DQGGURXJKWOHYHOV 7DEOH 6H\GLVHKLUKDGWKH

PLQLPXP IUHVK ZHLJKW LQ DOO GURXJKW VWUHVV OHYHOV
)DLNEH\6H\GLVHKLUDQG&KHFRWDGHFUHDVHG
DQGIUHVKZHLJKWXQGHUFRQWUROJURXS
WRGURXJKWVWUHVVOHYHOVLQWKHVDPHRUGHU:LWK
LQFUHDVLQJ GURXJKW VWUHVV OHYHOV FXOWLYDUV KDG
FKDOOHQJHVLQJHUPLQDWLRQDQGUHGXFWLRQRIURRWDQG
VKRRWGHYHORSPHQWZKLFKLQWXUQFDXVHGUHGXFHGWKH
IUHVK ZHLJKWV 7KHVH UHVXOWV FRPSDWLEOH ZLWK
SUHYLRXVILQGLQJV>@&KHFRWDZDVWKHFXOWLYDU
ZKLFKKDGPD[LPXPGU\ZHLJKWZLWKJZKLOH
6H\GLVHKLU KDG PLQLPXP GU\ ZHLJKW ZLWK  J
'U\ ZHLJKW ZDV GHFUHDVHG ZLWK DQ LQFUHDVLQJ
GURXJKWVWUHVVOHYHO0DQ\UHVHDUFKHUVSRLQWRXWWKDW
ZKHQ WKH GURXJKW DQG VDOLQLW\ VWUHVV LQFUHDVHV WKH
XWLOL]DWLRQRIVWDUFKVWRUHGLQWKHHQGRVSHUPRIWKH
VHHGV EHFRPHV OLPLWHG >@ $V D UHVXOW RI WKLV
VLWXDWLRQWKHUHPLJKWEHDUHGXFWLRQLQURRWDQGVKRRW
OHQJWKWKHUHVWLOOPLJKWEHDQLQFUHDVHLQGU\ZHLJKW
GXHWRWKHIDFWWKDWWKHUHVRXUFHVZLWKLQWKHVHHGDUH
QRWFRQVXPHGDVWKHVWUHVVLQFUHDVHV
,WLVXQGHUVWRRGWKDWDQLQFUHDVLQJVDOLQLW\VWUHVV
LVDIIHFWHGPRUHWKDQGURXJKWVWUHVVOHYHOLQIUHVKDQG
GU\ZHLJKW8QGHUVDOLQLW\VWUHVVOHYHOV&KHFRWDKDG
PD[LPXP DQG PLQLPXP IUHVK GU\ ZHLJKW ZLWK
JJLQWKHVDPHRUGHU)DLNEH\ZDVWKH
FXOWLYDU ZKLFK KDV PLQLPXP IUHVK ZHLJKW ZLWK
J%HVLGHV6H\GLVHKLUKDGWKHPLQLPXPGU\
ZHLJKWZLWKJ 7DEOH 
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)RUIUHVKZHLJKWDQGGU\ZHLJKWXQGHUGURXJKW
VWUHVV OHYHO &KHFRWD KDG PD[LPXP 67, ZLWK 
DQG  ZKLOH 6H\GLVHKLU KDG PLQLPXP VWUHVV
WROHUDQFH ZLWK  DQG  UHVSHFWLYHO\ $V LW LV
PHQWLRQHG DERXW 66, )DLNEH\ ZDV WKH FXOWLYDU
ZKLFK KDV D PD[LPXP 66, ZLWK  RQ IUHVK
ZHLJKWZKLOH&KHFRWDZDVWKHFXOWLYDUZKLFKKDVD
PLQLPXP66,ZLWK 7DEOH 
)RUPHDQRIIUHVKZHLJKWDQGGU\ZHLJKWXQGHU
VDOLQLW\VWUHVVOHYHO&KHFRWDKDGPD[LPXP66,ZLWK
 DQG  ZKLOH 6H\GLVHKLU KDG PLQLPXP 66,
ZLWK  DQG  UHVSHFWLYHO\ )DLNEH\ DQG
6H\GLVHKLU KDG PD[LPXP 66, IRU IUHVK DQG GU\
ZHLJKW ZLWK  DQG  LQ WKH VDPH YHLQ
6H\GLVHKLUDQG&KHFRWDKDGPLQLPXP66,IRUIUHVK
DQG GU\ ZHLJKW ZLWK  DQG  UHVSHFWLYHO\
7DEOH  &KHFRWD LV WKH PRVW WROHUDQW FXOWLYDUV LQ
WKLV VWXG\ XQGHU ERWK VWUHVV IDFWRUV )DLNEH\ ZDV
IRXQG WR EH PRUH VHQVLWLYH WKDQ &KHFRWD DQG
6H\GLVHKLUWRVDOLQLW\VWUHVV


&21&/86,216

7KUHHFXOWLYDUV &KHFRWD)DLNEH\6H\GLVHKLU 
DUHXVHGDVPDWHULDOVLQWKLVVWXG\GXHWRLPSRUWDQW
UROH RI RDW SURGXFWLRQ DQG EUHHGLQJ LQ 7XUNH\
1HJDWLYH LPSDFWV RI GURXJKW DQG VDOLQLW\ VWUHVV

OHYHOVDUHVSHFLILHGLQDOOSDUDPHWHUVZLWKLQFUHDVLQJ
VWUHVV OHYHOV $V WKH GURXJKW DQG VDOLQLW\ VWUHVV
LQFUHDVHVLWLVREVHUYHGWKDWJHUPLQDWLRQLVGHOD\HG
DQG JHUPLQDWLRQ SRZHU LV GHFUHDVHG GXH WR WKH
LQFUHDVLQJVWUHVVHVOHYHOV:LWKWKHLQFUHDVHGVWUHVV
OHYHOV WKH URRW DQG VKRRW OHQJWKV DUH DOVR VHHQ D
KLJKO\ UHGXFWLRQ  &KHFRWD LV WKH PRVW WROHUDQW
FXOWLYDUV FRPSDUHG WR WKH 6H\GLVHKLU DQG )DLNEH\
XQGHUGURXJKWDQGVDOLQLW\VWUHVVDWWKHHDUO\JURZWK
VWDJH 8QGHU WKH VDOLQLW\ VWUHVV FRQGLWLRQV
6H\GLVHKLUVKRZHGDVLPLODUSHUIRUPDQFHWR&KHFRWD
DQGLWFDQEHVDLGWKDWLWKDVPRUHWROHUDQFHWRVDOLQLW\
VWUHVVWKDQWKH)DLNEH\%HVLGHVGXHWR1D&OFDXVHV
ERWK LRQ VWUHVV DQG GURXJKW VWUHVV RQ SODQWV LW LV
REVHUYHG WKDW VDOLQLW\ VWUHVV PRUH DIIHFWHG WKDQ
GURXJKWVWUHVVRQRDWFXOWLYDUV


5()(5(1&(6

>@ )$2  )RRGDQG$JULFXOWXUH2UJDQL]DWLRQ
)$2 KWWSIDRVWDWIDRRUJGRZQORDG44&
( $FFHVVGDWH 
>@ /DUFKHU :   3K\VLRORJLFDO 3ODQW (FRO
RJ\1HZ<RUN
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>@ 8GGLQ 01 +RVVDLQ 0$ DQG %XUULWW '-
  6DOLQLW\ DQG GURXJKW VWUHVV VLPLODULWLHV
DQGGLIIHUHQFHVLQR[LGDWLYHUHVSRQVHVDQGFHO
OXODU UHGR[ UHJXODWLRQ :DWHU 6WUHVV DQG &URS
3ODQWV$6XVWDLQDEOH$SSURDFK
>@ %DUWHOV'DQG6XQNDU5  'URXJKWDQG
VDOW WROHUDQFH LQ SODQWV&ULWLFDO 5HYLHZV LQ
3ODQW6FLHQFHV  
>@ =KX-.  6DOWDQG'URXJKW6WUHVV6LJQDO
7UDQVGXFWÕRQLQ3ODQWV$QQXDO5HYLHZRI3ODQW
%LRORJ\
>@ 3LWPDQ0*DQG/lXFKOL$  *OREDO,P
SDFW RI 6DOLQLW\ DQG $JULFXOWXUDO (FRV\VWHPV
6DOLQLW\ (QYLURQPHQW3ODQWV0ROHFXOHV 3XE
OLVKHG E\ .OXZHU $FDGHPLF 3XEOLVKHUV 'RU
GUHFKW7KH1HWKHUODQGV
>@ 7XWHMD1  0HFKDQLVPVRI+LJK6DOLQLW\
7ROHUDQFH LQ 3ODQWV 0HWKRGV LQ (Q]\PRORJ\

>@ <DVDU ) .XVYXUDQ 6 DQG (OOLDOWÕRJOX 6
  ,QYHVWLJDWLRQ RI 5HODWLRQVKLSV %HWZHHQ
$QWLR[LGDQW (Q]\PH $FWLYLWLHV DQG (QGXUDQFH
LQ6DOLQLW\DQG'URXJKW6WUHVV6WXGLHVWK1D
WLRQDO 9HJHWDEOH $JULFXOWXUH 6\PSRVLXP 

>@ &XOKD6DQG&DNÕUODU+  7KH(IIHFWRI
6DOLQLW\ RQ 3ODQWV DQG 6DOW 7ROHUDQFH 0HFKD
QLVPV $I\RQ .RFDWHSH 8QLYHUVLW\ -RXUQDO RI
6FLHQFHV  
>@%HJXP ) .DUPRNHU -/ )DWWDK 4$ DQG
0DQLUX]]DPDQ$)0  7KHHIIHFWRIVD
OLQLW\DQG,WVFRUUHODWLRQZLWK.1D&ODF
FXPXODWLRQ LQ JHUPLQDWLQJ VHHGV RI Triticum
aestivum / FY $NEDU 3ODQW &HOO 3K\VLRORJ\
  
>@3DUODN 0   6DOW WROHUDQFH RI WZREDUOH\
Hordeum vulgare /  YDULHWLHV LQ GLIIHUHQW
VWDJHV RI GHYHORSPHQW 0DVWHU 7KHVLV $QNDUD
8QLYHUVLW\ ,QVWLWXWH RI 6FLHQFH 8QSXEOLVKHG 
$QNDUD7XUNH\
>@0XQQV5DQG7HUPDDW$  :KROHSODQW
UHVSRQVHVWRVDOLQLW\$XVWUDOLDQ-RXUQDORI3ODQW
3K\VLRORJ\  
>@,67$  ,QWHUQDWLRQDO6HHG7HVWLQJ$VVR
FLDWLRQ,QWHUQDWLRQDO5XOHVIRU6HHG7HVWLQJ
>@%HQOLRJOX%DQG2]NDQ8  'HWHUPLQD
WLRQ RI 5HVSRQVHV RI VRPH %DUOH\ &XOWLYDUV
Hordeum vulgare / WR6DOW6WUHVVLQ'LIIHUHQW
'RVHV DW WKH *HUPLQDWLRQ 3HULRG -RXUQDO RI
&HQWUDO 5HVHDUFK ,QVWLWXWH IRU )LHOG &URSV
  
>@)HUQDQGH] *&-   (IIHFWLYH VHOHFWLRQ
FULWHULDIRUDVVHVVLQJSODQWVWUHVVWROHUDQFH,Q
3URFHHGLQJV RI 6\PSRVLXP 7DLZDQ ±
$XJ±
>@)LVFKHU5$DQG0DXUHU5  'URXJKWUH
VLVWDQFHLQVSULQJZKHDWFXOWLYDUV,*UDLQ\LHOG
UHVSRQVHV $XVWUDOLDQ -RXUQDO RI $JULFXOWXUDO
5HVHDUFK±

>@6$6,QVWLWXWH,QF-03  6WDWLVWLFDO'LV
FRYHU\ 6RIWZDUH YHUVLRQ  6$6 ,QVWLWXWH
,QF&DU\1&86$
>@6WHHO 5* 7RUULH -+ DQG 'LFNH\ '$
 3ULQFLSOHV$QG3URFHGXUHVRI6WDWLVWLFV
$ %LRPHWULFDO $SSURDFK 9RO   1HZ<RUN
86$0F*UDZ+LOO1HZ<RUN
>@+XDQJ-DQG5HGPDQQ5(  6DOWWROHU
DQFH of Hordeum DQG Brassica VSHFLHV GXULQJ
JHUPLQDWLRQ DQG HDUO\ VHHGOLQJ JURZWK &DQD
GLDQ-RXUQDORI3ODQW6FLHQFH  
>@3DQFKROL65%KDUJDYD6&DQG6LQJK$.
 6FUHHQLQJRIZKHDWJHQRW\SHVDWGLIIHU
HQW VDOLQLW\ OHYHOV IRU JHUPLQDWLRQ SHUFHQWDJH
$QQDOV RI $JULFXOWXUDO %LRORJLFDO 5HVHDUFK
  
>@3UD]DN 5   6DOW WROHUDQFH RI Triticum
monococcum/T. dicoccum 6FKUDQN 6FKXEO
T. durum 'HVI DQG T. aestivum / VHHGOLQJV
-RXUQDORI$SSOLHG*HQHWLFV  
>@6HQD\ $ .D\D 0' $WDN 0 DQG &LIWFL
&<  7KH(IIHFWVRI1D&O/HYHOV2Q*HU
PLQDWLRQ$QG6HHGOLQJ*URZWK2I6RPH%UHDG
:KHDW &XOWLYDUV -RXUQDO RI &HQWUDO 5HVHDUFK
,QVWLWXWHIRU)LHOG&URSV  
>@.DUD%$NJXQøDQG$OWÕQGDO'  (I
IHFWV RI 6DOLQLW\ 1D&O  RQ *HUPLQDWLRQ DQG
6HHGOLQJ *URZWK LQ 7ULWLFDOH *HQRW\SHV 6HO
FXN-RXUQDORI$JULFXOWXUHDQG)RRG6FLHQFHV
  
>@-DPLO0/HH&&5HKPDQ68/HH'%
$VKUDI0DQG5KD(6  6DOLQLW\ 1D&O 
WROHUDQFHRIBrassicaVSHFLHVDWJHUPLQDWLRQDQG
HDUO\VHHGOLQJJURZWK(OHFWURQLF-RXUQDORI(Q
YLURQPHQWDO$JULFXOWXUDODQG)RRG&KHPLVWU\

>@'XPOXSÕQDU = .DUD 5 'RNX\XFX 7 DQG
$NND\D $   7KH (IIHFWV RI (OHFWULFDO
&XUUHQWVDQG6DOW&RQFHQWUDWLRQRQ*HUPLQDWLRQ
DQG6HHGOLQJ&KDUDFWHUVRI6RPH'XUXP:KHDW
*HQRW\SHV *URZLQJ 6RXWK $QDWROLDQ 5HJLRQ
.68-RXUQDORI6FLHQFHDQG(QJLQHHULQJ  

>@-DIDU]DGHK$DQG$OLDVJKDU]DG1  6D
OLQLW\DQGVDOWFRPSRVLWLRQHIIHFWVRQVHHGJHU
PLQDWLRQDQGURRWOHQJWKRIIRXUVXJDUEHHWFXO
WLYDUV%LRORJLD  
>@6DGDW1RRUL6$DQG0F1HLOO\7  $V
VHVVPHQWRIYDULDELOLW\LQVDOWWROHUDQFHEDVHGRQ
VHHGOLQJ JURZWK LQ Triticum durum 'HVI *H
QHWLF5HVRXUFHVDQG&URS(YROXWLRQ  

>@(O0DGLGL6(O%DURXGL,DQG$DPHXU)%
  (IIHFWV RI VDOLQLW\ RQ JHUPLQDWLRQ DQG
HDUO\ JURZWK RI EDUOH\ Hordeum vulgare / 
FXOWLYDUV -RXUQDO RI $JULFXOWXUDO %LRORJ\ 
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>@3DWWHUVRQ-+1HZELJLQ(7HVWHU0%DFLF
$DQG5RHVVQHU8  0HWDEROLFUHVSRQVHV
WR VDOW VWUHVV RI EDUOH\ Hordeum vulgare / 
FXOWLYDUV6DKDUDDQG&OLSSHUZKLFKGLIIHULQVD
OLQLW\ WROHUDQFH -RXUQDO RI ([SHULPHQWDO
%RWDQ\  ±
>@6DERRUD$.LDURVWDPL.%HKURR]ED\DWL)
DQG+DMLKDVKHPL6  6DOLQLW\ 1D&O WRO
HUDQFH RI ZKHDW JHQRW\SHV DW JHUPLQDWLRQ DQG
HDUO\VHHGOLQJJURZWK3DNLVWDQ-RXUQDORI%LR
ORJLFDO6FLHQFH  
>@.DUDNXOOXNFX(DQG$GDN06  'HWHU
PLQDWLRQRI6DOLQLW\7ROHUDQFHRI6RPH&KLFN
SHD Cicer arietinum /  9DULHWLHV -RXUQDO RI
$JULFXOWXUDO6FLHQFHV  
>@$OPDQVRXUL 0 .LQHW -0 DQG /XWWV 6
  (IIHFW RI VDOW DQG RVPRWLF VWUHVVHV RQ
JHUPLQDWLRQ LQ GXUXP ZKHDW Triticum durum
'HVI 3ODQWDQG6RLO  

5HFHLYHG
$FFHSWHG




&255(6321',1*$87+25
%HUN%HQOLRJOX
'HSDUWPHQWRI)LHOG&URSV$JULFXOWXUH)DFXOW\
$QNDUD8QLYHUVLW\
'LVNDSL$QNDUD7XUNH\
HPDLO EHQOLRJOXEHUN#KRWPDLOFRP
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KEY DISCRIMINANT FACTORS AFFECTING HOTELS
OWNERS AND MANAGERS TENDENCIES TOWARDS
IMPLEMENTATION OF WATER CONSERVATION
MEASURES, AND RAINWATER HARVESTING SYSTEMS
INSTALLATION AT HOTELS IN JORDAN
Abdelfattah L Abdallah1, Tawfiq M AL Antary2,*
2
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Department of Geography, University of Jordan, Amman, 11942, Jordan
Department of Plant Protection, Faculty of Agriculture, University of Jordan, Amman, 11942, Jordan

necessary for formulating water conservation
program.
Hoteliers in the GAM perceive that providing
funding and technical assistance from governmental
sources would be strong incentives for them to
adopt water conservation programs and rainwater
harvesting systems installation. Therefore, funds
are clearly needed to be provided from Ministries of
Water & Irrigation to owners and managers to
encourage hoteliers adopt water – savings programs
in the GAM, where water is necessary for hotels
and many other tourism establishments such as
restaurants and resorts.

ABSTRACT
Growing demand for water in hotels due to
increasing tourist number in the Greater Amman
Municipality (GAM) – Jordan before the Corona
pandemic in 2019/2020, and water supply
interruption during summer months, are likely to
result in worsening water situation in hotels that
depend on water to sustain their business as usual.
A 158 questionnaires were administered to hotels
owners and managers in the GAM. Data derived
from questionnaires were analyzed by utilizing the
Discriminant analysis method to explore the
hoteliers' tendencies towards implementing water
conservation and water harvesting programs.
Results of the study revealed that 97.4% of owners
and managers would consider the adoption of water
conservation measures as a solution to the problem
water supply interruption during summer months. It
was found that three variables were the most
important in discriminating between the
respondents' judgment regarding whether water
conservation policy has a high priority or not. They
are: education level, funds, and technical staff in
formulating and implementing water conservation.
While about 94.7% of owners and managers
inclined towards considering implementation of
water savings measures would be a high priority. It
was found that three variables were the most
important in discriminating between the
respondents attitudes regarding whether water
conservation policy has a high priority or not. They
are: education level, lack of funds, and the
availability of technical staff for formulating water
conservation programs and installing rainwater
harvesting. Six discriminating variables were also
found most important in classifying respondents'
tendencies toward formulating and implementing
water conservation measures in the future. They
are: high costs of water bought from vendors,
appropriate water legislation, grey water reuse, and
insufficient funds for implementing water savings
measures, experience, and lack of data base

KEYWORDS:
Hotels, Water conservation measures, Water harvesting,
Discriminate analysis, Jordan

INTRODUCTION
Growing concerns about water shortage as a
consequence of erratic rainfall rates, are likely to
give rise to conflicts between agriculture. Industry,
tourism, and households [1,2,3,4]. In general, hotels
can play an important role in attaining sustainable
water use by adopting water-saving measures that
result in efficient water use, and encouraging water
conservation awareness among guests (tourists) in
hotels. To achieve this, however, hoteliers first need
to be aware of the water problems that exist and lie
ahead [5,6].
Jordan faces a worrying water situation
represented by an increase in the demandfor
drinking water, industry, tourism, and agricultural
purposes that exceeds what isprovided by the
traditional water resources available in most regions
of the Kingdom [7]. This critical water situation is
mainly attributed to the limited water resources of
Jordan, which was caused by erratic rates of
precipitation from year to yearand from one
geographical area to another. What contributes
more in recent two decades to the severity ofthe
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water shortage in Jordan, is the sudden influx of
expatriates abroad, and Syrian refugees as aresult
offorced migrations during the successive crises in
theregion.
The future of tourism sector in Jordan depends
on the availability of water supply. Rising tourist
numbers before the pandemic Corona in 2019,
caused increasing water demand in hotels sector
(about one million cubic meter) [8] in the Greater
Amman Municipality (GAM). However, the
question that comes to mind is :Will the increased
awareness of hoteliersin the Greater Amman
Municipality (GAM) of the advantages of
conserving and harvesting waterlead to the
implementation of water - savings measuresand
raising the efficiency of their future uses ?

This is largely due to the lack of investment and the
required space for installing the rainwater
harvesting systems. Other significant obstacles
identified in the literature are difficulties of
obtaining governmental loans and grants [21-24]
for
water
conservation
and
harvesting
implementation programs. Other studies found
some type of difficulties related to engaging hotels
staff in water saving programs [25,26]. A number
of studies focused on incentives that explain why
hotels owners and managers will be more likely to
implement water saving measures. The incentives
include financial grants offered by governmental
institutions. [12,28,29,30].
At the local level, a study was conducted on
water awareness by the Jordan Environment
Association in cooperation with the Jordanian
Ministry of Water and Irrigation [31]related to
assessing the attitudes of a sample of individuals
and water decision - makers in six of the
Kingdom'sgovernorates regarding limited water
resources and mechanisms to raise water awareness
in Jordan. Studies revealed that raising the level of
individuals' knowledge of the problems of limited
water resources in Jordan has a positive impact on
their attitudes towards conserving water and
rainwater harvesting.
In an effort to preserve the limited water
resources in Jordan and help hotels cut down their
water use, the Ministry of Water & Irrigation
published in 2012 “The Hotels Water Use
Efficiency Guide” [11]. The guide seeks to
introduce the hotels to best saving water practices
in order to achieve water use efficiency. Further,
the guide includes other practices such as
identifying leakage sources and how to fix them, as
well as alternative water sources (rainwater
harvesting and grey water reuse). Such additional
water sources would supplement hotels with water
during dry summer months.
The study carried out by Abdallah [32] related
to determining the motives of thetendencies of
those in charge of the Jordanian industrial
establishments towardsrationalizing water use,
showed that a limited number of Jordanian
industrialestablishments are actually practicing
water-rationalization measures in orderto reduce the
costs of production process requirements . The
study also revealed the desire of those incharge of
the Jordanian industrial establishments to continue
activating the procedures for conserving water
voluntarily in the event ofobtaining more
information and technical assistance relatedtothe
procedures for rationalizing water.
From the foregoing and from the presentation
of the previous studies, it is evident thatthe
tendencies of owners and managers in hotels and
the decision-makers in whatever institutions are of
great importance in adopting and activating
programs of water conservation and harvesting as

Theoretical Background. Previousstudies at
global and local levels, dealt with the issue of
adopting and activating water conservation and
water harvesting measures byowners and managers
of hotels sector,which indicate that the activation of
water rationalization and rainwater harvesting
programs is linked to key factors, includingthe
respondents (hotels owners and managers)
experience, the educational level, financing, costs
of programs implementation, the water situation,
legislative and institutional changes.
In general, hotels need large volumes of water
to cover a wide range of uses (laundry, swimming
pools, landscaping, kitchens, and bedrooms) [9,10].
It is no different in Jordan, According to the
Ministry of Water & Irrigation, A water audit of 19
hotels in Jordan showed that on average, two-and
three-star hotels consume 160 liters/day/guest, fourstar hotels 349 liters/day/guest and five star hotels
873 liters/day/guest [11]. However, the high rates
of water use in hotels was coupled with the
worsening situation in different areas of the world,
have given rise to numerous studies investigating
water conservation programs in hotels. But most of
the studies have focused on beach [12,13] and
resort [14] tourist facilities.
Worldwide, not all hotels and other tourist
establishments choose to follow the path of water
demand management by implementing water
conservation and harvesting measures. The main
reason given is cost of engaging high skilled
personnel in this process [15]. On the other hand,
few studies have investigated the benefits of
implementing water conservation and rainwater
harvesting measures in hotels. Measures that
require little investment and have much shorter
payback period will be adopted before the more
sophisticated measures such as the installation of
rainwater harvesting systems [16,17,18].
Regarding studies investigating major reasons
of adopting water harvesting systems by few hotels,
Chan et al. [19,20] found fewer hotelier in Hong
Kong have installed rainwater harvesting systems.
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funding to prepare and activate water
rationalization programs on enhancing the positive
attitudes of the respondents towards activating
future water harvesting and rationalization
programs in Jordanian hotel sector?

crucial alternatives in the long term to traditional
solutions of buying water from vendors at high
costs. Accordingly, revealing tendencies of owners
and hotels managers towards conserving and
harvesting water in Jordan’s hotels sector is useful
in creating appropriate conditions and accurate
futurepreparation for a comprehensive water
conservation strategy atthe level of tourism sector
in the Kingdom.
The importance of managing and preserving
water resources within a well-definedwater strategy
in hotels sector depends to a large extent on the
conditions in which programs forconserving water
will be adopted, activated and effectively preserved.
However, the owners or managers awareness of
many measures torationalize water consumption,
and to harvest rainwater in hotels may not
guarantee with certainty that they willadopt these
measures and implement them in actuality, except
in exceptionalemergency drought conditions, or in
the event that the water supplysystems in some
geographical areas fail to Meet the needs of water
demand inlimited periods of the year(summer
months).
Accordingly, the current study will shed
lighton the key factors that distinguish any future
tendency towards adopting water rationalization
and water harvestingprograms and activating them
byowners and the managers in the Jordanian hotels
sector.
The main objective of the study is an attempt
to uncover the distinctive factors of the tendencies
of owners or managers in the Jordanian hotels
sector in GAM towards adopting rainwater
harvesting &water- saving programs. Further, the
second objective of this research is toevaluate the
tendencies of owners and managers in hotels
towards adopting and activating rainwater
harvesting and water rationalization programs to
cover their water needs during summer months.
Theobjectives of the present study were achieved
through answering thefollowing questions:

Study
Area.
The
Greater
Amman
Municipality (GAM) is a major urban center in
Jordan. It is located in the Capital Governorate (Fig.
1). GAM is an ideal study area for studying water
conservation and rainwater harvesting measures
that would be adopted by owners and managers of
hotels. The Greater Amman Municipality GAM) is
a good study case because there is a high
percentage (70% of total hotels in Jordan) of hotels
in it, and an ideal study area for investigating
rainwater harvesting and water saving measures
that would be adopted by hotels owners and
managers. AS other cities in Jordan, the GAM faces
frequent public water supply interruptions from
during summer months, and this problem is likely
to continue in the future.
Methodology. The study population consisted
of decision-makers (owners and managers) in hotels
sector in the Greater Amman Municipality. The
number of respondents who participated in filling
the questionnaire was 158 hotels owner and
manager [32] (Figure 2).
To
answer
the
research
questions,
aquestionnaire was designed to include 12 items
(paragraphs) covering various aspects of the
research problem. The questionnaire was prepared
after being guided by thetheoretical background
related to attitudes of respondents towards
activating rainwater harvesting and water
conservation programs as one of the main solutions
to confront the water needs in hotels [33]. Relevant
research literature [34] was used, with the aim of
identifying the main factors affecting the attitudes
of decision-makers in the hotels sector towards
activating programs for rationalizing water
consumption
and
water
harvesting.
The
questionnaire was presented to fivereferees
interested in water harvesting and conservation ,and
some of its paragraphs were amended based on the
opinions and suggestions ofthe referees .
To analyze the collected dataset, and extract
the discriminatory ability of each of the
independent variables for any future tendency of
decision-makers in the hotelssector in the GAM
towards activating measures of rationalizing water
and
rainwater
harvesting,
the
methodof
discriminant analysis was used. This technique
isconsidered one of the most appropriate statistical
methods that describe the characteristics of the
groups of cases studied [35]. The discriminant
analysis method uses a number of independent
variables to classify cases or observations
(respondents) In any of the groups included in the

First: What arethe tendencies of owners or
managers towards addressingthe problem of the
increasing demand for water in hotels sector?
Second: What arethe inclinations or
orientations of decision-makers in hotels towards
activating programs for conserving water in orderto
face interrupted water supply specially during
summer season in the GAM?
Third:
What
isthe
impact
of
therespondent'slength
of
service(experience),
hiseducational level, the high cost of water supplied
to hotels, financial subsidies, water legislation, and
the extent of the water situation on his tendency
towards the activation ofwater harvesting and
rationalization programs?
Fourth: What isthe impact of technical
assistance, the needed database ,and the necessary
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FIGURE 1
Location of the study area (GAM) in Jordan .

FIGURE 2
Number and Percentage of hotels in the GAM
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study . Therefore,,the data are classified into groups
so that each group is given an agreed number, such
as if the first group is given the number (1) and the
second group the number (2) and so on . In the
current study, the respondents whose views are to
face the interrupted water supplies problem
throughadding more storage tanks on rooftops of
hotels, were considered from the first group (Group
1), while those who tend to buy water from water
vendors were considered from the second
group(Group 2) , And thosewho prefer restricted
reuse of treated wastewater (Group 3) , and lastly,
those who tend to adopt the activation of harvesting
water programs and raise the efficiency of its uses
form the fourth group (Group 4). The aim of using
the discriminate analysis method is to measure the
differencesbetween groups of respondents who are
included in the study, as well as topredict the
affiliation of each respondent in the group on the
basis of a numberof discriminatory variables
combined [36]. The key objective of the
discriminant analysis method is to find the
mostappropriate discriminant functions, which
statistically can deepen or widen the variance
between groups by maximizing theF-value. It
isunlikely that there willbe a singleindependent
variable through which it can be distinguish
between groups ofrespondents, but it can through
the integration of these independent variables
toobtain one or a number of dimensions.
Throughwhich the compilation ofrespondents in
certain groups and interpreted variations between
groups. In the event that the analysis includes four
groups, in this case, three functions arederived to
distinguish between the four groups in order to be
used in classifying the respondents in one of the
four groups, and to distinguish between the
fourgroups as well. Since thenumber of
discriminant functions depends on the number of
groups, usually the number of functions will be
equal the number of groups minus one.
To test the statistical significance of the
discriminate function, the Wilkes – Lambda test
was used, Wilk's- Lamba which is denoted by the
Latin letter (^) and sometimes called U-Statistics ,
(One of the tests used to test differences between
the groups containing multiple discriminatory
variables). The value of Wilkes – Lambda ranges
between zero and one, where the large Wilkes –
Lambda value indicates the absence of variance
between groups, and for this, the smaller the value
of Wilkes – Lambda indicates the existence of
discrepancy between the groups and there is a
statistical significance of the variance between
groups. Since there are many factors that
distinguish between the attitudes of owners or
managers in the hotels sector in the GAM related to
the confrontation of limited water supplies in
hotels, it is expected that the hotels owners or
managers attitudes related to their tendencies

toward implementing rainwater harvesting and
conservation programs to be determined by the
following independent variables: the length of the
respondent’s experience .In the field of water
harvesting and conservation, the educational level,
the respondent judgment on the water supply
situation in hotels, the cost of developing water
harvesting systems, the availability of funding,
technical personnel, databases, necessary water
legislations that affect any formulation and
activation water harvesting and conservation
programs in the hotels sector in The GAM.
Therefore, these independent variables were used to
distinguish between the respondents' who tend to go
towards harvesting rainwater and rationalizing
water consumption and those who tend to
addressother solutions to face the water supply
interruption in hotels. Since theimportance of each
independent variable is not known for
theirdiscriminatory power, the method followed in
this case is to introduce thevariables into the
discriminatory analysis model in a gradual or
sequential manner (Stepwise Discrimination
Analysis). Where itenters themost important
variable that contributes thelargest proportion of
discrimination in thepowerof thediscriminatory
function according to the Fvalue, And thenenters
the second variable, which gives anadditional
explanation , and so on.Variables excluded from
entering the model are those fail to addstatistically
significant explanations.
RESULTS AND DISCUSSIONS
After administering the questionnaire to all the
respondents who were included in thestudy, it was
found from the classification of their initial
responses that 36.8% of therespondents have
minimum length of service (less than 2 years) in
hotels management sector, and 44.8% of
therespondents have a period of service in the hotel
is ranging between 5 and 10years ,while The
percentage of those whose service is more than
10years was 18.4%. The numberof respondents
who are at the bachelor’s degree level constitutes
85.2% of thetotal number of respondents, while the
percentage of those at the master’s levelwas 10.5%
and at the doctoral level 4.3%. As for thequestion
that this study addresses, and it relates to the
variables that distinguish between the respondents
in terms of how they face water supply
interruptions, and the increasing demand for water
in hotels, on the one hand, and the respondents in
terms oftheir evaluation of the priority of moving
towards activating the rationalization of water
consumption and implementing water harvesting
programs on the other hand, and among
therespondents in terms of their future tendencies
towards practicing water conservation and water
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TABLE 1
The discriminate function that explains the variance between the respondents interms of how to meet the
increasing water demand and water supply interruptions
in hotels
Discriminant
function

Eigen value

1

0.76

Percent of
interpreted
variance
100

Wilkes - Lambda

Chi – square –
X2

Degrees
Freedom

0.84

5.85

2

of

Significant
Level
0.05

TABLE 2
Discriminate variables that makeup the discriminate function and its statistical indicators.
Variable Name

Funds and subsidies
Educational level

The orderof entering
the variable according
to the step
1
2

The valueof
"F"

Wilkes–Lambda value

2.24
3.12

0.95
0.85

The levelof statistical
significance for Wilkes
-Lambda
0.04
0.05

group, the largest contribution are due to variables
ofwater subsidies and the educational level of the
respondents, while the contribution of the rest of
the variables such as water legislations, water
situation, and thecost of produced in terms of their
distinction between respondents was relatively
little. The discriminantfunction explaining the
difference between the two groups can be called
thefunction of facing increased water demand and
water supply interruptions through their tendency
towardsactivating the rationalization of water
consumption and practicing rainwater harvesting
measures. This can be achieved through receiving
funds and subsidies related to that path . Inferred
from the results of the analysis on the relationship
between the discriminate function power that has
been obtained and all of the variables(educational
level and obtaining subsidies) showed that the two
variables of educational level andfunds and
subsidies have a strong relationship, estimated at
(0.78) and (0.82) , respectively, with the tendencies
of hotels decision-makers in terms ofhow to meet
the demand for water through rationalizing water
consumption. This meansthat the higher the
educational level of a respondent, the stronger his
beliefthat it is possible to meet the demand for
water by adopting the option ofrationalizing water
consumption and rainwater harvesting and adding
extra storage tanks on the rooftops of hotels
.Inaddition, receiving subsidies will enhance the
tendencies of decision-makers in hotels sector
towards activating the programs for conserving
waterand water harvesting.
It is clear from Table (3) that thediscriminant
function has correctly classified 100% of
therespondents within the first group, while there
was3.2% of thesecond group respondents were
incorrectly classified within the first group. This
means that 96.8% of the respondents who belong to
the second group were classified correctly. It
isnoticed that the discriminant analysis with the two
variables used in deriving the discriminant function
are the variable of funds and subsidies and the
educational level of the respondents wasable to

harvesting programs, the method ofdiscriminant
analysis has been used for its ability to identify the
variables that distinguish between each of these
groups in the best possibledistinction . The
datawere entered in order to perform the
discriminant analysis using thestatistical package
(SPSS) [37] . Where the stepwise method of
discriminant analysis was used (Stepwise
Discrimination Analysis) Inentering the variables in
the model according totheir importance and their
contribution to the discrimination between groups
of respondents.
The variables that distinguish the
tendencies of respondents in terms of howto
meet the increasing demand for water, and
interrupted water supplies in the hotels sector:
Given that there are only two groups, the first group
consists of respondents who believe thatfacing the
increasing demand for water and interrupted supply
for hotels, it can be done through the addition of
extra storage tanks on the rooftops of hotels, and
the second group of respondents who believe
thatfacing water demand increase and water supply
interruptions can be done through implementation
of comprehensivewater conservation programs and
practicing rainwater harvesting, the number of
discriminant functions that can beobtained using the
discriminatory analysis that explain the disparity of
the twogroups is only one. And Table (1) shows
eachof the Eigen Value, and thepercent ofvariance
explained by this function and the value of each
Wilkes – Lambda andchi-square test(x2).
It is evident from Table (1) that theEigen
value of this discriminant function was(0.76) and
when testing this value using x2 test, it turned
outtobe statistically significant at (0.05) level ,and
thatthis function interprets all discriminant variance
(100%) amongmembers of thetwo groups
ofrespondents surveyed.
Table (2) shows the variables that made up
this factor and the F values. It is noted from Table
(2) that the variables that contributed to
distinguishing betweenthe respondents in each
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value of " F " associated with the discriminatory
variables. It isclear from Table (5) that themost
prominent variables which contributed to
distinguishing between the twogroups of
respondents, the largest contribution are the
educational levelvariables and the adequacy of
human staff to prepare and activate water
conservation and water harvesting programs and the
current water legislation variable . This meansthat a
group of respondents with a higher educational
level believes that thehuman resources needed to
prepare programs for rationalizing water
consumptionare sufficient. This will reinforce their
orientation towards considering theactivation of
programs for rationalizing water and water
harvesting as an importantpriority. It isnoticed that
the “F ” value was high ,when the first variables
were introduced, as the entry of these
variablesstopped at the third variable, which is the
funding and subsidies variable, astheassociated “F”
value was (10.363)which is statistically significant
with a confidence level (0.0001).
It is also noted from Table (5) that thevariable
of the availability of professional staff and the
variable of funding and subsidies entered after the
first variable (the educational level of the
respondent), becauseeach of them contributed to the
diminution of the value of Wilkes - Lambda ,where
the entry of other variables (funds & subsidies,
experience, and water situation) after entering
thethird variable (funding and subsidies).
The statistical significance of the discriminate
function can be judged by converting the Wilks –
Lambda value into the chi - square distribution
(X2.). Thechi -square value was (22.40) which
isstatistically significant with a confidence level.

classify the majority of respondents in each group
correctly.
Variables that distinguish between the
respondents who consider their tendency
towards implementing conserving water and
harvesting water measures as an important
priority. Given the presence of two groups,
namely a group of respondents who believe that
thetendency towards rationalizing water and
harvesting water is an important priority; and the
group of respondents who believe that the
orientation towardsrationalizing water and water
harvesting is an unimportant priority.The number
ofdiscriminant functions that can be obtained using
the discriminant analysisthat explain the variance
between the two groups are only one discriminant
function Table (4) shows the Eigen value and the
variance percentage explained by thediscriminant
function and the value of the chi-square test (X 2). It
is clear from Table (4) that the Eigen Value for the
discriminatory function that explains thevariance
between the two groups of decision-makers in the
GAM hotels was high (0.914).The firstgroup
considers the tendency towards rationalizing water
consumption
and
water
harvesting
as
anunimportant priority. While the second group of
respondents who believethat such an orientation is
an important priority. And upon testing this value
by using the chi-square ) X2test,turned out to be
statistically significant at (0.0001) level, and this
function interprets all variances between the two
groups of respondents who surveyed.
Table (5) shows the variables that formed the
discriminate function according to its importance in
terms of the order of its entry into the model, and
according to the value of Wilkes-Lambda - and the

TABLE 3
The number and percentage of cases precisely classified from each group by the discriminant function.
The actualgroup
Firstgroup
the secondgroup

Numberof cases
4
154

Firstgroup
100%
3.2%

Secondgroup
0%
96.8%

TABLE 4
The discriminate function that explains the variance between the respondents who consider their tendency
towards implementing conserving water and harvesting water measures as an important priority.
Discriminant
function

Eigen
value

1

0.914

Percent of
interpreted
variance
100%

Wilkes Lambda

Chi – square
–X2

Degrees
Freedom

0.522

22.40

3

of

Significant
Level
0.0001

TABLE 5
Discriminate variables that makeup the discriminate function and its statistical indicators.
Variable Name

Educational level
Theavailability
of
professional staff
Funding and subsidies

The orderof entering the
variable according to the
step
1
2

The valueof "
F"

Wilkes–Lambda value

16.955
11.965

0.679
0.612

The
levelof
statistical
significance for Wilkes Lambda
0.0002
0.0001

3

10.363

0.53

0.0001
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and harvestingprograms. Since there are two groups
at this stage of the analysis, the number of
discriminantfunctions that can be obtained using the
method of discriminant analysis thatexplain the
variance of the two groups is only one discriminant
function . Table (7) shows both the Eigen value, the
percentage of variance explained by the
discriminant function, and the value of chi-square
(X 2). It is evident from Table (7) that the Eigen
value of the discriminant function that explains the
variancebetween the two groups of respondents was
(0.74) andwhentesting this value using the chi
square (X2). Turned outtobe statistically
significantat confident level (0.0005), and that this
function interprets all discriminant percentage of
variance (100%) between the two groups of
respondents who surveyed.
Table (8) shows the discriminate variables that
formed the discriminate function according to its
importance in terms of the order of its entry into the
model, and according to the value of Wilkes Lambda, and the value of" F " associated with those
variables for their significance . It isclear from
Table (8) that thevariable of high cost of buying
water from vendors is the first variable tobe entered
into the model, where the value of “ F ” was
(6.631) which isstatistically significant with a level
of confidence (0.01) followed by the following
variables:
Appropriate
water
legislation,
experience, funding & subsides, activating
conservation and rainwater harvesting programs,
grey water reuse, and data base for setting up
rationalization and water harvesting programs. It
isnoticed from table (8) that the value of " F " was
highwhen the first variables were introduced, as the
entry of the variables stopped after the entry of the
sixth variable (availability of data base) necessary
for preparingwaterrationalization and harvesting
programs . The associated" F " value with the sixth
variable was (3.837) which is statistically
significant with aconfidence level. (0005) And the
five variables entered into the model after thefirst
variable, so that each variable entered after the first

(0.0001)indicates that the three variables used in the
derivation of the discriminantfunction have
important statistical significance. These three
variables are suitable for explaining why hotel
owners or managers believe that the tendency
towards water conservation and water harvesting is
an important priority.
It is evident from Table (6) that the
discriminate function classified (100%) of the
respondents correctly within the first group, and no
respondents from this group were incorrectly
classified within the second group. As for
therespondents who believe that the tendency
towards activating waterrationalization and water
harvesting measures is an important priority, they
were allclassified correctly (100%). Accordingly,
the discriminant analysis of thethree variables used
in the derivation of the discriminant function, was
able toclassify all the respondents in the two
groupscorrectly, and the discriminant function or
variables were also able to separate the twogroups
of respondents by highlighting the difference
between them.
The variables that distinguish between the
respondents in terms of their tendencies
towardsactivating programs for rationalizing
water and water harvesting in the future. The
data of the discriminate variables related to
respondents (first group) was analyzed. Hoteliers of
the first group believe that it is not possible to
implement water rationalization and water
harvesting measures in hotels of the GAM inthe
near future. While analysis of thediscriminatory
variables data related to of the respondents (second
group) who will implement waterrationalization
and water harvesting measures in hotels was
conducted. These twogroups represent the binary
dependent variable, which usually takes two
nominalvalues, as number (1) refers tothe group of
respondents who do not tend to activate water
conservation and harvesting programsin the future,
and the number (2) refers to the group of
respondents who willactivate waterconservation

TABLE 6
Number of cases (respondents) and their percentage of accurately classified in each group through the
discriminate function.
Actual Group
Number of Cases
First Group
Second Group
First Group
8
100%
0
Second Group
150
0
100%
TABLE 7
The discriminate function that explains the difference between the two groups of respondents in
terms of their tendencies towards activating programs for rationalizing water and water harvesting in the
future.
Discriminant Eigen
Percent of Wilkes Chi – square Degrees
of Significant
function
value
interpreted Lambda
–X2
Freedom
Level
variance
1
0.74
100%
0.57
16.64
6
0.005
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TABLE 8
Discriminate variables that make up the discriminate function and its statistical indicators.
Variable Name

Cost of water sanitation
treatment
Amending
water
legislation
Experience
Grey water reuse
High cost of water from
vendors
Availability of data base
to prepare water savingprograms

The
orderof
entering
the
variable according
to the step
1

The valueof "
F"

Wilkes–Lambda
value

The levelof statistical
significance for Wilkes
-Lambda

6.631

0.84

0.014

2

5.782

0.751

0.006

3
4
5

4.72
4.51
4.118

0.705
0.646
0.608

0.007
0.005
0.005

6

3.837

0.573

0.005

TABLE 9
Number of cases (respondents) and their percentage of accurately classified in eachgroup through the
discriminate function .
Actual Group
Number of Cases
First Group
Second Group
First group
7
66.7%
33.3%
Second group
152
3.8%
96.2%
thetotal respondents (owners and managers of
hotels in the GAM) included in the study, while
there was (3.8%) of therespondents were not
classified correctly. This indicates the presence of
othervariables that can deepen the disparity
between the two groups and increase the
classification accuracy.

variable, contributed to the decrease in the value of
Wilks - Lambda significantly., Therefore, the
entrance of additional variables after the sixth
variable has been stopped, because the contribution
of the variables followed by decreasing the value of
Wilks – Lambda.
To test the statistical significance of the
derived discriminate function, the Wilks – Lambda
value can be converted or approximated to the Chi square distribution (X2). It was (16.64) , which
isstatistically significant with a confidence level
(0.005)whichindicates that all variables used to
derive the discriminant function, havestatistical
significance, and that the discriminant function is
useful indistinguishing between the group of
respondents
who
will
implement
water
conservation and rainwater harvesting programs in
hotels in the GAM, and the other group that do not
tend toimplement such programs in the future .
It is evident from Table (9) that
thediscriminant function classified (66.7%) of
therespondents in the first group correctly, while
there was (33.3%) ofthosebelonging to the first
group that were not properly classified. As they
were classified within the second group. As for the
respondents belonging to the second group,who
willimplement water conservation and water
harvesting programs in the future ) , apercentage
(96.6%) was properly classified within their second
group, while there was (3.96%) who belonged to
the second group who were not classified.
Correctly, since they were classified in the first
group. It can besaid that the results of the
discriminant analysis with the six variables usedin
the derivation of the discriminant function were
classified correctly as apercentage (96.2%) of

CONCLUSIONS
The main aims of this study were to
investigate the discriminant factors that affect
hotels owners and managers tendencies towards
implementation of water conservation measures,
and rainwater harvesting systems installation at
hotels in the GAM as a popular tourist destination
in Jordan. The first main finding to emerge from
this study was lack of funds will impede any effort
of hoteliers to formulate and activate water –
savings measures, and to foster rainwater
harvesting systems installation in hotels. The
second main finding to emerge from this study was
lack of funds (in terms of grants) is most important
obstacle facing hotels owners and managers which
affect their tendency towards implementing water
conservation programs, and water harvesting
practices. Therefore, there is no doubt that more
efforts (in the form financial and technical
assistance) are needed from governmental
institutions in Jordan to encourage hotels to
implement water conservation and water harvesting
practices as a part of National Water Strategy. As a
result, hotels in the GAM will be supplied with
water in a sustainable manner. But hoteliers should
be aware of their role, which they can play to find a
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response to droughts and public concerns
regarding water conservation: The case of the
Barcelona hotel industry during the 2007–2008
episode. Doc. D’anàl.Geogr. 61, 623–649.
[19] Chan, E.S.W., Okumus, F. and Chan, W.
(2017) The applications of environmental
technologies in hotels. J. Hosp. Mark. Manag.
26, 23–47.
[20] Torres-Bagur, M., Ribas, A. and Vila-Subirós,
J. (2019) Incentives and Barriers to WaterSaving Measures in Hotels in the
Mediterranean: A Case Study of the Muga
River Basin (Girona, Spain). Sustainability, 11,
3583.

balance between the need to save water and the
need to ensure tourists satisfaction of getting
appropriate water service.
Findings of this study have several
implications. First of all, they reflect a clear need
for
continuous
cooperation
between
the
governmental public sector and the hotel sector
regarding the financial and technical assistance.
However, many hotels owners and managers in the
GAM were unaware that what would be invested in
un costly simple water – savings measures can be
retrieved within relatively short period. Therefore,
there is an urgent need for awareness information
initiative regarding the economic feasibility of
implementing water savings measures in the GAM
hotels. The Hotels Association could take the role
of fostering water saving measures awareness task
through information sharing sessions to assist
hoteliers speeding up the adoption of rainwater
harvesting and water conservation measures
implementation in the GAM. For further research,
hotels staff attitudes and behaviors towards
conserving water should be a topic of future
studies. It would be interesting also to conduct a
similar study in other type of tourism
establishments such as tourism restaurants and
resorts which have flourished in the GAM in recent
years.
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toxics. The energy emitted promotes the development of the fire. The combustion process is a chemical oxidation reaction of a fuel by an oxidizer in the
presence of a heat source.
The diffusion flame process (fire) consists of
three basic elements: fuel, oxygen, and heat. These
basic components have been recognized in the science of fire protection for over 100 years [1]. The
diffusion flame process is defined by Richard Tuve
in the Principles of Fire Protection Chemistry as "a
rapid self-sustaining oxidation process accompanied
by the evolution of heat and light of varying intensities" [2].
For combustion or burning occurrence, oxygen,
usually from the air, must combine with a fuel. A
fuel may be in anyone of the three states (gas, liquid
or solid) initially, but for flaming combustion occurrence, a solid or liquid fuel must be converted into
vapour which then mixes with air and reacts with oxygen. Smouldering combustion, on the other hand
involves a reaction between oxygen (from the air)
and the surface of the fuel: this is a complex process
and in general only occurs with solid fuels which
char while heating.
A flame is a region in which takes place a sustained heat releasing reaction between a fuel in the
vapour state and oxygen. This region also emits
light, usually with a strong yellow color generally a
sign of the presence of soot, though there are substances such as methanol which burn with a weak
blue flame which cannot be seen in strong light.
When temperatures become sufficiently high,
or there is an ignition source present that ignites the
flammable gases released by the battery, the fire triangle, seen in Figure 1., is completed. [3]. The fire
tetrahedron represents the addition of a component
(chemical free radicals) to the three already present
in the fire triangle to observe combustion with flame.
Once a fire has started, the resulting exothermic
chain reaction sustains the fire and allows it to continue until or unless at least one of the elements of
the fire is blocked.
Driven by the scarcity of non-renewable resources and the ecological effects of CO2 emissions,
the automotive industry is focusing on sustainable

ABSTRACT
In recent years, the electric vehicle (EV) has
significantly and globally changed the automotive
industry, forced by the huge development of lithium
ion battery technologies. Different shapes of lithium
ion batteries (LIB) are competing as energy storages
for the automobile application. Lithium ion battery
systems offer distinct advantages over other battery
systems, especially with respect to long life, reliability and capacity. Different kind of LIB’s are presenting as energy storages for the automotive industry.
The kinds of LIB's divide into cylindrical and prismatic, whereas the prismatic type can be further divided according to the housing stability into hardcase and the pouch type. However, the fire problems
has become a major safety concern with the use of
lithium-ion batteries in the automotive industry. This
study focuses on the fire suppression issues of EV’s
related to thermal runaway and fire in LIBs. Thermal
runaway or fire can occur as a result of the faulty operation or traffic accidents. Release of toxic gases
and explosion may then accompany the fire of the
battery. This paper is devoted to study the behavior
of the LIB fire in EV’s, hybrid EV’s and electric
buses. This paper aims to aid researchers and industries working with batteries, EV’s and/or fire safety
engineering, to encourage active research collaborations, and attract future research and development on
improving the overall safety of future EV’s. Also
this work attempts to develop a quantitative understanding of fire suppression mechanisms of water to
EV’s.

KEYWORDS:
Fire Suppression, Lithuim Ion Battery, Electric Vehicle,
Water

INTRODUCTION
Fire is a combustion that develops in an uncontrolled manner in the time and space. It generates
large amounts of heat, smoke and polluting gases or
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mobility solutions, such as the electrical drive technology. However, uncertainties regarding the development of demanded quantities, battery price and diversity of variants constitute major challenges for
electro mobility. Crowding the conventional combustion engine out of the current portfolio of original
equipment manufacturers within the next ten years is
considered to be a possible conclusion of electrifying
the power train [4].

the housing stability into the prismatic hard-case cell
and the prismatic pouch cell [9]. The inner structure,
the electrode-separator-compound, is different in
terms of the material dimensions and the manufacturing processes used, see Figure 2 [10].
Along with the rapid development of the LIB
since the 90’s, EV’s returned to the global stage in
the 21st century. Today, EV’s are not only a symbol
of green transportation, but they also present extraordinary driving performance. However, compared to
the internal combustion engine vehicles which has
seen continuous use and development over the last
century, EV’s are still far from mature, especially
when it comes to their perceived fire safety. This
safety concern stands in the way of the EV becoming
the dominating transportation system.
A lithium-ion battery can result in a fire due to,
mechanical, electrical or thermal failures. Mechanical failures are;
-Internal short circuit,
-Physical damage,
-Manufacturing defect.
Mechanical failures include physical damage,
an internal short circuit, or a manufacturing defect.
The batteries can be physically damaged if they are
punctured in some way, as to dent or tear through the
battery components, which causes an internal short
circuit and an internal localized heat source. Other
conditions such as low ambient pressure, vibration,
shock, corrosion, or impact can also initiate a mechanical failure event within a LIB. A lithium-ion
battery can also encounter a mechanical failure if a
particle is inadvertently lodged into the cell during
the manufacturing process. A dendrite or “particle”
in the cell will cause localized resistance heating
around the particle, which causes an internal shortcircuit, and an increase in internal temperature and
pressure within the cell [11].
Thermal failures are;
-Overheating,
-Internal localized heating.

FIGURE 1
The fire triangle for lithium-ion batteries
With an increasing demand of EV’s, the relevance of LIB systems as the main element of the
power train increases as well [5, 6]. Since the battery
takes up around 30-40% of the value creation during
the production of electric vehicles and around 6080% of those costs are accounted for by the battery
cell itself [7], a focus of the power train electrification is the cost efficient battery production [8].
Several electrically connected battery cells are
considered to be a battery system, which requires a
battery management system to level the electrical
properties of the different battery cells and a cooling
system for the battery to be operated safely during
different temperatures. Battery cells appear in different outer shapes. The shapes can be divided into a
cylindrical and prismatic geometry, whereas the
prismatic shape can be further divided according to

FIGURE 2
Shapes of LIB
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Thermal failure modes include overheating or
internal localized heating. The batteries can become
overheated by an external fire/heat source or from
ambient temperatures that exceed their thermal stability limits (60 °C) [11]. Both electrical and mechanical failures develop internal localized heating
within a lithium-ion battery which contributes to a
thermal degradation of the cell.
Electrical failures are;
-Overcharge,
-Over-discharge.
An electrical failure is most commonly due to
overcharge or over-discharge. During overcharge,
the lithium intercalated into the crystallographic
structure of the anode disassociates and plates on the
surface of the anode. A thermal runaway reaction is
then initiated within a lithium-ion cell due to the violent reaction of the overcharged anode (deposited
lithium) and electrolyte solvent at high temperatures
which was a result of the rapid exothermic reaction
between the delithiated cathode and the electrolyte
[12].
Lithium ion batteries may suffer thermal runaway and cell rupture if overheated or overcharged,
and in extreme cases this can lead to combustion. To
reduce these risks, lithium-ion battery packs contain
fail-safe circuitry that shuts down the battery when
its voltage is outside the safe range. When handled
improperly, or if manufactured defectively, some rechargeable batteries can experience thermal runaway
resulting in overheating. Sealed cells will sometimes
explode violently if safety vents are overwhelmed or
nonfunctional [13].
The causes of fire at the LIB, an uncontrolled
and spontaneous combustion of matter, can be various, starting from changes in the internal structure of
a material (spontaneous battery ignition), powe train
design errors (wrong choice of cable gauge, lack or
insufficient protection from overcurrent and shortcircuits in the cabling, inadequate protection from
cable insulation abrasion damage due to vibrations
present during operation, the action of others (arson),
force of the nature acts (e.g. moisture short-circuiting the battery pack during flood, physical damage
due to hurricane winds), and finally, road accidents
(short-circuits, physical damage to cells causing
their ignition).
No matter what are the reasons of physical
damage of electric propulsion system components,
mainly the battery pack, precautions should be taken
to mitigate any dangers to life and limb as well as
equipment. Moreover, any fire on board of an electric vehicle usually ends up in total loss and substantial negative financial impact on the vehicle owner's
budget. It is considered, that purely electric vehicles
are safer than conventional vehicles [14] or hybrid
vehicles (combining electric and conventional propulsion). The latter pose even a greater threat to human life and health due to the fact that they have the
disadvantages of both propulsion types: possibility

of passenger electrocution and possibility of fuel
tank fire or explosion [15].
After thermal runaway has initiated, smoke is
released from the safety valve or through cracks in
the battery shell. This smoke consists of a mixture of
flammable and toxic gases. The flammable gases
could be ignited by nearby ignition sources such as
fire, sparks, and electrical arcs or may even be selfignited due to a poor cooling condition. The resulting
flame may then further heat the battery. If the release
rate of gas out of the battery shell is lower than the
internal gas-generation rate, the battery cell may also
burst. The safety valve can release some of the accumulated gas that are typically generated during the
pre-ignition thermal runaway process, but it may not
be able to prevent the cell from external heating,
such as flame radiation or a burning battery nearby.
In addition, if the released gas is allowed to accumulate in an enclosed area and mix with surrounding
oxygen, a gas explosion may occur once a pilot
source like a spark and flame is present.
By summarizing different code of practices in
different countries, the recommended EV firefighting process is described as follow;
(1) Identify the vehicle. In some European
countries, the fire rescue centres can request information based on a vehicle’s license plates. This can
help firefighters unequivocally identify the correct
rescue datasheet,
(2) Determine the firefighting plan based on the
situation,
(3) Protect the people first,
(4) Control or extinguish the fire, and if the car
is charging, switch off the charging infrastructure if
possible,
(5) Vehicle should not be moved immediately,
after the fire is extinguished,
(6) The final step is on-site cleaning. After fire
accident, certain disposal procedures are also recommended, that is, the EV should be parked in an outdoor place after the accident because of the re-ignition ability of the battery [16].

MATERIALS AND METHODS
Materials. H2O. Experiences on battery fire
suggest that the primary effort of suppressing the EV
fire is to cool down the temperature of the battery
which is already in the thermal runaway state.
Water is and will continue to be a premier suppression agent because it is non-toxic, abundant and
inexpensive. Health and environmental concerns
limit the use of other chemical agents such as halons
and dry chemical powders.
Water is typically sprayed as a liquid onto the
fire. However, usually excessive amounts of water
are used which often causes as much or more property damage if the fire is stopped in its early state.
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H2O can absorb heat in 3 different ways. The
water used by firefighters has generally a temperature about 20 °C. When this water is heated up, its
temperature will rise. To raise the temperature of 1
L of water by 1 degree Celsius, 4186 Joules is needed
(Joule is the unit of energy). A single liter of water
will absorb 335 kilojoules (kJ) of energy when
heated from 20 °C to 100 °C.
Subsequently water will absorb heat in a second way. Water with a temperature of 100 °C will
transform into steam of 100 °C. This transition requires a lot more energy than the heating up from 20
°C to 100 °C. The transition of water into steam will
require 2.260 kJ of energy for each liter that evaporates. This means that evaporation requires roughly
7 times more energy than heating from 20 °C to 100
°C.
Water will then proceed to absorb heat in a third
manner. Once the steam has been formed at 100 °C,
it will absorb the heat of the smoke gases in contact
with it. When the smoke’s temperature is above 100
°C, heat will be transferred from the smoke into the
steam until a balance in temperature has been
achieved. Suppose the final temperature of the steam
is 300 °C, this means the steam will have heated up
200 °C (300 °C – 100 °C) after forming. The mean
amount of heat energy needed to raise the temperature of steam, formed by a single liter of water, by
one degree Celsius is 2.080 J. A single liter of water
transformed into steam will absorb 416 kJ of energy.
To summarize, water absorbs heat in 3 different
stages:
1. Water heated from 20 °C to 100 °C 335 kJ/liter,
2. Water of 100 °C transformed into steam of
100 °C 2.260 kj/liter,
3. Steam heated from 100 °C to 300 °C 416
kJ/liter [17].

their most common form, consist of an electrolyte of
a graphite anode, a lithium metal oxide cathode, a
lithium salt and an organic solvent. Lithium is a good
choice for an electrochemical cell because of its high
standard electrode potential and the lowest density
metal causing high working voltage [18]. In lithiumion batteries, lithium ions are shuttled between the
two insertion host electrodes (cathode and anode)
during the charge/discharge processes. Figure 3 illustrates a typical LIB, which consists of a graphite
negative electrode (anode), a non-aqueous liquid
electrolyte, and a positive electrode (cathode)
formed by layered LiCoO2.
While cathode lithium nickel manganese cobalt
(NMC), lithium nickel cobalt aluminum oxide
(NCA), lithium manganese oxide (LMO) and lithium iron phosphate (LFP); Graphite is used as the
anode material in most of the existing designs. In
heavy duty applications, lithium-titanate (LTO) is
also used because of its capacity to prolong cycle
life. The main benefit of NMC and NCA technologies is the higher energy density compared to other
chemicals that are vital in light duty vehicles and
thus dominate the light duty battery market. LFP is
the type adopted for heavy-duty EV’s (i.e. buses),
despite its lower energy density than NMC and
NCA, as it benefits from higher cycle life and safety
performances. Energy density of NMC based cathodes is proportional to nickel content. A higher energy density increases the amount of energy stored
for a certain amount of active material [19].
Prismatic cells are tailored specifically for automotive application. Exemplary use-cases include
various battery electric vehicles (BEVs) and plug-in
hybrid electric vehicles (PHEVs). Prismatic cells
possess high mechanical integrity and can be easily
inserted into a battery pack. Also, it is a safest cell
format currently present in the market. However, its
low cell-level energy density compared to cylindrical format in combination with costly housing is rather disadvantageous.

Lithium Ion Batteries. Lithium ion battery
cells consist of a cathode (positive pole) and an anode (negative pole), and the cell's performance is affected by the chosen chemical. Lithium-ion cells, in

FIGURE 3
Schematic representation of a lithium-ion battery
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Just like prismatic, pouch cells are usually customized for the corresponding use-case as no standard sizes exist. Generally, pouch cells enable high
energy density at the cell level, depending on the selected chemistry. These cells are lightweight, flexible and simple. As a result, a low-cost mass production can be achieved for the pouch format. However,
these cells are more sensitive to humidity and elevated temperatures. Furthermore, cell swelling upon
lifetime is of high concern, leading in the worst case
to the damage of the whole battery [20].
Cylindrical and prismatic cells contain socalled jelly roll, the wound stack of anode and cathode sheets with separator in between. Pouch cell, in
turns, consists of the stack of single electrodes,
which are cut prior to the cell assembly and are either
stacked together with separator sheets in between or
inserted into the running separator pockets during zfolding [21].
A fire within a lithium-ion cell is a result of a
series of internal degradation reactions within the
cell;
(1) Reactions begin within the anode around 80
°C,
(2) Between 100 °C and 120 °C the solid electrolyte interface (SEI) layer diminishes causing the
negative electrode (anode) and electrolyte to undergo a reduction,
(3) At 120-140 °C the positive electrode (cathode) endures exothermic reactions resulting in a
rapid release of oxygen from the decomposition of
the metal oxide,
(4) Between 140 °C and 180 °C the electrolyte
undergoes an oxidation process while the positive
electrode decomposes at a rate of 100 °C/min [22].
The batteries are generally integrated as a system into buses. The composition of an EV battery
might vary slightly depending on the types of electric
vehicles, but generally EV batteries are composed of
cells, modules and a pack.

Cell Type

In fact, to safely and efficiently manage the
countless battery cells mounted in one EV, the cells
are installed in forms of modules and packs. Simply
put, cells, modules and packs are units of gathered
batteries. A cluster of cells make up a module and a
cluster of modules make up a pack. Ultimately, in an
EV, one form of battery is installed; a pack.
A cell which is the basis of a battery must possess high capacity per unit volume in order to show
maximum performance in a restricted area inside a
vehicle and the cell also needs to have much longer
lifespan compared to batteries used in general mobile devices. Furthermore, cells must endure shocks
transmitted during the drive and possess high reliability and stability to the extent of being able to withstand high and low temperatures.
When a number of cells are put into a frame to
protect them better from external shocks such as heat
or vibration, this is called a module. And when a
number of modules come together with a BMS (Battery Management System) and a cooling device that
controls and manages battery’s temperature, voltage,
etc., this is called a pack. This is how numerous cells
are installed in an EV through the form of a pack
[23].
In the fire suppression experiments presented in
this paper, the technical characteristics of the lithium
ion batteries used are given Table 1.
Also Li-NCA type cylindrical, 13 kg. with plastic pack (Type 5) and Li-FePO4 type cylindrical, 20
kg. with plastic pack (Type 6) lithium ion batteries
were used for experiments.
Propane gas burner. In the experiment; a 400
kW propane gas burner was placed underneath (80
cm) a metallic table on which were placed the cells
and was ignited after the start of the test.
Propane is a colorless, highly flammable/explosive gas that is heavier than air. It occurs in natural
gas at concentrations from 3% to 18%. It is emitted
into the atmosphere from furnaces, automobile

TABLE 1
The technical characteristics of the batteries used in the experiments
The Weight of
Volume of Elec- Number of the Cells Weight of the
System/ String
Per Module
Module (kg)
trolyte Per Cell
(kg)
10-30 % of
20/module
28
1232a
weight
10-30 % of
176/pack
280 (±5)
2800b
weight
10-30 % of
48/module
81-83
648-664c
weight

Type 1, NMC
(Pouch)
Type 2, NMC
(Pouch)
Type 3, NMC
(Pouch)
Type 4, LTO (Pris5-15% of weight
matic)

276/pack

260 (±5)

a

1 string = 4 packs of 11 modules
1 system of 10 strings
c 1 string of 7 modules
d 1 system of 8 strings
b

794

2080d

Thermal Runaway Temperature (°C)

200 °C

250 °C
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C3H8 + 5 O2 ĺ&22 + 4 H2O + Heat

exhausts and sources of natural gas. Mixed with oxygen for concentrations within the flammability limits, it is ideally combusted to carbon dioxide and water, however, carbon monoxide, a deadly gas, will be
generated under leaner conditions. Propane comes
from natural gas processing and petroleum refining.
Propane structure is as a hydrocarbon gas with 3 carbon and 8 hydrogen atoms in a propane molecule
(Figure 4). Its formula is C3H8.

The Cobra Type Extinguisher. It is a highly
effective firefighting system which has been developed and refined providing a very high velocity water jet, operating at 300 bar and 200 m/s outlet speed,
it is capable of being directed to any external surface
of a compartment (Figure 5). An entrained abrasive
creates a rapid piercing effect, which is immediately
followed by a very fine spray with droplets of less
than 70 microns. The consequence is that fire crews
have no need to enter until the internal fire conditions are controlled and the heat is significantly reduced. Its ability to cut through an external wall is
very striking, but the speed at which it reduces the
heat within the compartment is even more impressive, enabling firefighters to rapidly enter the fire
compartment to complete operations. In effect, it
uniquely provides the means by which firefighters
can very quickly attack and control an internal fire,
during its highly dynamic and hazardous early
stages, from the safety of a position outside the compartment. Its very efficient use of water, just 60 liters
per minute, provides the capability to significantly
reduce damage to property and offers very clear environmental advantages [25].

FIGURE 4
The structure for propane
The lower and upper limits of flammability
(LFL and UFL) are the volume percentages of propane that must be present in a propane/air mixture to
be flammable. For propane, LFL and UFL are 2.15%
and 9.6%. If the mixture is 2% propane and 98% air,
there will not be combustion. If the mixture 10% propane and 90% air, combustion will not occur. Any
percentage of propane in a propane/air mixture between 2.15% and 9.6% will be sufficient for propane
to burn. However, an improper air/gas mixture can
produce carbon monoxide that is a deadly product of
incomplete combustion [24].
In the complete combustion of propane equation, in the presence of enough oxygen, propane
burns to form water vapour and carbon dioxide, as
well as yielding about 25 MJ/liter or 49 MJ/kg of
heat. So, this is the complete combustion of propane
equation in both words and chemical formulas:
3URSDQH2[\JHQĺ&DUERQ'LR[LGH:DWHU
+ Heat (about 25 MJ/liter or 49 MJ/kg)

Methods. In this study, different types of LIB
were fired with propane gas burner and these batteries were extinguished with water. These LIB’s are
NMC (Nickel Manganese Cobalt Oxide) and LTO
(Lithium Titanate Oxide) types. The combustion issues of the different types of batteries and their extinction with water were observed (Table 2). In the
experiments that were conducted with University of
Poitiers, The National School of Mechanics and Aerotechnics (ISAE-ENSMA), The Pprime Institute
academicians (in Poitiers city of France) and Departmental Fire and Rescue Service of Vienne Region
officers, the concept of fire was examined both theoretically and in terms of testing [26].

FIGURE 5
Cobra type jet extinguisher
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TABLE 2
Details of the experiments
Materials
Objectives
Type 1-2, Li-ion NMC - Pouch
Cells exposed to heat source. The temperType 3, Li-ion NMC – Pouch + Type 4, Li-ion
ature increased during the thermal runaLTO - Prismatic
way.
Type 4, Li-ion LTO - Prismatic
Type 1, Li-ion NMC (Pouch) in a package
(aluminum and plastic case)
Water effect on module (possibility of waType 3, Li-ion NMC (Pouch) in a package
ter inlet)
(steel case)
Cobra type extinguisher was used.
Type 2, Package of prismatic cells
Type 5, Cylindrical Li-NCA with plastic case Water effect on the scooter module in fire
Type 6, Cylindrical cell Li-FePO4 with plastic / examination of the reaction. Cobra type
extinguisher was used.
case
thermal runaway. In the first of two experiments,
with the 400 kW propane gas burner, a rapidly progressing combustion was observed for the Li-ion
NMC - Pouch cells (Figure 6). Also, NMC and LTO
type electric batteries were burned together. It was
observed that LTO type prismatic battery burned less
(Figure 7).
In the experiment 3; Li-ion LTO prismatic cell
less burned. Extinguishing with water by the fireman
was not very effective and it was necessary to wait a
while for the full extinguishing action (Figure 8).

RESULTS
The thermal runaway of a battery is a phenomenon that occurs when it is subjected to very high
temperature conditions. A thermal runaway is a rapid
internal temperature increase that often results in one
or more of the following events: heat generation, gas
and smoke formation, cell breach/cell explosion, fire
or gas explosion. Gas releases can typically occur at
lower temperatures and without the occurrence of a

FIGURE 6
Pouch cells exposed to heat source-1

FIGURE 7
Pouch and prismatic cells exposed to heat source
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FIGURE 8
Prismatic cells exposed to heat source

In the next experiments (4, 5 & 6) involving
module/package of pouch type and prismatic type
cells, different reactions were observed according to
the type of cells. The pouch cells package with aluminum and plastic coating fire is a fire type with the
risk of subsequent revival. After the thermal runaway of the battery, a significant smoke development
were noticed (Figure 9). Thermal runaway of the
prismatic cells package was accompanied with degradation of prismatic cells inducing a explosion of
molten aluminum. The molten parts formation was
crucial to send water inside the battery (Figure 10).
On the other hand the need of a high quantity
of water as same as for the flexible cells module in
the steel coating where the deformation of the pack
or the melting of the fusible parts allowed water to
be injected into the battery and therefore suppress the
fire (Figure 11).
In the 7. and 8. experiment, thermal runaway of
cylindrical batteries mainly characterized by the explosion of cylindrical cells. Cylindrical batteries typically have safety vents to enable the release of gases
that set up inside the battery and thus help decrease
the effects of thermal runaway, including fire and explosion (Figure 12), with regard to the battery used
in scooters (2 kWh), three minutes after the first thermal runaway, the fire was brought under control

without worry (Figure 13). Abundant white smoke
was produced. There has also been a fire involving
explosions and rattling.
However, the second thermal runaway which
led to a explosion of cells was brought under control
four minutes later. This type of fire requires a lot of
water for complete extinction. As for the battery
used in leisure vehicles, thermal runaway followed
three minutes later by repeated explosions with a
missile effect. The complete extinction was made
nine minutes after the thermal runaway. In cylindrical batteries, sudden explosions were encountered
even during the extinguishing phase of the fire.

FIGURE 9
Smoke development after extinguishing attempt

FIGURE 10
Injection of water through fusible/molten parts
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FIGURE 11
Thermal runaway, explosion and extinguishing of the prismatic cells package

FIGURE 12
Thermal runaway of cylindrical cells and images after explosion

FIGURE 13
Thermal runaway and followed by explosion of prismatic cells
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and hazard of Li-ion battery (LIB) are particularly
serious in EV, because of high demands in driving
performance and charging speed, inevitable traffic
accidents, and the increasing scale and energy density of battery packs. Several typical fire accidents in
battery EV’s, hybrid EV’s, and electric buses are reviewed in order to provide a qualitative understanding of the risk and hazard of EV fire. An increased
number of EV fire accidents will be expected as the
market share of EV continuously increases in the
next few decades. So far, there are a very limited
number of full-scale EV fire tests because of the high
cost and the restriction of trade secrets.
The biggest advantage of cylindrical batteries
in most situations is that they are very safe. If the
internal pressure of a cylindrical lithium battery
grows too high, most of the cells are designed to rupture - thus mitigating safety risks from situations like
a fire or an explosion.
Moreover, cylindrical cells are easy to manufacture, are lower cost than other batteries, and can
withstand high internal pressures due to their steel
case. Hence, cylindrical cells are preferred for electric vehicles. However, the increasing vehicle
fires/explosions caused by Li-ion batteries highlight
the safety issues of cylindrical batteries.
Currently, the fire extinguishing media of lithium batteries mainly includes water, foam, dry powder, alkyl halide and carbon dioxide etc. Water mist
fire extinguishing system has the characteristics such
as low water consumption, cheap fire extinguishing
medium, little damage to the object protected and
green environmental protection. It has been concentrated in the field of fire protection in recent years.
However, there are many problems in water mist fire
extinguishing system. The uniformity of the water
mist cannot be warranted. The liquid droplets reach
the combustion surface with a certain amount of impulse. It is very difficult for water mist system to extinguish block fire. It is easy to extinguish class B
(liquid) fire and it is difficult to extinguish class A
(solid) fire. There is no guarantee of any water damage to objects. Water mist extinguishing system is
not movable. The fire extinguishing properties are
affected by droplet size, velocity distribution, impulse and geometric characteristics of nozzle. In recent years, the study on water mist extinguishing
technology has been conducted extensively.
A cell in a cylindrical metallic case has good
cycling ability, offers a long calendar life, is economical to manufacture, but is heavy and has low
packaging density.
The prismatic metallic case has improved packaging density but can be more expensive to manufacture, is less efficient in thermal management and
may have a shorter cycle life.
The prismatic pouch pack is light and cost-effective to manufacture. Exposure to high humidity
and hot temperature can shorten service life.

CONCLUSIONS
By going to the Departmental Fire and Rescue
Service of Vienne Region Experimental Area, in
Poitiers, France, the concept of fire was studied both
theoretically and in terms of testing.
As detailed results, burning and extinguishing
trials have been made in electric batteries. Many attempts have been made in this regard. All extinguishing tests were done with water. For the individual cells, pure water was found to be the most effective and convenient suppressant, due to its ability to
reduce the temperature of the fire very quickly.
The tested batteries with NMC and LTO feature are in prismatic and cylindrical in shape. Combustion trials have been carried out both on cell form
and on multiple modules.
In the experiments, batteries and battery cells
were placed on a system under which a propane gas
burner was placed to generate 400 kW heat power.
This propane gas was given to other battery types in
a fixed way and under the same conditions.
As a result, in the event of a thermal runaway
of the batteries characterized by an increased temperature, crackling, smoke, extinction is difficult
(Li-ion), or even impossible. The protection of the
environment will be a priority. Without the intervention of the fire brigade, the total combustion time of
a battery can be up to 1 hour. Some manufacturers
are installing thermo-fusible hatches on the batteries
to facilitate the action of firefighters by flooding with
water from the battery. In the case of Li-ion batteries,
with cylindrical cells, explosion of these cells are
possible in the event of thermal runaway, in particular when the batteries are detached from its envelope.
Each type of battery having a specific strategy
of attack, in the case of thermal runaway of Li-ion
batteries. The thermo-fusible parts are a very important asset in order to extinguish the fire. There is
a relatively good knowledge about the safety risks
and safety devices used in consumer cells. Using Liion in the automotive sector puts higher demands on
the battery since the batteries are significantly larger
and with harsher environmental conditions, e.g. vibrations, humidity, larger temperature variations.
High safety is achieved by adding several safety layers from cell to vehicle level, however the risk for a
cascading fire in a complete battery pack starting
from a single cell is not yet well studied and the
knowledge about possible counteractions is thus also
limited. Sometimes things go wrong even though
smart safety strategies are used. The exploded cylindrical cell due to a cell vent malfunction highlighted
this point which underlines the importance of using
many safety layers. The toxic gas emissions from Liion batteries, e.g. HF and POF3, can pose a serious
risk for persons.
This paper reviews recent battery fires in electric vehicle (EV) as well as the related fire-safety issues and the fire-protection strategies. The fire risk
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EV fire is harder to suppress because of the potential re-ignition of battery and the difficulty in
cooling the battery pack inside. For the suppression
of EV fire, water is still considered as most effective,
and a significant amount of water is required to extinguish and cool the battery. Moreover, there is very
little knowledge of the fire risk of the disposed EV’s
and wasted battery packs. In the future, fire-protection systems with a better design should also be required for buildings and parking spaces that contain
a greater number of EV’s and charging stations. This
review aims to aid researchers and industries working with batteries, EV’s and/or fire safety engineering, to encourage active research collaborations, and
attract future research and development on improving the overall safety of future EV’s. Only then will
society achieve the same comfort level for EV’s as
they have for conventional vehicles.
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to counter the challenge of climate change and tame
carbon dioxide emissions, which will impact the
entire economic system, including the tourism industry [5-7]. The United Nations World Tourism
Organization research has concluded the tourism
sector discharges 4.9% of all anthropogenic carbon
dioxide emissions globally and contributes 14% to
the global greenhouse effects. Without effective
countermeasures, carbon dioxide emissions by the
world tourism sector are projected to grow 2.5%
annually on average until year 2035 [8-11]. Considering year 2013 saw 129 million tourist visits to
China, 98 million Chinese tourist visits abroad, and
3.262 billion domestic tourist visits, it is undeniable
that tourist activities and associated operations of
such a scale would consume considerable energies
and produce immense CO2 emissions either directly
or indirectly. What implications will the low-carbon
restriction have on the development of tourism
economy in Chinese cities? Answer to the question
carries major significance for the development of
tourism economy in China [12-18].
With the gradual increase of residents' income
in China, the demand for tourism by residents has
risen sharply. Driven by the economic environment
and related policies, the tourism industry in Jilin
Province has developed rapidly, showing strong
growth [19]. In 2019, Jilin Province received
284.301 million domestic and foreign tourists, an
increase of 12.1% over the previous year. Among
them, 246,964,300 domestic tourists were received,
an increase of 12.2%; 1,365,800 inbound tourists
were received, a decrease of 5.0%. Among the inbound tourists, 1.211 million foreign tourists were
received, a decrease of 2.2%; the number of compatriots from Hong Kong, Macao and Taiwan was
154,700, a decrease of 22.3% [20]. The total tourism revenue for the year was 492.308 billion yuan,
an increase of 16.9%. Among them, domestic tourism income was 487.789 billion yuan, an increase
of 17.1%; tourism foreign exchange income was
615 million US dollars, a decrease of 10.3%. At the
end of the year, there were 967 travel agencies in
the province, including 267 branches. There are 98

ABSTRACT
Tourism is one of the emissions sources of
CO2 and tourism activities can impose pressure on
the ecological environment. Low-carbon tourism
and circular economy have a common development
foundation, namely low emissions and high utilization. The development of tourism in Jilin is facing
problems such as lack of energy and degradation of
the tourism ecosystem. Research and analysis have
been conducted through questionnaires, literature
analysis, and tourist carbon footprint. The results
show that the development of low-carbon tourism
should fully consider ecological resources, environmental carrying capacity, The development of
functional areas requires corresponding development or protection strategies to protect the "health"
of low-carbon tourism resources in Jilin Province
and achieve sustainable development of economy,
ecology and tourism.

KEYWORDS:
Low-carbon tourism, Carbon emission, Eco-economic
System, Efficiency

INTRODUCTION
With profound impacts on people's work and
life, climate change has become one of the major
challenges facing the humanity, and the issue of
carbon dioxide emissions struggles politically,
economically and diplomatically among world
powers [1-3]. As the world's largest developing
country, China will most naturally be subject to
increasing pressure to reduce carbon dioxide emission because of the country's expanding energy
demand in order to accelerate urbanization and industrialization process and because of the country's
energy structure focused on traditional fossil fuels
[4]. It has gradually become a consensus shared by
the government and non-government organizations
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hotels above the star rating, including 4 five-star
hotels. There are 231 national A-level tourist attractions, including seven 5A-level tourist attractions.
As an industry in the national economy of Jilin
Province, the tourism industry has developed rapidly in recent years, accompanied by rapid economic growth and significant improvements in
people's living standards, and its role in promoting
economic growth has become more and more obvious. An important force for the sustained, stable
and rapid development of the provincial economy.
At present, with the growing pollution of the tourism environment and the degradation of the ecosystem, thinking about developing a low-carbon
tourism ecological economy is in line with the
needs of building a "resource-saving" and "environmentally friendly" society.

Jilin Province is located near the border, with a total
length of 1438.7 kilometers.
Research methods. Research and analysis is
conducted through questionnaires, literature analysis, and tourist carbon footprint.

RESULTS AND DISCUSSION
CO2 emissions from tourism in cities. For
direct CO2 emissions from tourism sector, Figure 1
shows the average annual amounts and annual
growths of direct CO2 emissions from the tourism
sector in 8 cities in Jilin from 2013 to 2018. According to the figure, the city of Changchun tops
the list in terms of average annual direct CO2 emissions at about 30000 tons. The differences between
the cities are stark, with the highest being 200 times
of the lowest. The direct CO2 emissions soared between 2013 and 2018ௗat an average annual growth
rate of between 15% and 32%.
"Carbon footprint" as an important concept in
the "low-carbon economy" refers to the impact of a
person's energy consciousness and behavior on nature, which simply refers to the "carbon consumption" of individuals or groups. Tourists' "carbon
footprint" mainly refers to the "carbon consumption" of tour groups or individual tourists in the
entire travel consumption. We mainly analyze the
"carbon footprint" of tourists from the following
four aspects.

MATERIALS AND METHODS
Research area. Jilin Province is located in the
geometric center of Northeast Asia composed of
Japan, Russia, North Korea, South Korea, Mongolia
and Northeast China. The ground spans between
121 e 38 Ą ̚ 131 e 19 Ą east longitude
and 40 e 50 Ą ̚ 46 e 19 Ą north latitude.
It is 769.62 kilometers long from east to west,
606.57 kilometers wide from north to south, and
has a land area of 187,400 square kilometers, accounting for 2% of China's land area. It borders
Heilongjiang Province in the north, Liaoning Province in the south, Inner Mongolia Autonomous Region in the west, the Russian Federation in the east,
and North Korea across the river in the southeast.

FIGURE 1
Average Annual Direct CO2 Emissions from the Tourism Sector and
Average Annual Growth Rate in Cities
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(1) Carbon footprint in food consumption.
People take food as the first priority, and carbon
emissions from tourists' food consumption are
mainly concentrated in the five aspects of food
production, storage, transportation, processing,
consumption and post-consumption treatment.

(4) Carbon footprint of tourist consumption.
The main consideration here is the carbon emissions of waste paper, plastic, cans, glass, leftovers,
used batteries, and other wastes left during the
stacking and transportation process due to tourists ’reasons after the tour. According to the IPCC
guidelines of the Intergovernmental Meteorological
Change Commission, we can calculate the daily
output of garbage and the CO2 generated per ton of
garbage transported based on the load of the garbage truck.

(2) Carbon footprint in accommodation
consumption. Earlier, we did a corresponding
study on the carbon emissions of catering consumption, so this part only focuses on the carbon
footprint of energy and material consumption in
hotels. According to the latest concept, although
hotel consumption is based on the annual unit, considering the impact of occupancy rate, the study
focuses on the average consumption per room. At
present, there is no uniform standard for the calculation method of hotel carbon footprint in the industry.

Development efficiency of low-carbon tourism economy in cities. It can be seen from Figure 2
that the economic development of Jilin Province is
the most important factor in the growth of carbon
emissions. With the development of the economy,
the added value of industry has grown steadily, and
the improvement of residents' living standards has
led to an increase in carbon emissions. Economic
growth is less resilient to carbon emissions, but due
to excessive economic growth, carbon emissions
have also increased substantially. Therefore, stabilizing the economic growth rate can effectively
reduce the carbon emission level. Studies have
shown that economic development and carbon
emissions are still in a relatively decoupled state,
and economic development will continue to be the
main influencing factor of carbon emissions for a
long time to come.

(3) Carbon footprint in travel consumption.
Carbon footprint calculation formula: self-driving
CO2 emissions = fuel consumption liters * 0.785;
by plane, short-distance CO2 emissions within 200
kilometers = kilometers * 0.275, mid-course CO2
emissions within 200 kilometers to 1000 kilometers
= 55+ 0. 105 * (km-200), long-distance CO2 emissions above 1000 km = km * 0.139.

FIGURE 2
Shelf Life Plot for All Batches
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Based on the model, we use analysis software
to evaluate the efficiency of the coordinated development of low-carbon tourism and ecological
economy in eight cities in Jilin Province (Figures 3
and 4). The results show that the average value of
development efficiency is 0.84, 0.86, 0.85, 0.79,
0.75, 0.74, and 0.73, while the total value remains
at a high level of 0.8, which means that during this
period, the internal production factors in the urban
tourism economy The potential in the system has
been fully released. Cities such as Changchun and
Jilin are at the forefront of technology during the
sampling period, with higher average annual efficiency values. The highest value is 2.3 times the
lowest value, indicating a significant difference in
development efficiency between cities. From the
perspective of dynamic changes, the efficiency of
low-carbon tourism economic development in cities
such as Changchun and Jilin has not declined under
the dual dimensions of economic development and
economic growth. Ecological environmental protection shows an upward trend, indicating that these
cities tend to be resource-intensive and environment-friendly. In addition, the development efficiency of low-carbon tourism economies in cities
such as Tonghua generally shows a downward trend,
corresponding to its tourism economy, which
wastes resources, pollutes the environment, and
develops low efficiency.

Improving development efficiency of
low-carbon tourism economy in cities.
Strengthen eco-tourism "low carbonization"
promotion. Eco-tourism in Jilin Province should
further emphasize the concept of protecting the
environment and reducing carbon emissions. In
product
development,
develop
low-carbon
eco-tourism routes, such as hiking eco-tours and
bicycle eco-tours; in the choice of scenic vehicles,
choose carbon dioxide in the scenic area
Low-emission means of transportation; use of new
energy and clean energy in the use of energy in the
scenic area to achieve further low-carbon development of eco-tourism in Jilin Province; use of environmental protection lines in the hospitality facilities of the scenic area to encourage tourists to bring
their own essential necessities to save energy and
reduce emissions.
Tap the development potential of tourism
resources. The development potential of local
tourism resources should be deeply explored, and
the tourism product mix should be optimized and
enriched to avoid wasting large amounts of tourism
resources. In-depth exploration of the potential of
the use of input elements, from the pursuit of investment input to the cultivation of quality, and at
the same time establish a communication platform
for tourism information exchange between cities.

FIGURE 3
Box-Cox Plot of Coordination degree
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(a)

(b)
FIGURE 4
Surface Plot of Coordination degree vs B, A
cal resources and environmental carrying capacity,
and adopt corresponding development or protection
strategies in accordance with the development requirements of main functional areas to protect The
"health" of eco-tourism resources in counties (cities)
of Jilin Province is realized, and the sustainable
development of county eco-tourism in Jilin Province is realized.

Increase governance of the ecological environment. The development of low-carbon tourism
requires further strengthening of the ecological environment. The core competitiveness of ecotourism
lies in the excellent ecological environment. It is
required to be clean, beautiful and pollution-free. At
present, there are water pollution and air pollution
in some scenic spots. Therefore, we must increase
the management of the ecological environment. It
requires the use of advanced science and technology and modern science and technology to manage
the ecological environment and restore the "health"
of ecological resources.
On the basis of clarifying the four types of
main functional areas in counties (cities) of Jilin
Province, the development of county-level ecotourism in Jilin Province should fully consider ecologi-

CONCLUSIONS
In the research, we built an evaluation framework of the direct and indirect CO2 emissions from
tourism sector, taking Jilin province of China as a
case study, and included the CO2 emission factor in
the efficiency evaluation framework, on the basis of
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which, we evaluated the development efficiency of
low-carbon tourism economy and analyzed its dynamic changes. The main conclusions reached in
this research are as follows:
The development of low-carbon tourism
should fully consider ecological resources, environmental carrying capacity. The development of
functional areas requires corresponding development or protection strategies to protect the "health"
of low-carbon tourism resources in Jilin Province
and achieve sustainable development of economy,
ecology and tourism.
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NOTICE

SELECTION AND EVALUATION OF ECOLOGICAL
LOGISTICS PARK MODE BASED ON
ECOLOGICAL PERSPECTIVE
Limeng Liu*
Business School of Huaihua University, Huaihua 418000, Hunan, China

enterprises that enter the park The number is
relatively small, and it does not achieve the desired
effect, and there is a waste of logistics resources; it
does not strictly meet the requirements of
environmental protection and ecological balance; it
has caused some adverse effects on the urban
environment; the construction of the ecological
park has destroyed the environment balance with
ecology and so on [3-5].
Due to the increasingly fierce market
competition, the development of logistics
information platforms only rely on a single profit
channel and traditional logistics business has been
difficult to continue, so in order to obtain new
profits, it must be combined with other industries;
at the same time, with the emergence of a series of
modern information technologies and financial
technologies such as big data, cloud computing,
Internet of Things, and blockchain, ecological
logistics has also received opportunities for
development. Therefore, with the changes in the
core business, profit channels, profitability, main
elements and value creation of the logistics
information platform, the logistics information
platform is gradually transformed into an ecological
logistics information platform, and the fundamental
reason for ensuring its profitability lies in its
sustainable development [6-9]. Based on the
business system theory, based on the existing
research, this paper classifies the ecological
logistics information platform from the perspective
of logistics supply and demand, describes its
connotation, and systematically studies its operation
mode and main service functions [10]. By verifying
the model in combination with actual cases, this
paper builds on its benefit channel calculation
model based on the analysis of the benefit channels
and calculation methods of multiple existing
ecological logistics information platforms [11]. The
theoretical value and practical value of this paper is
that it not only makes up for the lack of theoretical
research on ecological logistics information
platform, it has guided and promoted the
development of modern logistics industry and
ecological logistics information platform to a
certain extent.

ABSTRACT
In today's society, environmental issues have
become a key factor restricting the healthy
development of society, and how to achieve
sustainable development of society has become a
topic of common concern to all sectors of society.
With the development of social economy, the
logistics industry plays an increasingly important
role. The birth of ecological logistics park has
brought new vitality to the development of modern
logistics industry. The so-called ecological logistics
park is a logistics model that pursues economic
benefits in a reasonable manner based on the
development level of the local economy and a
variety of influencing factors.

KEYWORDS:
Ecological logistics park, Environmental protection,
Profit channels

INTRODUCTION
Due to the impact of economic globalization,
international competition is becoming more and
more fierce [1]. To achieve global management, it
is necessary to improve modern comprehensive
service capabilities. To achieve this goal, we must
play the role of modern logistics, namely the two
functions of economic development and logistics
organization. Its main role is to cooperate with the
production and operation activities of enterprises to
meet the needs of production and operation
activities of enterprises, to meet the living and
consumption needs of urban residents, and to
engage in convenient and fast production activities
nearby to meet people's social needs and adapt to
the management and operation of urban logistics
need [2].
At present, the main problems in the
construction of ecological logistics parks in China
are: the integration and coordination with the urban
layout is not complete; there is a lack of strong
coordination functions; the role of ecological
logistics parks is not fully exerted, and the logistics
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Conducive to economic development. The
industrial structure of the ecological park and the
development of its transportation environment play
a very important role in the construction of the
ecological park. We know that the effective
protection of the supply chain, the fundamental
guarantee is the ecological logistics park, and the
competition between all walks of life is the
competition between the supply chain, so the
improvement of the competitiveness of enterprises
and enterprise supply chains are determined by the
ecological logistics park Whether it can be
reasonably constructed; secondly, the construction

MATERIALS AND METHODS
The
interaction
between
economic
development and ecological logistics park. The
level of economic development plays a key role in
the layout and construction of the ecological
logistics park, and plays a decisive role in the
positioning of the ecological logistics park. The
construction of the ecological logistics park must
rely on the rapid development of the eco-park
economy if it is to obtain a broad market and
sufficient funding.

(a)

(b)
FIGURE 1
Modern ecological logistics
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of the ecological park also has a certain impact on
the development of the local economy. The
construction of the ecological logistics park
requires a lot of infrastructure. On the one hand, it
can promote economic growth, and at the same
time it can also be to a certain extent (Fig.1). Solve
some social problems such as employment. One of
the important means of competition for modern
enterprises is the reduction of production costs. The
specialization and scale of modern logistics, that is,
the systematic integration of the original
decentralized
warehousing,
packaging,
transportation,
information
processing
and
circulation processing, is the cost advantage of
modern logistics. The reason why the competition
in the modern logistics market is becoming more
and more fierce lies in the continuous improvement
of modern science and technology and productivity.
The economic and technological advantages of
different logistics nodes are constantly changing,
which makes the competition between them more
complicated. In addition, the service services of
their respective nodes also overlap and overlap, so
that the nodes cooperate with each other, which has
now become the characteristics and advantages of
the entire logistics industry. Sustainable
development of logistics nodes. The third is to
integrate various functional elements of logistics.
With the development of the economy, due to the
flexible and diverse services of the logistics node,
the development of the supply chain can enable
companies to obtain greater benefits. The increase
in the logistics operation links within the node
increases the logistics production costs. Therefore,
the new ecological logistics park meets both In
addition to the diversified needs of enterprises and

economic development, social and environmental
benefits have been realized. Therefore, the
development of social and economic development
is an inevitable result of the ecological park.

RESULTS AND DISCUSSION
Analysis of the operation mode of the
information platform of the eco-logistics park of
vehicle-cargo integration. There are many factors
involved in the main body of the ecological
logistics information platform for vehicle and
freight integration, and it itself involves multiple
main bodies. This is a complex system. The main
bodies are related to each other, and each theme is
composed of multiple elements. Therefore, the core
of the information platform of the ecological
logistics park of the vehicle-cargo integration is the
logistics service supplier and the logistics service
demand side, which is also a prerequisite for the
establishment of its platform. Many trucks on the
platform have produced after-market services such
as ETC discounts, refueling discounts, and truck
repairs; a large number of logistics service
providers, logistics service demanders, and truck
aftermarket service parties will have various types
of capital needs, resulting in Car purchase loans,
vehicle insurance, cargo insurance, financial
products and other financial services; transactions
between the above elements will generate a lot of
data, so the platform can provide data consultation,
data sales and other big data services to all parties
through the obtained data .

FIGURE 2
Ecological logistics operation site
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(1) Platform operation and management party.
The platform operation manager is also connected
with partners such as logistics service providers,
logistics service demanders, financial service
providers, truck aftermarket service providers, and
big data service providers. It is a strategic decision
maker, relationship coordinator, and technical
supporters (Fig.2). By integrating the supply and
demand information provided by logistics service
providers and logistics service demand parties, the
platform formulates corresponding logistics service
solutions for it; the platform does not participate in
the specific business of financial service providers
and truck aftermarket service providers, but only
attracts services through its own core values
Demand-side, supply-side and other relevant
participants gather and provide corresponding data
products to all parties through big data and cloud
computing technologies; the platform collects a
large amount of data generated by transactions
between the participating entities, and inter-party
data with big data service providers Sharing,
together with big data service providers, provide
data products to data demanders.
(2) Logistics service provider. Logistics
service providers include private truck drivers,
logistics companies, logistics parks, ports, and
railway freight stations, among which private truck
drivers and logistics companies are the main
players. Form an equal partnership through the
platform and jointly provide related services to the
logistics service demand side. Specifically, each
logistics service provider publishes its own service
capability information on the platform, and through
the matching of the platform, it provides each
logistics service demander with the logistics service
it needs.
(3) Logistics service demand side. Demand
parties for logistics services include private
shippers, logistics companies, manufacturing
companies, manufacturing companies, trading
companies, and professional markets. Each logistics
service demand side publishes logistics demand
information on the platform, and obtains various
logistics services required by the platform
matching.
(4) Financial service providers. Financial
service providers include banks, insurance

companies, and financial companies. Through
cooperation with the platform, it continuously
expands its customers and achieves a win-win
situation for all parties. Financial service providers
provide loans, cargo insurance, vehicle insurance,
financial products and other services to logistics
service providers, provide loans, cargo insurance,
financial products and other services to logistics
service demand parties, and provide loans and
financial products to truck aftermarket service
providers Services such as loans and financial
products for big data service providers.
(5) Service provider of the truck aftermarket.
Service providers for the truck aftermarket include
highway operation managers, oil companies, and
truck repair service providers. By cooperating with
the platform, we can continuously expand
customers and achieve a win-win situation for all
parties. The truck aftermarket service provider
mainly provides services such as discounts on ETC
tolls, discounts on refueling fees and discounts on
maintenance fees for trucks on the platform.
(6) Big data service provider. Big data service
providers include platform operation managers
themselves and other big data technology service
companies. The platform operation management
party obtains a large amount of transaction and
service data through the platform. On the one hand,
it uses data mining technology to develop data into
customer credit rating, business time and space heat
maps, precision marketing and other data products,
and sells it to the demand side. ; On the other hand,
part of the data is sold to other big data technology
service companies to obtain data sales revenue.
Construction of calculation model. By
combining the existing relevant research to analyze
the profit channels of multiple vehicle-cargo
integration ecological logistics information
platforms, the four profit channels of the vehiclecargo integration ecological logistics park
information platform are shown in Table 1 below.
Vehicle and cargo information service refers to
matching the truck and cargo information on the
platform, so as to realize the convenient service of
finding the car and finding the goods; refueling fees
and truck maintenance fees, etc., and can enjoy

TABLE 1
Four profitable channels of ecological logistics information platform
Channel of interest
Yield indicator
Channel of interest
Yield indicator
Car loan information Business
matching Financial Services
Vehicle
insurance
service
income
income
Truck
Aftermarket ETC toll income
Loan service income
Service
Oil revenue
Financial
product
income
Truck repair revenue
Big data services
Data sales revenue
Financial Services
Loan insurance income
Data
consulting
revenue
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TABLE 2
Mathematical expressions of interest channels
Mathematical expression
No.
Mathematical expression
R = RFS + RB + RF + RBD
R bs = V b * R pb * Pb
9
V b 4a * S b
5 Ȉ4ai Ȗd * Reo
10
RB = Rt + Ro + Rm
R cs 4 a * S c * P c
11
Rt 4a*Cet*Rpt
R l = R bl + R ol
12
R bl 4 a * P l * L c * R pcc
Cet = Cetd * Cetc
13
Ro 4a * Ceo * Rpo
R ol = R oln * R olp
14
C eo = C etk * C ets
R of = R ofn * R ofp
15
R m 4a * C em * R pm
R BDC = R BDS * R BDP
16
RF =R bs + R cs + R l + R of

certain discounts; financial services refer to the
platform The trucks and goods provide insurance
purchase services with certain discounts and
provide loans and financial products for individuals
and enterprises. Big data services refer to the
desensitization of data generated by various entities
on the platform to be sold to enterprises and
enterprises that need to purchase data. Provide data
consulting services for related companies. Through
field investigations and other related researches, a
benefit channel calculation model as shown in
Table 2 is constructed.

the expected revenue is considerable; (2) Due to the
continuous expansion of the platform scale and the
gradual development of user habits, of all the
revenue of the platform, after-market services and
Financial service revenue accounts for the vast
majority of the proportion, and the number of
trucks joining the platform is large, resulting in
economic flow. Due to the large number of
participants on the platform and the complex
interest channels, the research in this article has a
certain guiding significance for practice and makes
up for the vacancy of existing theoretical research.
The development of an ecological logistics
information platform requires each participant to
shoulder the corresponding mission on their own
niche. Therefore, how to more fairly and reasonably
distribute the benefits among the participants on the
platform will be the next research direction and
research Focus.

CONCLUSION
In summary, through analysis, the following
conclusions can be drawn: first, the development
trend of the entire ecosystem of the information
platform of the eco-logistics park of vehicle and
freight integration is very healthy and fast; second,
research shows that due to the ecology of vehicle
and cargo integration The continuous growth of the
scale of the logistics information platform and the
gradual formation of its users’ habit of using this
product, as well as the increasing number of
franchises, its market service accounted for a
relatively high proportion, thus providing favorable
conditions for the sustainable development of the
platform.
In the context of existing economic reforms,
market competition in the corporate sector will
become more intense. However, the rapid
development of informatization has also indicated
the direction for the development of logistics
information platforms, that is, the development
direction of logistics information platforms will be
ecological logistics information that combines
multiple industries. This article describes the
operation mode of the ecological logistics
information platform, builds a profit channel
calculation model, and analyzes the participating
entities of the ecological logistics information
platform and the services provided by them, and
verifies the model with examples. The results found
that: (1) The development trend of the ecological
logistics ecological platform is relatively good, and
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PHQW RI FODVVURRP WHDFKLQJ LV WKH PRVW LPSRUWDQW
HQOLJKWHQPHQWRIHFRORJ\WRWHDFKLQJUHVHDUFK>
@ $V WKH FRQFHSW RI HFRORJ\ KDV JUDGXDOO\
SHQHWUDWHGLQWRWKHKHDUWVRISHRSOHIRUGHFDGHVWKH
UHVHDUFKILHOGKDVJUDGXDOO\ERUURZHGWKHFRQFHSWRI
HFRORJ\WRGLJHVWDEVRUEDQGGHYHORSDQGJUDGXDOO\
IRUPHGWKHSURWRW\SHRIWKHGLVFLSOLQH7KHPHWKRGV
DQG PHWKRGV DUH LQLWLDOO\ LQ OLQH ZLWK WUDGLWLRQDO
SHGDJRJ\ SURYLGLQJ D QHZ SHUVSHFWLYH DQG
DFDGHPLFWRROVIRUSHGDJRJ\UHVHDUFK


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

,QYLHZRIWKLVLQDGGLWLRQWROLWHUDWXUHDQDO\VLV
RI WKH WKHRU\ XVHG WKLV UHVHDUFK PDLQO\ XVHV
SDUWLFLSDWRU\REVHUYDWLRQVDQGLQWHUYLHZVWRFROOHFW
DQGLQYHVWLJDWHWKHGDWD,KRSHWRJHWDVFLHQWLILFDQG
UHVHDUFKGDWDDQGUHVHDUFKPDWHULDOVZLWKRXWORVLQJ
VSHFLILFGHWDLOV


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

7KH (FRORJLFDO 5HODWLRQVKLS EHWZHHQ
7HDFKLQJ 5HIRUP DQG 7DOHQW 7UDLQLQJ 0RGHO
,QQRYDWLRQ (GXFDWLRQDO HFRORJ\ EHOLHYHV WKDW WKH
XQLYHUVLW\LVLQDQHFRORJLFDOHQYLURQPHQWFRPSRVHG
RI QDWXUDO HFRQRPLF VRFLDO FXOWXUDO DQG RWKHU
IDFWRUV ,W LV EDVHG RQ WKH EHKDYLRU RI SHRSOH
HGXFDWRUV DQG HGXFDWHG SHRSOH  WKH HGXFDWLRQDO
HQYLURQPHQWDQGWKHIORZRIHGXFDWLRQDOUHVRXUFHV
$Q DUWLILFLDO VRFLDO HFRV\VWHP RI OLIHOLQH KDV
HFRORJLFDO FKDUDFWHULVWLFV VXFK DV UHOHYDQFH
DGDSWDELOLW\ V\PELRVLV EDODQFH DQG YDULDELOLW\
7DOHQW WUDLQLQJ LV WKH PDLQ VRFLDO IXQFWLRQ RI WKH
XQLYHUVLW\ 7KH XQLYHUVLW\ LQWHJUDWHV WKH DFWXDO
VLWXDWLRQ ZLWK LWV HGXFDWLRQDO WKRXJKWV DQG
HGXFDWLRQDO FRQFHSWV WR GHVLJQ WDOHQW WUDLQLQJ
REMHFWLYHV WUDLQLQJ VSHFLILFDWLRQV DQG WUDLQLQJ
PHWKRGV FRQVWUXFWV VWXGHQWV ¶NQRZOHGJH DELOLW\
DQG TXDOLW\ VWUXFWXUH IRUPV LWV FKDUDFWHULVWLFV RI
WUDLQLQJ WDOHQWV WR DGDSW WR VRFLDO QHHGV DQG
SURPRWHV WKH XQLYHUVLW\ ¶V WDOHQW WUDLQLQJ PRGHO
)LJ  7UDQVIRUPDWLRQ DQG LQQRYDWLRQ 7KH
LQQRYDWLRQRIXQLYHUVLW\WDOHQWWUDLQLQJPRGHOFORVHO\

LQWHJUDWHV WKH QHHGV RI HFRQRPLF DQG VRFLDO
GHYHORSPHQW IRU WKH FXOWLYDWLRQ RI YDULRXV
LQQRYDWLYH WDOHQWV DGYDQFHV ZLWK WKH WLPHV DQG
LQWHJUDWHV ZLWK WKH VHUYLFH FRQWULEXWLRQ VRFLHW\
WKURXJK WKH WUDQVIHU RI WDOHQWV WR WKH VRFLHW\ WR
FRQQHFW ZLWK WKH VRFLHW\ DQG H[FKDQJH UHVRXUFHV
ZLWK HDFK RWKHU ,QIRUPDWLRQ H[FKDQJH FDQ
HIIHFWLYHO\ UHJXODWH WKH LQWHUQDO DQG H[WHUQDO
HFRORJLFDO EDODQFH RI WKH XQLYHUVLW\ V\VWHP
7HDFKLQJLVDEDVLFZD\IRUXQLYHUVLW\WDOHQWWUDLQLQJ
&RQVWUXFWLQJ D WDOHQW HFRORJLFDO FKDLQ VKRXOG
PDLQWDLQWKHEDVLFSRVLWLRQRIWHDFKLQJLQWKHWDOHQW
WUDLQLQJ V\VWHP 3URPRWLQJ LQQRYDWLRQ LQ WDOHQW
WUDLQLQJ PRGHOV WKURXJK WHDFKLQJ UHIRUP FDQ OD\ D
VROLGIRXQGDWLRQIRULPSURYLQJWKHTXDOLW\RIWDOHQW
WUDLQLQJ

&ROOHJH SK\VLFDO HGXFDWLRQ SOD\V D XQLTXH
UROH LQ LPSURYLQJ WKH WDOHQW WUDLQLQJ HFRV\VWHP
'HWHUPLQHG E\ QDWLRQDO FRQGLWLRQV VSRUWV KDYH
DOZD\V EHHQ DQ LPSRUWDQW SDUW RI &KLQD V KLJKHU
HGXFDWLRQ V\VWHP &ROOHJH VSRUWV LV D FRPSXOVRU\
EDVLFFRXUVHIRUFROOHJHVDQGXQLYHUVLWLHV$VDPDLQ
ZD\ WR FDUU\ RXW KHDOWK TXDOLW\ HGXFDWLRQ DQG
SK\VLFDO ILWQHVV VHUYLFHV LW LV LQGLVSHQVDEOH LQ
LPSURYLQJ FROOHJH VWXGHQWV  SK\VLFDO ILWQHVV DQG
KHDOWK 7KH UROH ,Q -XO\  WKH 0LQLVWU\ RI
(GXFDWLRQLVVXHGWKH%DVLF6WDQGDUGVIRU3K\VLFDO
(GXFDWLRQ LQ &ROOHJHV DQG 8QLYHUVLWLHV ZKLFK
FOHDUO\ UHTXLUHV VFKRRO VSRUWV WR EH LQFOXGHG LQ DOO
DVSHFWV RI WKH VFKRRO V FRPSUHKHQVLYH LPSOHPHQ
WDWLRQRITXDOLW\HGXFDWLRQLQQRYDWLQJWDOHQWWUDLQLQJ
PRGHOVDQGWDSSLQJVFKRROVSRUWVLQVWXGHQWPRUDO
HGXFDWLRQ LQWHOOHFWXDO GHYHORSPHQW SK\VLFDO DQG
PHQWDO KHDOWK  $HVWKHWLF OLWHUDF\ DQG D GLYHUVH
OLIHVW\OH LQ WKH IRUPDWLRQ RI KHDOWK\ OLIHVW\OHV WR
LPSURYH VWXGHQWV  FRPSUHKHQVLYH TXDOLW\ 6SRUWV
LQWHJUDWHVWKHIXQFWLRQVRIKDUPRQLRXVGHYHORSPHQW
RIERG\DQGPLQGVXFKDVHGXFDWLRQILWQHVVSX]]OH
PRUDOFXOWLYDWLRQHWF
7KH FOHDU HGXFDWLRQ DQG SUDFWLFDOLW\ SOD\ D
XQLTXH UROH LQ FXOWLYDWLQJ FROOHJH VWXGHQWV 
XQVZHUYLQJ ZLOO TXDOLW\ WHQDFLRXV ILJKWLQJ DQG
FRXUDJHRXV FRPSHWLWLYH VSLULW WKH DELOLW\ WR ZRUN
LQGHSHQGHQWO\DQGXQLWHDQGFRRSHUDWHDQGVKDSLQJ
LQGHSHQGHQFH RSHQPLQGHG SHUVRQDOLW\ 6XEFRQ
VFLRXVO\ SURPRWH WKH LPSURYHPHQW RI LQQRYDWLRQ
TXDOLWLHV VXFK DV LQQRYDWLRQ DZDUHQHVV LQQRYDWLRQ
VSLULW DQG LQQRYDWLRQ DELOLW\ RI FROOHJH VWXGHQWV
'HHSHQLQJ WKH UHIRUP RI XQLYHUVLW\ SK\VLFDO
HGXFDWLRQLVDQLPSRUWDQWPHDVXUHWRVWUHQJWKHQWKH
LQQRYDWLRQ RI XQLYHUVLW\ WDOHQW WUDLQLQJ PRGHO DQG
LPSURYH WKH V\VWHP RI LQQRYDWLYH WDOHQW WUDLQLQJ
)LJ 

7KH WHDFKLQJ HFRHQYLURQPHQW IDFWRUV
WKDWDIIHFWWKHPDLQUROHRIWHDFKHUV)LUVWRIDOO
GXHWRVHFXODUSUHMXGLFHDQGWKHQHJDWLYHLPSDFWRI
WHVWRULHQWHGHGXFDWLRQLQDFWXDOZRUNVFKRROVSRUWV
DUHQRWYDOXHGLQVFKRROVDQGVRFLHW\DQGSK\VLFDO
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HGXFDWLRQ WHDFKHUV DUH GLVDGYDQWDJHG LQ WHUPV RI
PHULW HYDOXDWLRQ DZDUGV MRE WLWOHV SURPRWLRQ
6HFRQGO\ WKHUH DUH QRW PDQ\ RSSRUWXQLWLHV IRU
WUDLQLQJDQGIXUWKHUHGXFDWLRQIRUSK\VLFDOHGXFDWLRQ
WHDFKHUV DQG WKH DGYDQFHG H[SHULHQFH QHZ
NQRZOHGJHDQGQHZWHFKQRORJLHVRIRWKHUVDUHVORZ
WR OHDUQ DQG PDVWHU 7KLUG PDQ\ FROOHJHV DQG
XQLYHUVLWLHV LQ RXU FRXQWU\ XVH UHZDUGV DQG
SXQLVKPHQWV WR HYDOXDWH WHDFKHUV E\ VWXGHQWV DQG
WKH UHVXOWV ZLOO DIIHFW SHUVRQQHO GHFLVLRQV VXFK DV
SURPRWLRQSURPRWLRQVDODU\LQFUHDVHDQGUHZDUG
7KLVNLQGRIHYDOXDWLRQRYHUHPSKDVL]HVWKHVWXGHQWV
LQGLYLGXDO LQWHUHVWV DQG QHHGV ZKLFK PDNHV
WHDFKHUVIHHOURXQGHGDQGKXUWVWKHLUIHHOLQJVWKXV
FUDFNLQJ GRZQ RQ WHDFKHUV  HQWKXVLDVP DQG
FUHDWLYLW\LQWU\LQJWRUHIRUP

7KHWHDFKLQJHFRHQYLURQPHQWIDFWRUWKDW
DIIHFWVWKHPDLQUROHRIVWXGHQWV)LUVWRIDOOPDQ\
FROOHJH VWXGHQWV GR QRW KDYH DQ DXWRQRPRXV DQG
FRUUHFWYLHZRIVSRUWVOHDUQLQJ'XHWRWKHQHJDWLYH
LPSDFW RI H[DPRULHQWHG HGXFDWLRQ DQG WKH ODFN RI
DWWHQWLRQ IURP VFKRRO OHDGHUV PRVW VFKRROV RQO\
IRFXV RQ SURIHVVLRQDO FRQVWUXFWLRQ DQG VSRUWV JLYH
ZD\ PDNLQJ VWXGHQWV GHVSLVH VSRUWV IURP WKH
SHUVSHFWLYH RI WKLQNLQJ 6HFRQGO\ GXH WR WKH
REVROHWH FRQFHSW RI WHDFKHUV WKHUH LV QR UHDO
XQGHUVWDQGLQJRIWKHGXDOVXEMHFWLYHODZRISK\VLFDO
HGXFDWLRQVRWKDWWKHWHDFKLQJPRGHRIFUDPPLQJ
GXFN RU VKHHSLQJ VKHHS DSSHDUV LQ WHDFKLQJ
SUDFWLFH 7KLUG LQ WKH DUUDQJHPHQW RI WHDFKLQJ
FRQWHQW WKH FRQQHFWLRQ ZLWK KLJK VFKRRO SK\VLFDO
HGXFDWLRQLVQRWGRQHZHOODQGLWVFRQWHQWUHSHDWVWKH
WHDFKLQJ FRQWHQW RI KLJK VFKRRO LQ D ODUJH DPRXQW
DQGLWLVVLPSO\UHSHDWHG(YHQLIWKHRSWLRQDOFODVV
LV DUUDQJHG WKH FRQWHQW LV VWLOO FRQFHQWUDWHG RQ WKH
EDVNHWEDOOURZDQGWKHWKUHHELJEDOOV)RUVWXGHQWV 
IDYRULWH ILWQHVV HQWHUWDLQPHQW DQG FXUUHQW SRSXODU
LWHPVVXFKDVWHQQLVVZLPPLQJUROOHUVNDWLQJHWF
GXHWRWKHYHQXHHTXLSPHQWWHDFKHUVIXQGLQJ7KH
UHDVRQ LV WKDW WKH GHYHORSPHQW LV QRW JRRG VR LW
VKRZV WKDW UHJDUGOHVV RI ZKHWKHU WKH VWXGHQWV DUH
ZLOOLQJ LQWHUHVWHG RU QHFHVVDU\ IRUFLEO\
LPSOHPHQWHG UHVXOWLQJ LQ VWXGHQWV  UHEHOOLRXV
SV\FKRORJ\ DQG UHVLVWDQFH EHKDYLRU ZKLFK DIIHFWV
WKH HIIHFW RI SK\VLFDO HGXFDWLRQ DQG UHGXFHV WKH
TXDOLW\RISK\VLFDOHGXFDWLRQ

(IIHFWLYH FRQVWUXFWLRQ RI WHDFKLQJ
HFRORJLFDO HQYLURQPHQW LQ SK\VLFDO HGXFDWLRQ
(VWDEOLVK WKH KHDOWK ILUVW VWXGHQWFHQWHUHG
HFRORJLFDO GHYHORSPHQW JXLGLQJ LGHRORJ\ 7KH
HFRORJLFDO FULVLV FRPHV GRZQ WR WKH VXUYLYDO FULVLV
DQG FXOWXUDO FULVLV RI PRGHUQ VRFLHW\ ,W H[LVWV LQ
VRFLDO PHFKDQLVPV KXPDQ EHKDYLRU SDWWHUQV DQG
YDOXHV ,I \RX ZDQW WR FKDQJH ILUVW DVN HDFK
,QGLYLGXDOVFKDQJHDWWLWXGHVYDOXHVDQGOLIHVW\OHV
7KH LQQRYDWLRQ RI WKH WDOHQW WUDLQLQJ PRGHO LV
EDVLFDOO\DFKDQJHLQWKHFRQFHSWRIUXQQLQJDVFKRRO
,PSURYLQJ WKH HFRORJLFDO HQYLURQPHQW IRU WDOHQW

WUDLQLQJLQXQLYHUVLWLHVLVWKHIXQGDPHQWDOJRDODQG
LPSURYLQJ WKH KHDOWK RI WKH KXPDQ ERG\ LV WKH
IRXQGDWLRQ 7KH UHIRUP RI XQLYHUVLW\ SK\VLFDO
HGXFDWLRQ VKRXOG LQVLVW RQ FORVHO\ FRPELQLQJ WKH
VFKRRO VRULHQWDWLRQDQGFKDUDFWHULVWLFVRIUXQQLQJD
VFKRRO VWDUWLQJ IURP WKH SUDFWLFH RI SHUVRQQHO
WUDLQLQJ WDNLQJ VWXGHQWV DV WKH EDVLV IXOO\
HPERG\LQJ WKH HFRORJLFDO SKLORVRSK\ RI KHDOWK
ILUVW GLVWLQFWLYH FKDUDFWHULVWLFV HFRORJLFDO
GHYHORSPHQW LQ RUGHU WR FUHDWH D JRRG 7DOHQW
WUDLQLQJ DQG WHDFKLQJ HFRORJLFDO HQYLURQPHQW
IRUPLQJ DQ HFRORJLFDO SDWWHUQ RI EDODQFHG
GHYHORSPHQW RI VSRUWV DQG RWKHU GLVFLSOLQHV WR
SURPRWHWDOHQWWUDLQLQJIXUWKHUKLJKOLJKWLQJWKHFRUH
TXDOLWLHV RI VSRUWV LQ FXOWLYDWLQJ FROOHJH VWXGHQWV
¶VRFLDO UHVSRQVLELOLW\ SK\VLFDO DQG PHQWDO KHDOWK
OHDUQLQJ WR OHDUQ DQG SUDFWLFLQJ LQQRYDWLRQ LQ
VKDSLQJ FKDUDFWHU DQG LPSURYLQJ SHUVRQDOLW\ 7KH
XQLTXHUROHRIKLJKTXDOLW\SHUVRQQHOWUDLQLQJJRDOV
6\VWHPDWLFDOO\SODQDQGHQULFKWKHFRQWHQWDQG
W\SHV RI VSRUWV FRXUVHV %DVHG RQ WKH EDVLF VSRUWV
TXDOLW\DQGVSRUWVRSWLRQVFRXUVHVDODUJHQXPEHURI
VSRUWVFXOWXUDOTXDOLW\HOHFWLYHFRXUVHVVXFKDVVSRUWV
FXOWXUDO OHFWXUHV VSRUWV HYHQWV WHFKQLTXHV DQG
WDFWLFV DQG VSRUWV HYHQWV DSSUHFLDWLRQ FODVVHV DUH
LQQRYDWLYHO\FUHDWHG$WWKHVDPHWLPHDVWKHFXOWXUDO
FRQQRWDWLRQ RI WKH FRXUVH LW IXOO\ H[SRXQGV WKH
KXPDQLW\RIFROOHJHSK\VLFDOHGXFDWLRQ6WXGHQWVLQ
WKHVFKRROFKRRVHFRXUVHVLQGHSHQGHQWO\DFFRUGLQJ
WR WKHLU LQWHUHVWV DQG KREELHV FKRRVH WHDFKHUV
LQGHSHQGHQWO\ DQG XVH PRGHUQ WHDFKLQJ PHWKRGV
VXFK DV PXOWLPHGLD DQG OLYH GHPRQVWUDWLRQV WR
FRPELQH WKH WHDFKLQJ RI VSRUWV FXOWXUH VSRUWV
WHFKQLFDO DQG WDFWLFDO NQRZOHGJH DQG WKH YLHZLQJ
DQGHYDOXDWLRQRIVSRUWVHYHQWVIRFXVLQJRQWHDFKLQJ
DQG OHDUQLQJ SURFHVVHV 7KH DFWLYH SDUWLFLSDWLRQ RI
PLGGOH DQG XQLYHUVLW\ VWXGHQWV PDNHV WKH WHDFKLQJ
VFHQHPRUHUHDODQGWKUHHGLPHQVLRQDOUHDOL]HVWKH
SXUVXLW RI LQGLYLGXDO FUHDWLYH GHYHORSPHQW RI WKH
XQLYHUVLW\ VWXGHQWV H[SORUHV WKH LQQRYDWLRQ
DZDUHQHVVDQGLQQRYDWLRQSRWHQWLDORIHDFKVWXGHQW
DQGFDQFXOWLYDWHWKHVWXGHQWV LQQRYDWLRQTXDOLW\DQG
WKH JRDO RI GHYHORSLQJ VWXGHQWV  LQQRYDWLRQ DELOLW\
6WUHQJWKHQ VWXGHQWV  VHOIGLUHFWHG OHDUQLQJ RI
SK\VLFDO HGXFDWLRQ WKHRU\ FODVVHV ,Q RUGHU WR
FXOWLYDWH VWXGHQWV VSRUWV DZDUHQHVV EURDGHQ
VWXGHQWV  VSRUWV FRQQRWDWLRQDQGEH DEOH WR DFKLHYH
WKH FRPSUHKHQVLYH VSRUWV DELOLW\ WKDW WKH\ VKRXOG
KDYHDIWHUVFKRROVSRUWVEHKDYLRU3K\VLFDOHGXFDWLRQ
WKHRU\ FODVVHV DUH PDLQO\ EDVHG RQ VHOIVWXG\ RI
VWXGHQWVVXSSOHPHQWHGE\WHDFKHUJXLGDQFH


&21&/86,216

7KLV DUWLFOH XVHV HFRORJLFDO WKHRULHV DQG
PHWKRGV WR HVWDEOLVK D QHZ FRQFHSW RI WKH GXDO
VXEMHFW RI SK\VLFDO HGXFDWLRQ WHDFKHUV WKH
FRPSUHKHQVLYH LQWHJUDWLRQ RI SK\VLFDO HGXFDWLRQ
JRDOVDQGFRQWHQWDQGEXLOGDQHFRORJLFDOSK\VLFDO
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HGXFDWLRQHQYLURQPHQW7KHUHVXOWVVKRZWKDWXQGHU
WKH JXLGDQFH RI TXDOLW\ HGXFDWLRQ DQG WKH LGHD RI
KHDOWKILUVWWKHUHIRUPHGGLVFLSOLQHSURPRWHVWKH
LQQRYDWLRQRIWDOHQWWUDLQLQJPRGHO,WLVEHQHILFLDOWR
WKHGHYHORSPHQWRIWHDFKHUVDQGVWXGHQWVWREXLOGDQ
LQWHUQDODQGH[WHUQDOLQWHJUDWLRQWRWHDFKHFRORJLFDO
PRGHOVDQHFRV\VWHPRISK\VLFDOHGXFDWLRQFRXUVHV
LPSOHPHQW HFRORJLFDO HYDOXDWLRQ DQG FUHDWH DQ
HFRORJLFDO HQYLURQPHQW IRU OHDUQLQJ DQG OHDUQLQJ
WKURXJKRXW WKH OHDUQLQJ VWDJH 7KLV UHVHDUFK FDQ
LPSURYH WKH TXDOLW\ RI SHUVRQQHO WUDLQLQJ DQG
SURYLGH WKHRUHWLFDO UHIHUHQFH IRU WKH UHIRUP RI
FROOHJHSK\VLFDOHGXFDWLRQLQWKHQHZSHULRG


5()(5(1&(6

>@ %ORGJHWW $7 6FKLQNH 5-   ³:KHQ
\RX¶UHFRPLQJIURPWKHUHVHUYH\RX¶UHQRWVXS
SRVHGWRPDNHLW´6WRULHVRI$ERULJLQDODWKOHWHV
SXUVXLQJ VSRUW DQG DFDGHPLF FDUHHUV LQ PDLQ
VWUHDP´FXOWXUDOFRQWH[WV3V\FKRORJ\RI6SRUW
DQG([HUFLVH
>@ %URZQ'-)OHWFKHU'+HQU\,%RUULH$
(PPHWW-%X]]D$:RPEZHOO6  $
%ULWLVKXQLYHUVLW\FDVHVWXG\RIWKHWUDQVLWLRQDO
H[SHULHQFHV RI VWXGHQWDWKOHWHV 3V\FKRORJ\ RI
6SRUWDQG([HUFLVH
>@ <H4:DQJ$  ,GHDRITXDOLW\HGXFD
WLRQ  UHIRUPDWLRQ RI SK\VLFDO HGXFDWLRQ QHW
ZRUN FRXUVH LQ XQLYHUVLW\ -RXUQDO RI 3K\VLFDO
(GXFDWLRQ  
>@ 6KXR *   1HWZRUN (GXFDWLRQ DQG 1HZ
,GHDVIRUWKH5HIRUPRI&ROOHJH3K\VLFDO(GX
FDWLRQ3URFHGLD(QJLQHHULQJ
>@ &RQUR\ '( &RDWVZRUWK -'   $V
VHVVLQJ DXWRQRP\VXSSRUWLYH FRDFKLQJ VWUDWH
JLHVLQ\RXWKVSRUW3V\FKRORJ\RI6SRUWDQG([
HUFLVH
>@ &KHQ;-LD-  $SSOLFDWLRQRIWKH,Q
WHUQHW LQ WKH 3K\VLFDO (GXFDWLRQ LQ 8QLYHUVLW\
-RXUQDORI3/$,QVWLWXWHRI3K\VLFDO(GXFDWLRQ
 
>@ 3DFNKDP $ 6WUHHW %   7KH HIIHFWV RI
SK\VLFDO HGXFDWLRQRQVWXGHQW ILWQHVV DFKLHYH
PHQW DQG EHKDYLRU (FRQRPLFV RI (GXFDWLRQ
5HYLHZ
>@ +X=  7KHDSSOLFDWLRQUHVHDUFKRQFRP
SXWHU QHWZRUN LQ PRGHUQ VSRUWV HGXFDWLRQ
6KDQGRQJ3K\VLFDO(GXFDWLRQ,QVWLWXWH  

>@ /H\WRQ 0 %DWLVWD 0 -LPpQH]&DVWXHUD 5
 3UHGLFWLRQPRGHORIKHDOWK\OLIHVW\OHVLQ
SK\VLFDOHGXFDWLRQVWXGHQWVEDVHGRQVHOIGHWHU
PLQDWLRQ WKHRU\ 5HYLVWD GH 3VLFRGLGiFWLFD
(QJOLVKHG 





>@%HUULRV$JXD\R%3DQWRMD9DOOHMR$/DWRUUH
5RPiQ3$  $FXWHHIIHFWRIWZRGLIIHU
HQW SK\VLFDO HGXFDWLRQ FODVVHV RQ PHPRU\ LQ
FKLOGUHQ VFKRRODJH &RJQLWLYH 'HYHORSPHQW

>@*XR++H=  7KHXVLQJRILQWHUQHWLQ
IRUPDWLRQDQGWKHUHIRUPDWLRQRISK\VLFDOHGX
FDWLRQLQXQLYHUVLWLHV-RXUQDORI3K\VLFDO(GXFD
WLRQ  
>@/HRQDUG )-   $VSHFWV 5HJDUGLQJ WKH
&RUUHODWLRQ EHWZHHQ WKH /HYHO RI ,QIRUPDWLRQ
DQGWKH:RUN6DWLVIDFWLRQZLWKLQWKH8QLYHUVLW\
(GXFDWLRQ RI 3K\VLFDO 7UDLQLQJ DQG 6SRUW RI
3LWHVWL 3URFHGLD  6RFLDO DQG %HKDYLRUDO 6FL
HQFHV
>@*DUQ$&6LPRQWRQ.'DVLQJHUW76LPRQ
WRQ$  3UHGLFWLQJFKDQJHVLQVWXGHQWHQ
JDJHPHQWLQXQLYHUVLW\SK\VLFDOHGXFDWLRQ$S
SOLFDWLRQRIFRQWUROYDOXHWKHRU\RIDFKLHYHPHQW
HPRWLRQV3V\FKRORJ\RI6SRUWDQG([HUFLVH

>@-LQJ6  2Q1HW(GXFDWLRQDQG3K\VLFDO
(GXFDWLRQ$QKXL6SRUWV6FLHQFHDQG7HFKQRO
RJ\  
>@&DQFHOD -0 $\iQ &   3URILOH DQG
ZRUNLQJH[SHFWDWLRQVRI6SDQLVKSK\VLFDOHGX
FDWLRQXQLYHUVLW\VWXGHQWV3URFHGLD6RFLDODQG
%HKDYLRUDO6FLHQFHV
>@$FLNNDU0$ND\0)  6XSSRUWYHFWRU
PDFKLQHVIRUSUHGLFWLQJWKHDGPLVVLRQGHFLVLRQ
RIDFDQGLGDWHWRWKH6FKRRORI3K\VLFDO(GXFD
WLRQDQG6SRUWVDW&XNXURYD8QLYHUVLW\([SHUW
6\VWHPVZLWK$SSOLFDWLRQV
>@=DUJDU 7 *KRUEDQ -DKURPL 5   3UH
VHQWLQJDPRGHOIRUSUHGLFWLQJFRPSXWHUDQ[LHW\
RI 7HKUDQ ,VODPLF $]DG 8QLYHUVLWLHV¶ SK\VLFDO
HGXFDWLRQ VWXGHQWV LQ WHUPV RI LQWHOOLJHQFH EH
OLHIV DQG DFKLHYHPHQW JRDOV 3URFHGLD  6RFLDO
DQG%HKDYLRUDO6FLHQFHV
>@;XH-  7KH&RQVWUXFWLRQRI+LJKHU(G
XFDWLRQ(QWUHSUHQHXU6HUYLFHV1HWZRUN6\VWHP
D5HVHDUFK%DVHGRQ(FRORJLFDO6\VWHPV7KH
RU\3K\VLFV3URFHGLD
>@%OXWHDX 3 &ORXGHU / &XUHWRQ '  
'HYHORSLQJ LQWHUSURIHVVLRQDOHGXFDWLRQ RQOLQH
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